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1 PURPOSE

The purpose of this analysis and model report (AMR) for the Ventilation Modél is to analyze the
effects of pre-closure continuous ventilation in the Engineered Barrier System (EBS)
emplacement drifts and provide heat removal data to support EBS design. It will also provide
input data (initial conditions, and time varying boundary conditions) for the EBS post-closure
performance assessment and the EBS Water Distribution and Removal Process Model.

The objective of the analysis is to develop, describe, and apply calculation methods and models
that can be used to predict thermal conditions within emplacement drifts under forced ventilation
during the pre-closure period.

The scope of this anaysis includes:

Provide a general description of effects and heat transfer process of emplacement drift
ventilation.

Develop a modeling approach to simulate the impacts of pre-closure ventilation on the
thermal conditions in emplacement drifts.

Identify and document inputs to be used for modeling emplacement ventilation.
Perform calculations of temperatures and heat removal in the emplacement drift.

Address general considerations of the effect of water/moisture removal by ventilation on
the repository thermal conditions.

The numerical modeling in this document will be limited to heat-only modeling and calculations.
Only a preliminary assessment of the heat/moisture ventilation effects and modeling method will
be performed in this revision. Modeling of moisture effects on heat removal and emplacement
drift temperature may be performed in the future.
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2. QUALITY ASSURANCE

The analyses in this AMR have been determined to be Quality Affecting in accordance with
CRWMS M& O procedure QAP-2-0, Conduct of Activities, because the information will be used
to support Performance Assessment and other quality-affecting activities. Therefore, this AMR
is subject to the requirements of the Quality Assurance Requirements and Description (QARD)
document (DOE 1998). This AMR is covered by the Activity Evaluation for EBS Performance
Modeling (CRWMS M& O 1999g).

Personnel performing work on this analysis were trained and qualified according to Office of
Civilian Radioactive Waste Management (OCRWM) procedures AP-2.1Q, Indoctrination and
Training of Personnel, and AP-2.2Q, Establishment and Verification of Required Education and
Experience of Personnel. The repository subsurface ventilation system has been classified as
Conventional Quality (CRWMS M&O 1999h, p. 9, Section 7.1) in accordance with CRWMS
M& O procedure QAP-2-3, Classification of Permanent Items. The governing procedure for
preparation of this AMR is OCRWM procedure AP-3.10Q, Analyses and Models, as an
implementing document of Work Package 12012383MX. Development Plan TDP-EBS-MD-
000015 CRWMS M&O 1999i)) and Technica Change Request (TCR) (T1999-0122) were
processed in accordance with AP-2.13Q, and AP-3.4Q respectively.
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3. COMPUTER SOFTWARE AND MODEL USAGE

A commercially available computer program, ANSYS Version 5.2, is used to support the
calculation. ANSYS Version 5.2 is a genera purpose finite element analysis (FEA) code, and is
used in many disciplines of engineering that deal with topics including structural, geotechnical,
mechanical, thermal, and fluids. ANSYS is installed on the Silicon Graphics (SGI) and Sun
Microsystems workstations with the Unix operating system. ANSYS Version 5.2 has been
verified and validated (CSCI#: 30013 V5.2SGI, CRWMS M& O 19974d) according to applicable
M&O procedure. ANSYS was used in thermal calculations for predicting the effect of
continuous ventilation. The computer files for the ANSY S runs are included in this document in
Attachment V.

The ANSY S Version 5.2 software was obtained from the Configuration Management (CM) in
accordance with the applicable M&O procedure. The software was appropriate for the
applications used in this calculation. The software was used within the range of validation as
specified in the software qualification report (CRWMS M& O 19973).

The ventilation model used for the analysis of emplacement drift ventilation considers only
sensible heat transfer. Moisture remova by ventilation and potential water movement in the
rock mass are not included in the model. This type of heat-only mode is based on routine
application of established scientific laws (e.g. Newton’s cooling law, Fourier’s law, and Stefan-
Boltzmann law) and standard engineering practice for calculating heat transfer in and around an
underground opening. Detailed description of the model is provided in Sections 6.1 through 6.3.
The ventilation model is an application of existing industry standard and related software;
therefore, traditional validation approach to validate the model was used. The validation is
documented in Sections 6.1 through 6.3. The model validation includes provision of scientific
literature, parameter input, assumptions, simplifications, initial and boundary conditions;
explanation of how the software are used; expected source of uncertainty (TBV tracking); and
computer data files to allow independent repetition of the model ssimulation. It is determined that
the model is validated for its intended use.
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4. INPUTS

This section presents data, parameters, and criteria used to develop this analysis. The majority of
the input data presented in this section is considered preliminary and unqualified and will be
designated as TBV and tracked in accordance with AP-3.15Q. The outputs from this anaysis
cannot be used for procurement, fabrication, or construction prior to qualification of the input
data.

4.1 DATA AND PARAMETERS
411 Stefan-Boltzmann Constant

For thermal calculations the Stefan-Boltzmann constant value of 5.669° 108 W/n?-K*
(0.1714° 10°® Btwhft*>-R") is used (ASHRAE 1989, p. 3.7).

4.1.2 Average Ground Surface Temperature and Thermal Gradient

The average ground surface rock temperature is 18.7°C (CRWMS M&O 1998a, Volume I, p. 16)
(TBV-334). Therock thermal gradients used in this analysis are listed in Table 1.

Table 1 Rock Thermal Gradient

Depth (m) Value (°C /m)
0-150 0.020
150 - 400 0.018
400 - 541 0.030
541 -700 0.030°

Note: *Assumed value because the rock thermal gradient below 541 m is not available.

The undisturbed rock temperature at the repository level is calculated from the ground surface
temperature, the thermal gradient (Table 1), and the elevation at the repository level (4.1.3).

18.7°+ 0.02(150-0) + 0.018(348.98-150) = 25.3°C.
A value of 25°C isused in Section 5.5.

Using the same method, the undisturbed rock temperature at 606.57m (Section 4.1.3) below the
ground surface is determined as follows.

18.7°+ 0.02(150-0) + 0.018(400-150) + 0.030(541-400) + 0.030(606.57-541) = 32.40°C.

ANL-EBS-MD-000030 REV 00 15 November 1999



4.1.3 Lithostratigraphy

The thicknesses of the lithostratigraphic units are listed in Table 2 (CRWMS M&O 1999, pp. 1
of 2, TBV-3529). These are the average vaues at the point, (N233, 760m, E170, 750m), of the
repository emplacement area based on CRWMS M&O 1999a. The average elevations of the
surface and the repository levels are 1421.28 m (CRWMS M&O 1999a, p. 2) and 1072.3 m
(CRWMS M&O 1998b, Figure 4-1), respectively (TBV-3528). Therefore, the depth of the
repository level (the invert) is at 348.98 m (1421.28 - 1072.3 = 348.98 m) from the surface. The
depth of the centerline of the emplacement drift is at 346.23 m (348.98 — 5.5 m (drift diameter,
Sec. 4.1.9)/2 = 346.23 m).

From the ground surface elevation of 1421.28 m and the Tpcpv2 elevation of 1306.98 m
(CRWMS M&O 1999, p. 2), the thickness of the overburden above the Tpcpv2 is 114.3 m
(1421.28 — 1306.98 = 114.3m).

The thickness of the units from Tpcpv2 (including Tpcpv2) to Tacht is calculated based on data
in Table 2 as follows:

549+ 469+ 0.53+7.05+458+ 14.09+9.69+ 4.58 + 0.53 + 1.06 + 46.85 + 8.98
+ 77.68 + 29.94 + 106.21 + 47.73+ 20.61 + 299+ 11.27 + 3.35+ 84.37 =492.27 m

Therefore, the total thickness for all units shown in Table 2 is 606.57 m (114.3 + 492.27 =
606.57 m). The thickness from the emplacement drift centerline to the bottom of the Tacht unit
iS260.34 m (606.57 — 346.23 = 260.34).

ANL-EBS-MD-000030 REV 00 16 November 1999



00 A3d 0E0000-AN-SE3-INV

YA

6661 PQUWRNON

Table 2 Thermal Modeling Parameters by Stratigraphic Unit

Thickness Grain Thermal Conductivity Specific Heat
™M . Density
Unit USGS Unit ISM3.0 ) egim’ T#I00°C | T>100°C T#OS"C | 95°C<T#I14°C | T>114°C
g/m’) (W/miK) (J7kgiK)
Tpcrv No Data No Data 2550 2.00 1.60 823 3879 823
Tpcrn No Data No Data 2550 2.00 1.60 823 3879 823
Tpcrl No Data No Data No Data No Data No Data No Data No Data No Data
Tpcpul No Data No Data 2520 1.67 1.23 882 4352 882
TCw Tpcpmn No Data No Data 2510 1.94 1.53 837 4010 837
Tpcpll No Data No Data 2510 1.76 1.02 847 4019 847
Tpcpln No Data No Data 2510 1.88 1.28 837 4010 837
Tpcplnc No Data No Data No Data No Data No Data No Data No Data No Data
3 Tcpv3 0.0
Tpcpv > Topv2 5 49 2470 0.98 0.54 857 4570 857
Tpcpvl Tcpvl 4.69 2380 1.07 0.50 1037 6048 1037
Tpbt4 Tcbt4 0.53 2340 0.5 0.35 1077 21976 1077
Tpy Yucca 7.05 2400 0.97 0.44 849 16172 849
PTn Tpbt3 Tcht3 _dc 4.58 2370 1.02 0.46 1016 20669 1016
Tpp Pah 14.09 2260 0.82 0.35 1330 25560 1330
Tpbt2 Tpbt2 9.69 2370 0.67 0.23 1224 23878 1224
Tptrv3 Tptrv3 4.58
Tptrv2 Tptrv2 0.53 2510 1.00 0.37 834 5137 834
Tptrvl Tptrvl 1.06
Tswi Tptrn Tptrn 46.85 2550 1.62 1.06 866 5629 866
Tptrl Tptrl 8.98 2510 1.58 0.89 882 5693 882
Tptpul Tptpul 77.68 2510 1.80 0.71 883 5694 883
Tptpmn Tptpmn 29.94 2530 2.33 1.56 948 4568 948
TSw2 Tptpll Tptpll 106.21 2540 2.02 1.20 900 4663 900
Tptpln Tptpln 47.73 2560 1.84 1.42 865 4523 865
TSw3 Tptpv3 Tptpv3 20.61
Tptpv2 Tptpv2 2.99 2360 2.08 1.69 984 1958 984
Tptpvl Tptpvl 11.27
Tpbtl Tpbtl 3.35 2310 1.31 0.7 1057 21076 1057
CHnl |—2%
Tac4d | Tac(v) 2240 1.17 0.58 1201 23863 1201
$Zgg Calico 84.37
Tacl Tac(z) 2350 12 0.61 1154 22086 1154
CHn2 Tacbt 2440 1.35 0.73 1174 13561 1174
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4.1.4 Rock Mass Thermal Properties

The rock mass grain density, thermal conductivity and specific heat values (TBV-3529) are used in
the therma modeling. These values are listed in Table 2 based on Input Transmittal for Thermal
Modeling Parameters by Stratigraphic Unit (CRWMS M&O 1999, pp. 1 to 2). The emissivity of
0.9 for the Tptpll unit where the majority of emplacement drifts will be located was used based on
Fundamentals of Heat and Mass Transfer (Incropera and Dewitt 1985, p. 780).

4.15 Waste Package Parameters and Properties
4.1.5.1 Waste Package Thermal Properties
The thermal properties for waste package used in the analysis are listed in Table 3 (TBV-3684).

These values are for Alloy 22 material based on Thermal Calculation of the Waste Package with
Backfill (CRWMS M& O 1999b, Section 5.1.3).

Table 3 Thermal Properties for Waste Package

Parameter Value
Density (kg/m?) 8690
Thermal Conductivity (W/m-K) 12.52%
Specific Heat (J/kg-K) 435.25°
Emissivity 0.87

Note: # Averaged value over the temperature range of 48 to 300°C.
b Averaged value over the temperature range of 52 to 300°C.

4.1.5.2 Waste Package L ength and Diameter
The length and diameter for waste packages are listed in Table 4 (TBV-3685), based on Enhanced

Design Alternative (EDA) 11 Repository Estimated Waste Package Types and Quantities (CRWMS
M&O 1999c, Item 1, pp. 25 to 26).
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Table 4 Number and Initial Heat Generation Rates for Average CSNF and DHLW Waste Packages

Length of Diameter of

Waste Waste Number of Initial Heat
Waste Package Type Packages Packages Waste Generation Rate

Packages kW/package

(m) (m) 9 (kwWipackage)
Absorber Plates 5.305 1.564 4,279 11.3337

21-PWR

Control Rodes 5.305 1.564 87 2.3709
12-PWR Long 5.791 1.250 158 9.5402
44-BWR Absorber Plates 5.275 1.594 2,889 7.1346
24-BWR Thick Plates 5.245 1.238 6 0.4910
5-DHLW Short 3.73 2.030 1,249 4.0580
5-DHLW Long 5.357 2.030 414 5.8280%
Navy Combined 5.888 1.869 285 7.1350°
DOE/Other 5.57 No Data 598 0.7930

Note: “Assumed value by assuming that the initial heat generation rates for 5-DHLWSs, short and long, are linearly
proportional to their lengths (4.058kW’ 5.357m/3.73m=5.828kW).
b Averaged value equal to that of 44-BWR (CRWMS M&O, 1998c, p. 14. TBV-398).

4.1.5.3 Number and Initial Heat Generation Rates of Waste Packages

Table 4 lists the number of CSNF and defense high-level waste (DHLW) packages and their initial
heat. The data are from Enhanced Design Alternative (EDA) Il Repository Estimated Waste
Package Types and Quantities (CRWMS M&O 1999c, Item 2, p.7 (TBV 3695), and Item 2, p.15
(TBV 3686)).

4.1.5.4 Average Waste Package Heat Generation Rates

The decay characteristics of the commercial spent nuclear fuel (CSNF) waste packages, as listed in
Table 5, are used in thisanalysis. These values are provided in CRWMS M& O 1999c, Item 2,
Table 3, pp. 7to0 9 (TBV 3695). The values of heat flux and volumetric heat generation rate of the
waste packages used in therma models are calculated in Attachment 1.

4.1.6 Ventilation Air Properties

The properties of ventilation air are listed in Table 6 (TBV-3683 and TBV-3691). The values of
thermal conductivity, dynamic viscosity and Prandtl Number are based on an intake air temperature
of 25°C (298.16 K) (Section 5.5) and using linear interpolation from Heat Transfer. 8" Edition
(Holman 1997, p. 646). The density of ventilation air was obtained from Repository Subsurface
Waste Emplacement and Thermal Loading Management Strategy (CRWMS M&O 1998c, p.ll1-2).
This was done to include air density difference due to the elevation difference between the sea level
and average elevation of emplacement area.
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Table 5 Time-dependent Heat Generation Rates for Average CSNF Waste Packages

Time 21-PWR 21-PWR Control 12-PWR Long 44-BWR 24-BWR Thick
Absorber Plates Rods Absorber Plates | Absorber Plates
(years) (kW/package) (kW/package) (kwipackage) (kW/package) (kW/package)

0.01 11.3337 2.3709 9.5402 7.1346 0.4910

1 10.9954 2.3285 9.2722 6.9146 0.4829

5 9.9653 2.1785 8.4286 6.2682 0.4445

10 8.9956 2.0095 7.5901 5.6536 0.4030

15 8.1887 1.8547 6.8815 5.1467 0.3689

20 7.5138 1.7241 6.3149 4.7102 0.3341

25 6.9115 1.6038 5.8009 4.3098 0.3065

30 6.3792 1.4942 5.3407 3.9701 0.2806

40 5.4984 1.3106 4.5868 3.3915 0.2369

50 4.7912 1.1649 3.9792 2.9326 0.2033

60 4.2229 1.0443 3.5026 2.5621 0.1754

70 3.7685 0.9479 3.1031 2.2625 0.1536

80 3.3915 0.8698 2.7908 2.0227 0.1361

90 3.0866 0.8070 2.5304 1.8264 0.1222
100 2.8314 0.7545 2.3024 1.6685 0.1111
150 2.0790 0.5983 1.6766 1.1977 0.0799
200 1.7291 0.5244 1.3818 0.9878 0.0684
250 1.5128 0.4796 1.2029 0.8725 0.0622
300 1.3654 0.4452 1.0804 0.7889 0.0583

4.1.7

Table 6 Property Values for Ventilation Air

Parameter Value
Density (kg/m?) 1.0561
Thermal Conductivity (W/miK) 0.0261
Dynamic Viscosity (kg/ms) 1.8371H10°°
Prandtl Number (dimensionless) 0.7079
Specific Heat (Cp) (J/kgiK) 1005.7

Emplacement Drift Spacing

The emplacement drift spacing is 81 meters centerline to centerline (Heath and Wilkins 1999, p.1).

4.1.8 Waste Package Spacing

The waste packages will be spaced 10 cm apart (Heath and Wilkins 1999, p. 2).

4.1.9

Emplacement Drift Diameter

The diameter of the waste emplacement driftsis 5.5 m (Heath and Wilkins 1999, p. 1).

ANL-EBS-MD-000030 REV 00
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42 CRITERIA

Each drift segment in the repository will be ventilated during preclosure, which for base case
analyses should be assumed to be 50 years... The ventilation system shall be designed to remove at
least 70% of the heat generated by the waste packages during preclosure (Heath and Wilkins 1999,
p.3).

43 CODESAND STANDARDS

Not used.
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S. ASSUMPTIONS

51 WASTE PACKAGE DIAMETER

It is assumed for the purpose of the continuous ventilation calculation that all waste packages have
the same diameter. The diameter used is that of the 21 PWR waste packages, 1.564 m (See Table
4). Thisassumption is based on the waste stream, where the largest number of waste packages are
21 PWR. (TBV-3686)

5.2 WASTE PACKAGE PLACEMENT

For the preclosure ventilation calculation, it is assumed that the waste packages are placed in the
center of the emplacement drift (CRWMS M&O 1999f, p. 37). Thisisalimitation of the ANSY S
software. (TBV-3689)

5.3 AVERAGE EMPLACEM ENT DRIFT LENGTH

For the preclosure ventilation calculation, the average drift length from the air inlet of emplacement
drift to the central exhaust main is assumed 600 m (CRWMS M& O 1999f, p. 7). (TBV-3688)

54 PRECLOSURE VENTILATION RATES

The preclosure ventilation calculations were performed for airflow rates of 10nt/s and 15nT/s. This
is based on the ANSYS Calculations in Support of Enhanced Design Alternatives (CRWMS M& O
1999f). Page V1-6 of this document shows that for EDA 11, a ventilation rate of 10n7/s removed
67% of the heat after 50 years. The EDA Il requirements state that 70% of the heat must be
removed (Section 4.2), so 15nT/s will also be evaluated. (TBV-3687)

55 INTAKE AIRFLOW TEMPERATURE AT EMPLACEMENT DRIFT INLET

The preclosure ventilation calculations, the temperature of intake airflow at emplacement drift inlet
is assumed to the same as the undisturbed rock temperature at repository level, 25 °C (see Section
4.1.2). (CRWMS M&O 1999f, p. 10, Section 3.1.7) (TBV-3690)

56 ROCK PROPERTIES FOR OVERBURDEN ABOVE TPCPV2 UNIT

The rock properties for the overburden above the Tpcpv2 unit are incomplete. Thisis due to the
lack of thickness data for individual units within the overburden (Table 2). For the entire

overburden of 114.3 m (Section 4.1.3) on top of Tpcpv2 unit, the rock properties are assumed to the
same as those of Tpcpv2 unit, which is the closest unit to the overburden. (TBV-3529)
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6. ANALY SIS MODEL

6.1 INTRODUCTION TO VENTILATION MODEL

It is required that each segment of the repository will be ventilated during preclosure. The
repository system shall be designed to remove at least 70% of the heat generated by waste packages
during preclosure (Section 4.2).

Ventilation is the most direct means to remove the heat energy generated by spent fuel in the
emplacement drifts. Ventilation of emplacement drifts after waste emplacement, if considered
desirable, could be employed as a part of the thermal management process. The net effect of
ventilation of emplacement drifts should be to delay the onset of the peak rock temperature and to
lower the peak when it does occur (CRWMS M&O 1995, pp. 28 to 36; CRWMS M&O 1996,
Section 5.3; and CRWMS M&O 1997b, pp. 75 to 78).

As discussed later in this section, analysis of the heat transfer processes in the vicinity of a
ventilated emplacement drift is a complex problem which cannot be solved by direct analysis. The
heat removal by ventilation (thermal energy transferred into the airflow) must be determined by
analyzing the therma conduction, thermal convection and thermal radiation occurring
simultaneously in the drift and the surrounding rock mass. This section will provide an explanation
of the thermal energy exchange mechanism in ventilated emplacement drifts. The numerical
analysis method developed to quantify the heat flow rates and drift temperatures will also be
discussed.

6.2 HEAT TRANSFER DURING VENTILATION

When an air flow initialy at ambient temperature is applied to an emplacement drift to manage the
drift temperature, thermal energy released from a waste package (WP) will be transferred to the
surroundings through the following processes, as shown in Figure 1.

1) Convective heat transfers from the surface of the WP directly to the air flow, due to the
temperature difference between the surface and the moving air. The heat flow rate can be
calculated using Newton's cooling law, if the mean temperature of airflow and the temperature
of the WP surface are known.

2) Thermal radiation heat exchange occurs between the surface of the WP and the drift wall. The
net rate at which the radiative hest is transferred to the drift wall can be described by the Stefan-
Boltzmann Law. Determination of the net thermal radiation will require known WP surface
temperature and drift wall temperature.
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3) Convective heat transfers between the drift wall surface and the air flow, due to the temperature
difference between the wall surface and the moving air. The heat flow rate can be calculated
using Newton's cooling law, if the mean temperature of airflow and the temperature of drift wall
are given.

4) Conduction hesat transfer occurs in the rock mass due to increasad drift wall temperature caused
by thermal radiation to the wall surface. The heat flow rate into the rock can be determined
using Fourier's conduction law, after the temperature gradient in the rock mass is specified.

The heat transfer rates and the temperatures resulting from these heat transfer modes are al time-
dependent and coupled throughout the entire thermal process.

6.3 VENTILATION MODEL DESCRIPTION

6.3.1 Software

The heat transfer rates for the processes described in the previous section can be related by
considering the overall thermal energy conservation (i.e. the sum of convective heat transfer into the
airflow and the conductive heat transfer into the rock is equa to the total heat released from the
waste emplaced in the drift). However, the problem cannot be directly solved from this relation
since both convective and conductive heat transfers are unknown and their solutions will be
dependent on each other. Determining the convective heat transfer into the airflow (or,
aternatively, the conductive heat transfer into the rock) requires knowledge of both air and drift
wall temperatures which are constantly changing with time since emplacement, and the distance
from the drift entrance. In other words, the number of energy equations is less than the number of
variables involved. Analytical solutions of the coupled air and drift wall temperatures are not
possible even with the help of the energy conservation equation. Therefore, it is necessary to
develop a calculation method and appropriate assumptions to find approximate solutions.

In pursuing numerical solutions to the problem of quantifying the thermal processes during
continuous ventilation, an initial attempt was made to investigate the currently available computer
software that may be used to directly solve this problem. It was found that although amost all
thermal or thermal-fluid analysis programs perform simulations of therma conduction, thermal
convection and thermal radiation, they require some known parameters (which are variables to be
solved in this problem) as input. For example, modeling conductive heat transfer in a solid imposed
with both thermal convective and thermal radiative boundaries can only be accomplished under the
conditions of known temperatures for the fluid and the radiating surfaces.

To overcome this difficulty, an approach to be used in conjunction with genera therma analysis
programs (e.g. ANSYS) was developed for reaching an approximate solution to this problem. In
this method, a ventilated emplacement drift is treated as a series of finite drift ssgments. Thermal
analysis with computer models is performed for each drift-section sequentially from the beginning
(air-inlet) to the end (air-exhaust) of the drift. Then the heat transfer processes for the entire drift
can be evaluated through assembly and comparison of the results from individual segments. Figure
2 isasimple flow chart illustrating the main steps of this process.
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As shown in Figure 2, this process starts with defining a number of time-steps (Dt;) to represent the
entire ventilation time period of interest fven). The total number of time intervals (n), and the
length of each time-step ;) can be selected according to the degree of calculation accuracy
demanded and considerations of the expected computational time. The values of Dt may be set
differently to accommodate the variations of the thermal decay rate of the waste during different
time periods. Generaly, during the initial stages when the waste decays rapidly, short time steps
can be arranged to justify the use of a constant heat output, which is obtained by averaging the heat
output from the waste over a time interval. In the later stages of heat transfer, the therma decay
curves become relatively flat, thus longer time-steps would be desirable in order to reduce
computational efforts.

In this approach, the entire drift (total length of L) is considered as a series of connected drift
segments with Dl; in length. The total number of drift segments () is related to segment length
(Dlj) Itisdesirableto choose ashort DI; for individual drift ssgments, to the extent practicable, so
that the temperature of air traveling within the segment can be reasonably represented by a constant,
irrespective of the distance traveled. The values of DIj may be set differently to accommodate the
variations of air temperature increases as the air flows through the drift.

Calculations are performed sequentially for each time-step, as indicated in Figure 2, from Dti=; to
Dti-h,. Within each time span Ot)) therma analysis with computer models is performed for each
drift segment sequentialy from the beginning (air-intake) to the end (air-exit) of the drift. The
calculating process within each finite drift segment (DI;) starts with identification of the initial and
boundary conditions within segment ©l;) and during time span ©t;), which are required by the
computer thermal analysis model as input data. Typicaly, these include the heat output rate (Qwaste)
from the decay of waste, mean temperature of the intake air entering the segment, initial drift wall
surface temperature, air flow quantity (Q), and convective heat transfer coefficient (h) for the drift
wall surface. Then the thermal modeling using general heat transfer computer software ANSY S is
performed to predict the rock temperature distributions in the vicinity of the drift segment. From
the outputs of the simulation, an average drift wall temperature of that segment can be found.

Applying the determined average wall temperature together with the mean airflow temperature,
convective heat transfer rate in the segment can be calculated using Newton's cooling law. The
obtained heat removal rate, and the known airflow rate will enable the determination of the increase
in internal thermal energy of the air, and the mean temperature of the air flow exiting the segment,
which will be used as the mean temperature of air entering the next segment. The above described
process will be repetitively performed until the cal culation reaches the end of the drift.
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When calculations of al drift segments are completed for a time-step, the results will be used as
inputs to the next time step.

Upon the completion of the required computational efforts for al time-steps, results for al
individual segments and time intervals are assembled. The outcome forms a comprehensive
description of the heat transfer process for the entire drift at different times after emplacement.
With this information, aternative concepts and some subjects regarding emplacement drift
temperature management by ventilation may be further evaluated.

6.3.2 Modd Setup

The calculation uses the Enhanced Design Alternative (EDA) Il as the basis for simulation of the
heat transfer process during ventilation. EDA Il has the following characteristics (CRWMS M&O
1999¢, second para. of Section 5.1., Sections 5.1.1 and 5.1.2):

Temperature above the boiling point of water in the emplacement drifts.

Temperatures below the boiling point of water in the center areas of the pillars (areas of rock
between emplacement drifts) with the expectation that moisture mobilized at the emplacement
drift walls will drain through this pillar region and be transported below the repository.

Continuous ventilation for fifty years to remove moisture and heat generated prior to closure.

Backfill and a 2-cm thick titanium alloy drip shield will be placed over the waste packages at
closure.

Close spacing (10 cm between WPs) within a drift (line loading) and 81-m center to center
spacing between emplacement drifts.

Blending of WP composition to achieve an average heat output of 9.8 kW and a maximum heat
output of 11.8 kW per package.

WPs are constructed with 2-cm thick Alloy 22 outer layer and 5-cm thick 316NG stainless steel
interlayer.

Spent Nuclear fuel cladding temperature below 350 °C.

Closure 50 years after start of emplacement.
The ANSY S program was used to simulate the conditions in the rock mass of the repository based
on the EDA 1l characteristics with ventilation flows of 10, and 15 cubic meters per second (cms).

The simulation was performed as follows:

An emplacement drift was divided into six 100m segments, each represented as a 2-dimensional
case.
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ANSYS calculated the drift wall and waste package temperatures for the first segment by
assuming the air temperature is constant.

Given the WP, drift wall, and air intake temperatures; the exhaust air temperature for the first
segment is calculated (external to ANSYS).

This process is repeated for the remaining drift segments.

The thermal conditions of the rock mass and exhaust air temperature for a given time step were
used as inputs for the next time step. The intake air temperature for a time step is the exhaust air
temperature from the previous drift segment in the previous time step. Also, the WP heat output
varies with time and additional time periods are affected by the thermal decay curve.

Caculations for the convective heat transfer coefficients used in the modeling are documented
in Attachment 111.

Pre-closure ventilation duration of up to 300 years was modeled, but results of temperature and
heat removal were plotted and discussed just for up to 200 years in Sections 6.4 and 6.5 of this
document.

The block representation used in the calculation are shown in Figure 3. The height of the block is
606.57 m (346.23 m + 262.13 m = 606.57 m) (see Section 4.1.3). The diameter of emplacement
drift is 5.5 m (see Section 4.1.9). The boundary temperatures (18.7 °C at the top and 32.40 °C at the
bottom) are described in Section 4.1.2.
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64 TEMPERATURE RESULTS

For the two ventilation flow scenarios and ventilation through 300 years after placement, drift wall
rock and the exit air temperatures were calculated at various time increments. The calculated
results for the drift wall temperatures are shown in Figures 4 and 7. The resultant air temperatures
are shown in Figures 7 and 9. Drift wall temperatures presented are averages of the crown,
springline and invert temperatures calculated by ANSYS. Air temperatures presented are the
calculated values at the end of the segment. Individua wall temperatures and air temperature
calculations are presented in Appendix 1V.

Wall temperature peaks within the first few years at the air inlet end of the drift and within five to
fifteen years at the air discharge end of the drift. Air temperature peaks dightly later at the inlet end
of the drift but in the same time frame as the walls at the outlet end. For ventilation of 10 cms, the
maximum temperatures calculated occurred at year 10 and are 94° C average wall temperature, with
a corresponding maximum air temperature of 79° C. For ventilation at 15 cms, calculated
maximums occurred at the same time but were lower, 76° C for the wall and 64° C for air.

Under this continuous ventilation flow scenario all temperatures remain below the boiling point of
water.

6.5 HEAT REMOVAL RESULTS

The rate of heat generated and removed with time for the 10 cms and 15 cms ventilation scenarios
are presented in Figures 4 through 6, and Figures 7 through 9, respectively. Details of the
temperature and heat removal values shown in Figures 4 through 9 are documented in Attachment
IV. Heat removal by convective transfer from both the WP surface and from the wall surfaces is
accounted for. Heat removal is by dry air, the additional heat removal that will occur if moisture is
accounted for is not addressed in these calculations. Heat generated is the same for both scenarios
and is the heat produced by average WPs that are placed to produce a linear heat load of 1.55 kW
per meter in the drift.

Heat removed by ventilation at the rate of 10 cms has been calculated to be 68% of the heat
generated after 50 years, 73% after 100 years, and 77% after 200 years. Heat removed by
ventilation at the rate of 15 cms has been calculated to be 74% of the heat generated after 50 years,
78% after 100 years, and 82% after 200 years. Peak removal rates occur within the 5 to 15 year
time frame.

From the results of heat removal indicated that for thermal loading cases evaluated in this

document, the airflow rate to remove 70% of heat generated during 50-year preclosure (see Section
4.2) will be between 10 to 15 cms per drift.
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6.6 CONSIDERATION OF MOISTURE EFFECTS

The results of temperature and heat removal discussed in Sections 6.4 and 6.5 were based on a
consideration that the heat transfer associated water vaporization was negligible. In other words, only
“sensible heat” was included in the calculations. "Sensble heat" is the energy associated with
increasing the temperature of air at a constant water content, whereas the "latent heat” is the energy
associated with vaporizing water and adding it to the air stream. The sensible heat moded tends to
over-predict the emplacement drift temperature, which is conservative for repository thermal loading
and ventilation temperature calculations.

However, the moisture contained in the rock mass, if transported into the ventilation air, will have
certain degree of influences on the temperatures and total heat removal. The Spent Fuel Test - Climax
conducted in an underground testing facility for a period of about 3 years showed that about 76.7% of
the heat remova by ventilation was associated with "sensible heat”, and 23.3% was associated with
"latent heat" (CRWMS M& O 1997, p. 86).

Determination of the potential latent heat in a ventilated emplacement drift requires description of
water movement within the rock during ventilation. The rate at which the water is transported to the
drift surface contacted with the airflow, and the time duration of the water movement in the
surrounding rock mass must be evaluated. A coupled smulation program, known as MULTIFLUX,
was developed for the Y ucca Mountain Project to model the psychrometric environment in and around
the emplacement drift (Danko et a.1998, p. 762). This program is currently being validated in
accordance with the quality administrative procedure for software management, and may be available
for modeling the repository ventilation with consideration of moisture effects. To demonstrate the
overal approach developed to smulate the coupled heat and mass transfer problem during ventilation,
the mgjor processes of the program is discussed below.

The MULTIFLUX program is developed by University of Nevada, Reno (UNR) under the contract
with the CRWMS M&O. The MULTIFLUX is coupled to the NUFT (Non-isotherma Unsaturated-
Saturated Flow and Transport), a therma hydrologic model, developed by Lawrence Livermore
National Laboratory. The NUFT software is capable of analyzing flow (moisture mass transport or
infiltration) and coupled mass and energy transport in geological media by conduction, convection, and
diffusion with multiple gas and liquid phases including phase change.

The MULTIFLUX program uses a predetermined number of NUFT runs to solve the heat and moisture
mass transfer in the rock. These runs will establish relationships among the rock temperature, partial
vapor pressure, heat flux, and moisture flux at the drift wal surfaces. Then, the MULTIFLUX
performs the airway model that solves the heat and mass transfer within predefined drift segments.
This airway model is based on computationa fluid dynamic (CFD) and is designed to model the heat
and mass transfer in and around the subsurface opening. The calculation using the airway modd is
repested until the drift wall heat flux and temperatures match at selected axial nodes. Then the exit air
temperature and humidity from a drift segment will be used as the inlet conditions for the next
segment.  This process is repeated for successive drift segments until temperature, saturation, and
humidity values have been caculated for the entire drift. Then, the above steps are iterated for
successive time intervals of ventilation time.
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Preliminary calculations performed previoudy during the development of the program CRWMS
M&O 1996, Section 5.3) will be discussed in this paragraph. Although the therma loading
arrangement considered at that time (83 MTU/acre, 22.5-m drift spacing and 16-m WP spacing) was
different from the current concept, it can be used to illustrate the overal effect of moisture remova on
the repository thermal conditions. The results indicated that emplacement drift ventilation is capable of
removing significant amount of water out of the repository system. The total water remova from a
600-m long drift in 100-years of ventilation was calculated to be 3to 9 10° kg for airflow rates ranging
from 0.1 to 10 n¥/s. The previous calculation showed that during the ventilation of 10 ni/s, the
maximum drift wall temperature was 51 °C for heat-only mode, and 45 °C for the coupled
heat/moisture moddl. The lower temperatures predicted with the coupled heat/moisture model were
due to the additional heat being removed through the latent heat of vaporization.
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7. CONCLUSIONS

The unqualified input data used for the analysis work performed in this document are identified and
listed with TBV numbers in the Section 4 and Attachment | of this document. The results of this
report are considered unqualified.

This report addressed the preliminary ventilation model to be used to analyze the effects of pre-
closure continuous ventilation in the EBS emplacement drifts. Based on the information and
discussions presented in the previous sections, the following conclusions are made:

Heat transfer processes during continuous ventilation of emplacement drifts were evaluated. A
method that can be used to model the thermal conditions in and around the emplacement drifts
was devel oped and documented in this report.

Numerical analyses were performed using the heat-only model for airflow rates of 10 and 15
nt/s. The results indicate that use of ventilation with appropriate airflow rate is capable of
removing heat from emplacement drifts and is capable of controlling emplacement drift
temperatures.

The modeling results for ventilation of 10 nv/s showed that the maximum drift wall
temperatures of 94° C occurred at year 10, with a corresponding maximum air temperature of
79° C. For ventilation airflow rate of 15 nt'/s, calculated maximums occurred at the same time
but were much lower, 76° C for the drift wall and 64° C for the airflow.

Heat removed by ventilation at the rate of 10 n¥/s has been calculated to be 68% of the heat
generated after 50 years, 73% after 100 years, and 77% after 200 years. Heat removed by
ventilation at the rate of 15 n¥/s has been calculated to be 74% of the heat generated after 50
years, 78% after 100 years, and 82% after 200 years. Peak rates of heat removal occur within
the 5 to 15 year time frame. For thermal loading cases evaluated in this document, the airflow
rate to remove 70% of heat generated during 50-year preclosure (see Section 4.2) will be
between 10 to 15 cms per drift.

Moisture contained in the rock mass, if transported into the ventilation air, will have certain
degree of influences on the temperatures and total heat removal. The principle steps of a
coupled simulation program developed to model the psychrometric environment in the
emplacement drift were described. Further study of the moisture effects on heat remova and
temperature management may be conducted.
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2. Technical Product Input Source Title and 3. Stattﬁ)s Section TBV/TBD Unqual. From Un-
Identifier(s) with Version Section ) oV Uncontrolled | confirmed
Used in Priority Source
ASHRAE (American Society of Heati p.3.7 Accepted 411 Stefan-Boltzmann Constant N/A N/A N/A N/A
merican Society of Heating,
Refrigerating and Air Conditioning Engineers, Data.
Inc.) 1989. 1989 ASHRAE Handbook,
Fundamentals |-P Edition. Atlanta, GA: E;Egbmk
ASHRAE. TIC: 201565.
CRWMS M & O 1995. Waste Emplacement 7.23.2. | N/A 6.1 Effects of ventilation on N/A N/A N/A N/A
Management Evaluation Report. BCO000000- | 3 emplacement drift thermal
01717-5705-00011 REV 00. Las Vegas, Ref. only condition
Nevada: CRWMS M&O. ACC:
MOL.19970519.0103.
CRWMS M & O 1996. Thermal Loading 53 N/A 6.1 and | Effects of ventilation on N/A N/A N/A N/A
Study for FY 1996 Vol. I. BOOO00000-01717- Ref. only 6.6 emplacement drift thermal
5705-00044 REV 01. Las Vegas, Nevada: ) : condition
CRWMS M&O. ACC: MOL.19961217.0121.
CRWMS M&O 1997a. Software Qualification | Entire N/A 3 QA status of software ANSYS N/A N/A N/A N/A
Report for ANSYS Revision 5.2SGlI, CSCI: Ref. onl Version 5.2
30013 V5.2SGl. 30013-2003 REV 00. Las -only
Vegas, Nevada: CRWMS M&O. ACC:
MOL.19970815.0536.
CRWMS M & O 1997b. Heating and Cooling pp. 75 N/A 6.1 Effects of ventilation on N/A N/A N/A N/A
Scoping Analysis Report. BCO000000-01717- | to 78 emplacement drift thermal
5705-00007 REV 00. Las Vegas, Nevada: Ref. Only condition
CRWMS M&O. ACC: MOL.19970606.0153.
CRWMS M&O 1998a. Ground Control 1231 TBV 334 412 Average ground surface 3 X
System Description Document. BCA000000- temperature (18.7° C) and thermal
01717-1705-00011 REV 00. Las Vegas, gradient
Nevada: CRWMS M&O ACC:
MOL.19980825.0286.
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ANL-EBS-MD-000030 REV 00 Ventilation Model
Input Document 8. TBV Due To
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2. Technical ﬁ&%‘:::ﬁ,telrrzg; \t,vﬁﬁld;gfsgﬂe and gection Stattﬁ)s Section TBV/TBD Lnaual Unc'c:)rn(i;glled conlfJipmed
Used in Priority Source
7 CRWMS M&O 1998b. Repository Ground Fig. 4-1 | TBV3528 413 Avg. elevations of repository level 3 X
Support Analysis for Viability Assessment. 1072.3 m at invert.
BCAAO00000-01717-0200-00004 REV 01. Las
Vegas, Nevada: CRWMS M&O. ACC:
MOL.19980512.0714.
8 CRWMS M&O 1998c. Repository Subsurface | p.ll-2to | TBV 3683 | 4.1.6 Ventilation air density at repository | 3 X
Waste Emplacement and Thermal level.
Management Strategy. BO0O000000-01717-
0200-00173 REV 00. Las Vegas, Nevada:
CRWMS M&O. ACC: MOL.19980918.0084. . Estimated level of initial heat
iesci'gn output for naval spent fuel WPs
e TBV 389 4152 3 X
9 CRWMS M&O 1999a. Input Transmittal for pp.1of | TBV3529 | 4.1.3 Thermal modeling parameters by 3 X
Thermal Modeling Parameters by 2 414 stratigraphic unit - thickness, grain
Stratigraphic Unit. Input Tracking No.: SSR- " density, thermal conductivity, &
NEP-99261.Ta. Las Vegas, Nevada: specific heat. Elevations for
CRWMS M&O. ACC: MOL.19990920.0109. ground surface and Tpcpv2 unt
10 | CRWMS M&O 1999b. Thermal Calculation of | 5.1.3 TBV 3684 | 4.1.5.1 | Waste package thermal properties | 3 X
the Waste Package with Backfill. BBO0O0000O- for Alloy 22 - density, thermal
01717-0210-00001 REV 00. Las Vegas, conductivity, specific heat, and
Nevada: CRWMS M&O. ACC: emmisivity
MOL.19981214.0073.
11 | CRWMS M&O 1999c. Enhanced Design Item1, TBV 3685 | 4.15.2 Waste package length and 3 X
Alternative (EDA) Il Repository Estimated pp. 25 diameter
Waste Package Types and Quantities. Input to 26
Tracking No.: EBS-SR-99325.T. Las Vegas,
Nevada: CRWMS M&O. ACC:
MOL.19991103.0236.
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11 | (Continued ...) Item 2, TBV 3686 | 4.15.3 Number & initial heat generation 3 X
p. 15 rates of waste packages
and p.
17
Item 2, TBV 3695 | 4.1.5.4 3 X
pp. 7 to Decay characteristics of the
9 commercial spent nuclear fuel
waste packages
12 | CRWMS M & O 1999e. Enhanced Design 2" para | N/A 6.3.2 General description of EDA I N/A N/A N/A N/A
Alternative Il Report. BOO0O00000-01717- of 5.1 Ref. onl characteristics.
5705-00131 REV 00. Las Vegas, Nevada: ’ -ony
CRWMS M&O. ACC: MOL.19990712.0194. 5.1.1
5.1.2
13 | CRWMS M & O 1999f. ANSYS Calculations p. VI-6 TBV 3687 | 5.4 Airflow rate for preclosure 3 X
in Support of Enhanced Design Alternatives. ventilation.
B00000000-01717-0210-00074 REV 00. Las .
Vegas, Nevada: CRWMS M&O. ACC: p.7 TBV 3688 | 5.3 verage emplacement drift length
MOL.19990218.0240. '
Fig. 4 TBV 3689 | 52 WP position in emplacement drift.
8.7 TBV 3690 | 5.5 Intake air temperature at
emplacement drift entrance.
14 | CRWMS M&O 1999g. Activity Evaluation, Entre | N/A 2 Activity Evaluation N/A N/A N/A N/A
Engineered Barrier System Performance
Modeling (WP# 12012383MX). Las Vegas, Ref. only
Nevada: CRWMS M&O. ACC:
MOL.19990719.0317.
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15 o N/A N/A N/A N/A
CRWMS M&O 199%h. Classification of the o
MGR Subsurface Ventilation System. ANL- 7.1 N/A 2 QA classification of subsurface
SVS-SE-000001 REV 00. Las Vegas, Ref. only ventilation system.
Nevada: CRWMS M&O. ACC: '
MOL.19990928.0219.
16 ) Entire N/A 2 Development Plan for Ventilation N/A N/A N/A N/A
CRWMS M&O 1999i. Development Plan for Model gocument
Ventilation Model. TDP-EBS-MD-000015 Ref. only
REV 01. Las Vegas, Nevada: CRWMS M&O.
ACC: MOL.19991005.0214.
17 . ) pp. 762 | N/A 6.6 Description of a coupled N/A N/A N/A N/A
Danko, G.; Blink, J.A.; and Chesnut, D.A. to 766 simulation process to estimate
1998. “Temperature and Moisture Control Ref. only heat and moisture effects on
Using Pre-Closure Ventilation'. Proceedings of emplacement drifts
the Eighth International Conference: High-
Level Radioactive Waste Management,
pp.762 — 766. La Grange Park, lllinois:
American Nuclear Society, Inc. TIC: 237082.
18 | DOE (U.S. Department of Energy) 1998. Entire N/A 2 Quality Assurance Requirements N/A N/A N/A N/A
Quality Assurance Requirements and Ref. onl and Description program followed;
Description for the Civilian Radioactive Waste -ony reference only
Management Program. DOE/RW-0333P REV
08. Washington, D.C. U.S. Department of
Energy. ACC: MOL.19980601.0022.
19 | Health, C.A. and Wilkins, D.R. 1999. _ p. 1 N/A 4.1.17 Emplacement drift spacing. N/A N/A N/A N/A
"Direction to Transition to Enhanced Design ) ]
Alternative I1." Letter from C.A. Heath p. 1 Project 4.1.19 Diameter of waste emplacement
(CRWMS M&O) and D.R. Wilkins (CRWMS baseline drift.
M&O) to Distribution, LV.NS.JLY.06/99-026, Waste package spacin
June 15, 1999, with enclosure. ACC: p.2 4118 package spacing.
MOL.19990622.0126, MOL.19990622.0127, 2 4.2 Heat removal of at least 70% by
and MOL.19990622.0128. P: ’ 50-yr preclosure ventilation.
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20 | Holman, J.P. 1997. Heat Transfer. 8" Edition. | p. 646 TBV 3691 | 4.1.6 Ventilation air properties at 25°C - | 3 X

New York, New York: McGraw-Hill, Inc. TIC: thermal conductivity, dynamic

239954 viscosity, and Prandtl Number
21 | Incropera, F.P.; and Dewitt, D. P. 1985. p. 780 TBV 3532 | 4.14 Emissivity for the Tptpll unit 3 X

Fundamentals of Heat and Mass Transfer.

New York, New York: John Wiley & Sons.

TIC: 208420.
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AVERAGE OVERALL THERMAL DECAY

{1) Estimate of Linear Heat Load Along Emplacement Drift

Wt acaga Type Mmr ! PRI Long ) RN R ol Lome

Sec. 4.1.52 Sec.4.1.5.2 Sec.4.1.5.3 seeNote1 seeNote2

21-PWR  Absorber 4279 0.429 5.305 11.3337 23128.00 4849690 2.10

21-PWR  Control Ro 87 0.008 5.305 23709 47024  206.27 0.44

12-PWR Long 158 0.016 57931 9.5402 930.78 1507.35 1.62

44-BWR  Absorber 2889 0.29 5.275 7.1346 15528.38 20811.86 1.33

24-BWR  Thick Plat 6 0.001 5.245 0.4910 32.07 295 0.09

5-DHLW 1249 0.125 3.73 40580 4783.67 506844 1.06

5-DHLW Long 414 0.042 5.357 5.8280 2259.20 2412.79 1.07

Naval Combined 285 0.029 5.888 71346 | 1706.68 2033.36 1.19

{See Note 2)

DOE/Other 598 0.06 5.57 0.7930 3390.668 474.21 0.14

Total 9965 1 5222956 80814.14
Average 5141 1.5473

Note 1:  Total drift length required for a given type of WPs is determined using:
Total drift length = (Number of WPs)*(WP iength + 0.1 m), where 0.1 m is the gap

between WPs (see Section 4.1.8).

Note 2:  Heat output for Naval packages is not available. Value listed was based on consideration
that the Naval package have the similar initial heat output of the 44-BWR packages
This consideration was documented in CRWMS M&O 1998¢, Section 4.3.11.
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Time
{years)

0.01

10

16

20

(See Note 3) 25
(Sea Note 3) 26
30

40

50

60

70

80

90
100

(See Note 3) 125
150
200

250

300

21-PWR
Absorber
Plates
kw
{Sec 4.1.5.4)

11.3337
10.9954
9.9653
8.9956
8.1887
7.5138
6.9115
6.8050
6.3702
5.4984
47912
4.2229
3.7685
3.3915
3.0866
2.8314
2.4552
2.079
1.7291
1.5128
1.3654

21-PWR
Control
Rods
kw
{Sec 4.1.5.4)

2.3709
2.3285
2.1785
2.0095
1.8547
1.7241
1.6038
1.5819
1.4942
1.3106
1.1649
1.0443
0.9479
0.8698
0.807
0.7545
0.6764
0.56983
0.5244
0.4796
0.4452

12-PWR
Long

kW

{Sec 4.1.54)

9.5402
9.2722
8.4286
7.6801
6.8815
6.3149
5.8009
5.7089
5.3407
45868
3.9792
3.5028
3.1031
2.7908
2.5304
2.3024
1.9895
1.6766
1.3818
1.2029
1.0804

(2) Thermal Decay for CSNF

44-BWR
Absorber
Plates
kW

[Sec 4.1.5.4)

7.1346
6.9146
6.2682
5.6536
5.1467
4.7102
4.3098
4.2419
3.9701
3.3915
2.9326
2.5621
2.2625
2.0227
1.8264
1.6685
1.4331
1.1977
0.9878
0.8725
0.7889

24.BWR
Thick
Absorber
Plates
kW

(Sec 4.4.5.4)

0.491
0.4829
0.4445

0.403
0.3689
0.3341
0.3085
0.3013
0.2806
0.2369
0.2033
0.1754
0.1536
0.1361
0.1222
0.1111
0.0955
0.0799
0.0684
0.0622
0.0683

Note 3: Vatues for 26 and 125 years are base on linear interpolation.
Values for 25 years were listed to illustrate data interpolation for values of 26 years.
They were not actually used in calculations.

ANL-EBS-MD-000030 REV 00
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Total Heat
of All CSNF
WP (kW)

70825.33
68696.08
62274.26
56201.90
511569.11
46909.07
43083.23
42414.93
39741.73
34165.86
29705.11
26117.01
23235.45
20873.24
18954.78
17365.94
15019.78
12673.63
10516.93
9226.08
8331.46

Percentage
Decay of All
CSNF WP (%)

100.00%
96.99%
87.93%
79.35%
72.23%
66.23%
60.83%
59.89%
56.11%
48.24%
41.94%
36.88%
32.81%
29.47%
26.76%
24.52%
21.21%
17.89%
14.85%
13.03%
11.76%
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(See Note 5)

Time (years)

0.01

10
15
20
25
26
30
40
50
60
70
80
90
100
125
150
200
250
300

Note 4:

Note 5:

(page II-3)
70825.3276
68696.0805
62274.2638
56201.9031
51159.1129
46909.0735
43083.2325
424149311
39741.7253
34165.8551
29705.1059
26117.0133
23235.4527
20873.2444
18954.7764
17365.9444
15019.7875
12673.6306
10516.9307

9226.0803

8331.4641

Total Heat of All Decay of All Linear Heat
CSNF WP (kW)

Percentage All WP
CSNF WP Load
(%) (kW/m)
(page 1I-3) | (page II-2)
100.00% 1.5473
96.99% 1.5008
87.93% 1.3605
79.35% 1.2278
72.23% 1.1177
66.23% 1.0248
60.83% 0.9412
59.89% 0.9266
56.11% 0.8682
48.24% 0.7464
41.94% 0.6490
36.88% 0.5706
32.81% 0.5076
29.47% 0.4560
26.76% 0.4141
24.52% 0.3794
21.21% 0.3281
17.89% 0.2769
14.85% 0.2298
13.03% 0.2016
11.76% 0.1820

(3) Decay of Linear and Volumetric Heat Load

Volumetric
Heat Rate (J/yr-
m~3)

(See Note 4)
2.54E+10
2.46E+10
2.23E+10
2.02E+10
1.83E+10
1.68E+10
1.55E+10
1.52E+10
1.43E+10
1.23E+10
1.07E+10
9.37E+09
8.33E+09
7.49E+09
6.80E+09
6.23E+09
5.39E+09
4.54E+09
3.77E+09
3.31E+09
2.99E+09

Based on Linear heat load values. For example, in year 0.01,

1.5473(kW/m)*[1000(J/s)/KW]*[365*24*60*60(s/yr)]/[(Pi/4)*(1.564 m)~2]

= 2.54E+10

(Ilyr-m"3)

Where 1.564 m is the WP diameter (Section 5.1) used in the calculation.

Values for 25 years were listed to illustrate data interpolation for values of 26 years.
They were not actually used in calculations.
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CONVECTIVE HEAT TRANSFER COEFFICIENTS
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R AT e

Convective Heat Transfer Coefficients

Note:

[nput Parameter - Value Source

Constant (pi), dimensionless 3.141592654 Universal Constant

Emplacement Drift Diameter (D), m 5.5 (Sec. 4.1.9)

Waste Package Diameter (d)}, m 1.564 (Sec. 5.1)

Wetted Perimeter (P}, m 222 P=Pi*(D+d) (See Note below)

Cross Section Area (A), m"2 21.84 A=pil4*(D*2-d*2) (See Note below)

HydraulicDiameter (Dh), m 3.936 Dh=4A/P=D-d {See Note below)

Air Density (rho), kg/m*3 1.0561 (Sec. 4.1.6}

Air Thermal Conductivity (k), W/m-K 0.0261 (Sec. 4.1.6)

Air Specific Heat (Gp), Jikg-K 1005.7 {Sec. 4.1.6)

Air Dynamic Viscosity (mu), kg/m-s 1.8371E-05 {Sec. 4.1.6)

Air Prandtl Number (Pr), dimensionless 0.7079 (Sec. 4,1.6)

Air Flow Rate (Q), m*3/s per drift 10 (Sec.5.4)

Air Flow Velocity (v), m/s 0.46 v=Q/A (See Note below)

Reynolds Number (Re), dimensionless 103617.16 Re=rho*v*Dh/mu (See Note below)

Musselt Number {Nu), dimensionless 206.09 Nu=0.023*Re*0.8"Pr*0.4  (See Note below)

Conv. Heat Transfer Coef. (h), Wim"2-K 1.37 h=k*Nu/Dh (See Note helow)
or h= 4.320E4+07 Jiyr-m*2-K) {See Note below)

Air Flow Rate (Q), m*3/s per drift 15 {Sec. 5.4)

Air Flow Velocity (v}, m/s 0.69 v=CQ/A {See Note below)

Reynolds Number (Re), dimensionless 155425.74 Re=rho*v*Dh/mu (See Note below)

Nusselt Number (Nu), dimensionless 285.06 Nu=0.023"Re*0.8*Pr*0.4 (See Note below)

Conv. Heat Transfer Coef. (h), Wim*2-K 1.89 h=k*Nu/Dh {See Note below)
or h= 5.96E+07 JHyr-m*2-K) {See Note below)

Calculations is based on CRWMS M&O 1998¢. Repository Subsurface Waste Emplacement and Thermal
Loading Management Strategy . BOG000000-01717-0200-00173 REV 00. MOL.19980918.0084, pp.lil-2 to IN-3.
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CONTINUOUS EMPLACEMENT DRIFT COOLING ANALYSIS
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Sheet A Page 1
DRIFT SEGMENT # 1

(0 - 200m)

Air Quantity, Q = 10 m"3/s

Wall Temperature Results from ANSYS Modeling

60 MTU/acre

Drift Wall and Air Temperatures, C

Time, Yr Drift Wall Temperature, C Time After| Ave. Drift| Air Temp
Invert | Springline [ Crown Emplm't, YWall Temg at 100 m
0.00 25.00 25.00 25.00 0.00 25.00 25.00
0.00 27.95 28.45 27.92 0.00 28.10 29.43
1.00 55.68 59.19 55.66 1.00 56.85 33.50
5.00 55.27 58.40 55.24 5.00 56.30 35.83
10.00 53.01 55.87 52.98 10.00 53.95 35.27
15.00 50.67 53.28 50.63 15.00 51.52 34.46
20.00 48.72 51.14 48.69 20.00 49.51 33.72
26.00 46.64 48.84 46.61 26.00 47.36 33.02
30.00 45.44 47.52 45.40 30.00 46.12 32.45
40.00 42.78 44.59 42.75 40.00 43.37 31.78
50.00 40.62 42.20 40.59 50.00 41.14 30.94
60.00 38.81 40.21 38.79 60.00 39.27 30.24
70.00 37.38 38.62 37.36 70.00 37.79 29.67
80.00 36.21 37.34 36.19 80.00 36.58 29.21
90.00 35.26 36.28 35.24 90.00 35.59 28.83
100.00 | 34.45 35.39 34.43 100.00 | 34.76 28.52
125.00 | 33.24 34.05 33.22 125.00 | 33.50 28.16
150.00 | 32.05 32.73 32.03 150.00 | 32.27 27.73
200.00 [ 30.89 31.46 30.87 200.00 | 31.07 27.31
250.00 | 30.19 30.68 30.17 250.00 | 30.35 26.98
300.00 [ 29.70 30.14 29.68 300.00 | 29.84 26.76
Air Temperature and Heat Removal Calculations
Tin = 25 C D.S= 81.00 m WP Dia. = 1.56 Ap= 491 m"2
DriftfL= 600 m P.G.= 0.10 m Drift Dia. =  5.50 Aw= 17.28 m"2
DeltaL= 100 m T.L.= 60.00 MTU/ac Air Dens. = 1.06 kg/m"3
Cv. Coeff. h= 1.37 W/m"2K LL = 1.55 kwW/m ArCp= 1.01 kJ/kg K
Time Step 1 Tain = 25.00 C Taa = 0.5%(Tain+Taout) 0.5*%( 25.00 + 2943 )= 27.22
(0-1e-4 yr) Twout = 28.10 C Twa = 0.5*(Twin+Twout) = 0.5*( 25.00 + 28.10 ) = 26.55
Tpout=  108.97 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 70.00 + 108.97 ) = 89.49
gw= Awxhx{(Twa= 26.55) - Tain= 25.00} = 3.67 kW
gp= Apxhx{(Tpa= 89.49) - Tain= 25.00} = 43.41 kW
Taout=  25.00 + (gqw+gp) 47.08 )/(Q*rho*Cp) 10.62 = 29.43 C g-rm = 40.34
Time Step 2 Tain = 25.00 C Taa = 0.5*(Tain+Taout) 0.5*( 25.00 + 33.50) = 29.25
(1e-4-1yr) Twout = 56.85 C Twa = 0.5*(Twin+Twout) = 0.5%( 28.10 + 56.85) = 42.47
Tpout = 86.45 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 108.97 + 86.45 ) = 97.71
gw= Awxhx{(Twa= 42.47) - Tain= 25.00} = 41.37 kW
gp= Apxhx{(Tpa= 97.71) - Tain= 25.00} = 48.94 kW
Taout = 25.00 + (qw+qp) 90.31 )/(Q*rho*Cp) 10.62 = 33.50 C g-rm = 77.38
Time Step 3 Tain = 25.00 C Taa = 0.5%(Tain+Taout) = 0.5%( 25.00 + 35.83) = 30.41
(2-5yr) Twout = 56.30 C Twa = 0.5*(Twin+Twout) = 0.5*( 56.85 + 56.30 ) = 56.57
Tpout = 83.24 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 86.45 + 83.24 )= 84.84
gw= Awxhx{(Twa= 56.57 ) - Tain= 25.00} = 74.74 kW
gp= Apxhx{(Tpa= 84.84) - Tain= 25.00} = 40.28 kW
Taout = 25.00 + (qw+qgp) 115.02 )/(Q*rho*Cp) 10.62 = 35.83 C g-rm = 98.56
Time Step 4 Tain = 25.00 C Taa = 0.5*(Tain+Taout) 0.5*( 25.00 + 35.27 )= 30.13
(5-10yr) Twout = 5395 C Twa = 0.5*(Twin+Twout) = 0.5%( 56.30 + 53.95) = 55.13
Tpout = 78.83 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 83.24 + 78.83 ) = 81.03
gw= Awxhx{(Twa= 55.13) - Tain= 25.00} = 71.32 kW
gp= Apxhx{(Tpa= 81.03) - Tain= 25.00} = 37.72 kW
Taout = 25.00 + (qw+qp) 109.04 )/(Q*rho*Cp) 10.62 = 35.27 C g-rm = 93.43
Time Step 5 Tain = 25.00 C Taa = 0.5%(Tain+Taout) = 0.5%( 25.00 + 34.46 ) = 29.73
(10-15 yr) Twout = 5152 C Twa = 0.5*(Twin+Twout) = 0.5*( 53.95 + 5152 )= 52.74
Tpout = 74.54 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 78.83 + 74.54 )= 76.68
gw= Awxhx{(Twa= 52.74) - Tain= 25.00} = 65.66 kW
gp= Apxhx{(Tpa= 76.68) - Tain= 25.00} = 34.79 kW
Taout = 25.00 + (qw+qgp) 100.45 )/(Q*rho*Cp) 10.62 = 34.46 C g-rm = 86.08
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Time Step 6 Tain = 25.00 C Taa = 0.5*(Tain+Taout) 0.5*( 25.00 + 33.72) = 29.36
(15-20 yr) Twout = 4951 C Twa = 0.5*(Twin+Twout) = 0.5%( 51.52 + 49.51 )= 50.52
Tpout = 71.03 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 74.54 + 71.03) = 72.79

gw= Awxhx{(Twa= 50.52) - Tain= 25.00} = 60.41 kW

gp= Apxhx{(Tpa= 72.79) - Tain= 25.00} = 32.17 kW
Taout = 25.00 + (qw+qp) 92.58 )/(Q*rho*Cp) 10.62 = 33.72C g-rm = 79.33
Time Step 7 Tain = 25.00 C Taa = 0.5%(Tain+Taout) = 0.5%( 25.00 + 33.02 )= 29.01
(20-26 yr) Twout = 47.36 C Twa = 0.5*(Twin+Twout) = 0.5*( 49.51 + 47.36 ) = 48.44
Tpout = 67.20 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 71.03 + 67.20 ) = 69.12

gw= Awxhx{(Twa= 48.44 ) - Tain= 25.00} = 55.48 kW

gp= Apxhx{(Tpa= 69.12) - Tain= 25.00} = 29.70 kW
Taout = 25.00 + (qw+qgp) 85.18 )/(Q*rho*Cp) 10.62 = 33.02C g-rm 72.99
Time Step 8 Tain = 25.00 C Taa = 0.5*(Tain+Taout) 0.5*( 25.00 + 32.45)= 28.73
(26-30 yr) Twout = 46.12 C Twa = 0.5*(Twin+Twout) = 0.5%( 47.36 + 46.12 ) = 46.74
Tpout = 65.01 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 67.20 + 65.01) = 66.11

gw= Awxhx{(Twa= 46.74) - Tain= 25.00} = 51.46 kW

gp= Apxhx{(Tpa= 66.11) - Tain= 25.00} = 27.67 kW
Taout = 25.00 + (qw+qp) 79.13 )/(Q*rho*Cp) 10.62 = 3245 C g-rm 67.81
Time Step 9 Tain = 25.00 C Taa = 0.5%(Tain+Taout) = 0.5%( 25.00 + 31.78 )= 28.39
(30-40 yr) Twout = 43.37 C Twa = 0.5*(Twin+Twout) = 0.5*( 46.12 + 43.37 )= 44.75
Tpout = 60.03 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 65.01 + 60.03 ) = 62.52

gw= Awxhx{(Twa= 44.75) - Tain= 25.00} = 46.74 KW

gp= Apxhx{(Tpa= 62.52) - Tain= 25.00} = 25.25 kw
Taout = 25.00 + (qw+qgp) 72.00 10.62 = 31.78 C g-rm 61.69
Time Step 10 Tain = 25.00 C Taa = 0.5*(Tain+Taout) = 0.5*( 25.00 + 30.94 )= 27.97
(40-50 yr) Twout = 41.14 C Twa = 0.5*(Twin+Twout) = 0.5%( 43.37 + 41.14 )= 42.26
Tpout = 55.93 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 60.03 + 55.93) = 57.98

gw= Awxhx{(Twa= 42.26) - Tain= 25.00} = 40.85 kW

gp= Apxhx{(Tpa= 57.98) - Tain= 25.00} = 22.20 kW
Taout = 25.00 + (qw+qp) 63.05 )/(Q*rho*Cp) 10.62 = 30.94 C g-rm 54.02
Time Step 11  Tain = 25.00 C Taa = 0.5%(Tain+Taout) = 0.5%( 25.00 + 30.24 )= 27.62
(50-60 yr) Twout = 39.27 C Twa = 0.5*(Twin+Twout) = 0.5*( 41.14 + 39.27 )= 40.20
Tpout = 52.45 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 55.93 + 52.45 )= 54.19

gw= Awxhx{(Twa= 40.20) - Tain= 25.00} = 35.99 kW

gp= Apxhx{(Tpa= 54.19) - Tain= 25.00} = 19.65 kW
Taout = 25.00 + (qw+qgp) 55.64 )/(Q*rho*Cp) 10.62 = 30.24 C g-rm 47.67
Time Step 12  Tain = 25.00 C Taa = 0.5*(Tain+Taout) = 0.5*( 25.00 + 29.67 )= 27.33
(60-70 yr) Twout = 37.79 C Twa = 0.5*(Twin+Twout) = 0.5%( 39.27 + 37.79 )= 38.53
Tpout = 49.67 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 52.45 + 49.67 ) = 51.06

gw= Awxhx{(Twa= 38.53) - Tain= 25.00} = 32.02 kW

gp= Apxhx{(Tpa= 51.06 ) - Tain= 25.00} = 17.54 kW
Taout = 25.00 + (qw+qp) 49.56 )/(Q*rho*Cp) 10.62 = 29.67 C g-rm = 42.47
Time Step 13 Tain = 25.00 C Taa = 0.5%(Tain+Taout) = 0.5%( 25.00 + 29.21)= 27.10
(70-80 yr) Twout = 36.58 C Twa = 0.5*(Twin+Twout) = 0.5*( 37.79 + 36.58 ) = 37.18
Tpout = 4738 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 49.67 + 47.38 ) = 48.53

gw= Awxhx{(Twa= 37.18) - Tain= 25.00} = 28.84 kW

gp= Apxhx{(Tpa= 48.53) - Tain= 25.00} = 15.84 kW
Taout = 25.00 + (qw+qgp) 44.68 )/(Q*rho*Cp) 10.62 = 29.21 C g-rm 38.28
Time Step 14  Tain = 25.00 C Taa = 0.5*(Tain+Taout) = 0.5*( 25.00 + 28.83 )= 26.91
(80-90 yr) Twout = 35.59 C Twa = 0.5*(Twin+Twout) = 0.5%( 36.58 + 35.59 )= 36.09
Tpout = 45.48 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 47.38 + 45.48 ) = 46.43

gw= Awxhx{(Twa= 36.09) - Tain= 25.00} = 26.24 kW

gp= Apxhx{(Tpa= 46.43) - Tain= 25.00} = 14.43 kW
Taout = 25.00 + (qw+qp) 40.67 )/(Q*rho*Cp) 10.62 = 28.83 C g-rm = 34.85
Time Step 15  Tain = 25.00 C Taa = 0.5%(Tain+Taout) = 0.5%( 25.00 + 28.52 )= 26.76
(90-100 yr) Twout = 34.76 C Twa = 0.5*(Twin+Twout) = 0.5*( 35.59 + 34.76 ) = 35.17
Tpout = 43.89 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 45.48 + 43.89 )= 44.69

gw= Awxhx{(Twa= 35.17) - Tain= 25.00} = 24.09 kW

gp= Apxhx{(Tpa= 44.69) - Tain= 25.00} = 13.25 kW
Taout = 25.00 + (qw+qgp) 37.34 )/(Q*rho*Cp) 10.62 = 28.52 C g-rm = 31.99
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Time Step 16  Tain = 25.00 C Taa = 0.5*(Tain+Taout) = 0.5*( 25.00 + 28.16 ) = 26.58
(100-125yr)  Twout = 33.50 C Twa = 0.5*(Twin+Twout) = 0.5%( 34.76 + 33.50 )= 34.13
Tpout = 4150 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 43.89 + 4150 ) = 42.70
gw= Awxhx{(Twa= 34.13) - Tain= 25.00} = 21.62 kW
gp= Apxhx{(Tpa= 42.70) - Tain= 25.00} = 11.91 kW
Taout = 25.00 + (qw+qp) 33.53 )/(Q*rho*Cp) 10.62 = 28.16 C g-rm = 28.73
Time Step 17 Tain = 25.00 C Taa = 0.5%(Tain+Taout) = 0.5%( 25.00 + 2773 )= 26.36
(125-150yr) Twout= 3227 C Twa = 0.5*(Twin+Twout) = 0.5%( 33.50 + 3227 )= 32.88
Tpout= 39.07 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 41.50 + 39.07 )= 40.28
gw= Awxhx{(Twa= 32.88 ) - Tain= 25.00 } = 18.66 kW
gp= Apxhx{(Tpa= 40.28 ) - Tain= 25.00 } = 10.29 kw
Taout= 25.00 + (gqw+gp) 28.95 )/(Q*rho*Cp) 10.62 = 2773 C g-rm= 24.81
Time Step 18 Tain = 25.00 C Taa = 0.5*%(Tain+Taout) = 0.5%( 25.00 + 2731 )= 26.15
(150-200yr) Twout= 31.07 C Twa = 0.5*(Twin+Twout) = 0.5*%( 32.27 + 31.07 )= 31.67
Tpout= 36.79 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 39.07 + 36.79 )= 37.93
gw= Awxhx{(Twa= 3167 ) - Tain= 25.00 } = 15.79 kW
gp= Apxhx{(Tpa= 37.93 ) - Tain= 25.00 } = 8.70 kw
Taout= 25.00 +(gqw+qp) 24.49 )/(Q*rho*Cp) 10.62 = 2731 C g-rm=__ 20.98
Time Step 19 Tain = 25.00 C Taa = 0.5%(Tain+Taout) = 0.5%( 25.00 + 26.98 )= 25.99
(200-250yr) Twout= 30.35 C Twa = 0.5*(Twin+Twout) = 0.5%( 31.07 + 3035 )= 30.71
Tpout= 3540 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 36.79 + 3540 )= 36.09
gw = Awxhx{(Twa= 30.71 ) - Tain= 25.00 } = 13.51 kW
gp= Apxhx{(Tpa= 36.09 ) - Tain= 25.00 } = 7.47  kw
Taout= 25.00 + (gw+gp) 20.98 )/(Q*rho*Cp) 10.62 = 2698 C g-rm=_ 17.98
Time Step20 Tain = 25.00 C Taa = 0.5%(Tain+Taout) = 0.5%( 25.00 + 26.76 )= 25.88
(250-300yr) Twout= 29.84 C Twa = 0.5*(Twin+Twout) = 0.5* 30.35 + 29.84 )= 30.09
Tpout= 3443 C Tpa = 0.5%(Tpin+Tpout) = 0.5*%( 35.40 + 3443 )= 34.91
gw= Awxhx{(Twa= 30.09 ) - Tain= 25.00 } = 12.06 kW
gp= Apxhx{(Tpa= 34.91 ) - Tain= 25.00 } = 6.67 kw
Taout=_25.00 + (qw+qp) 18.73  )/(Q*rho*Cp) 10.62 = 26.76  C g-rm=__ 16.05
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DRIFT SEGMENT # 2

(100-200m)

Air Quantity, Q = 10 m"3/s

Wall Temperatures Results from ANSYS Modeling

60 MTU/acre

Drift Wall and Air Temperatures

Time, Yr Drift Wall Temperature, C Time After| Ave. Drift| Air Temp
Invert | Springline [ Crown Emplm't, YWall Temg at 200 m
0.00 25.00 25.00 25.00 0.00 25.00 25.00
0.00 27.95 28.45 27.92 0.00 28.10 29.43
1.00 61.75 65.20 61.74 1.00 62.90 40.41
5.00 64.42 67.45 64.39 5.00 65.42 45.67
10.00 62.03 64.79 62.00 10.00 62.94 45.11
15.00 59.11 61.63 59.07 15.00 59.94 43.63
20.00 56.58 58.92 56.54 20.00 57.34 42.20
26.00 53.92 56.06 53.88 26.00 54.62 40.85
30.00 52.25 54.28 52.21 30.00 52.91 39.73
40.00 49.01 50.78 48.98 40.00 49.59 38.44
50.00 46.14 47.70 46.11 50.00 46.65 36.82
60.00 43.73 45.10 43.70 60.00 44.18 35.44
70.00 41.80 43.03 41.77 70.00 42.20 34.31
80.00 40.23 41.34 40.20 80.00 40.59 33.40
90.00 38.93 39.94 38.91 90.00 39.26 32.65
100.00 | 37.85 38.77 37.83 100.00 | 38.15 32.02
125.00 | 36.29 37.10 36.27 125.00 | 36.55 31.32
150.00 | 34.71 35.39 34.69 150.00 | 34.93 30.48
200.00 [ 33.16 33.72 33.14 200.00 | 33.34 29.65
250.00 | 32.15 32.64 32.13 250.00 | 32.31 28.99
300.00 | 31.45 31.89 31.43 300.00 | 31.59 28.55
Air Temperature and Heat Removal Calculations
Tin = 25.00 C D.S= 81.00 m WP Dia. = 1.56 Ap = 4.91 m"2
Drift L = 600.00 m P.G.= 0.10 m Drift Dia. = 5.50 Aw = 17.28 m"2
DeltaL = 100.00 m T.L.= 60.00 MTU/ac Air Dens. = 1.06 kg/m"3
Cv. Coeff. h= 1.37 Wm"2 K L.L.= 1.55 kW/m AirCp = 1.01 kJ/kg K
Time Step 1 Tain = 25.00 C Taa = 0.5%(Tain+Taout) 0.5*%( 25.00 + 2943 )= 27.22
(0-1e-4yr)  Twout= 28.10 C Twa = 0.5*(Twin+Twout) = 0.5*( 25.00 + 28.10 ) = 26.55
Tpout = 108.97 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 70.00 + 108.97 ) = 89.49
qw = Awxhx{(Twa= 26.55) - Tain= 25.00} = 3.67 kW
qp = Apxhx{(Tpa= 89.49) - Tain= 25.00} = 43.41 kW
Taout = 25.00 + (qw+qgp) 47.08 )/(Q*rho*Cp) 10.62 = 29.43 C g-rm = 40.34
Time Step 2 Tain = 33,50 C Taa = 0.5*(Tain+Taout) 0.5*( 33.50 + 4041 )= 36.96
(le-4-1yr)  Twout= 62.90 C Twa = 0.5*(Twin+Twout) = 0.5%( 28.10 + 62.90 ) = 45.50
Tpout = 91.72 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 108.97 + 91.72 )= 100.35
qw = Aw x hx{(Twa = 4550) - Tain= 3350} = 28.40 kW
ap = Apxhx{(Tpa= 100.35) - Tain= 3350} = 44.99 kW
Taout = 33.50 + (qw+qp) 73.39 )/(Q*rho*Cp) 10.62 = 4041 C g-rm = 62.89
Time Step 3 Tain = 3583 C Taa = 0.5%(Tain+Taout) = 0.5%( 35.83 + 45.67 ) = 40.75
(2-5yr) Twout = 65.42 C Twa = 0.5*(Twin+Twout) = 0.5*( 62.90 + 65.42 ) = 64.16
Tpout = 91.10 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 91.72 + 91.10 ) = 91.41
qw = Aw xhx{(Twa= 64.16 ) - Tain= 3583} = 67.06 kW
qp = Apxhx{(Tpa= 9141) - Tain= 3583} = 37.41 kW
Taout = 35.83 + (qw+qp) 104.47 )/(Q*rho*Cp) 10.62 = 45.67 C g-rm = 89.52
Time Step 4 Tain = 35.27 C Taa = 0.5*(Tain+Taout) 0.5*( 35.27 + 4511 ) = 40.19
(5-10yr) Twout = 62.94 C Twa = 0.5*(Twin+Twout) = 0.5%( 65.42 + 62.94 )= 64.18
Tpout = 86.61 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 91.10 + 86.61 ) = 88.86
qw = Aw x hx{(Twa = 64.18) - Tain= 3527} = 68.45 kW
qgp = Apxhx{(Tpa= 88.86 ) - Tain= 35.27} = 36.07 kW
Taout = 35.27 + (qw+qp) 104.52 )/(Q*rho*Cp) 10.62 = 45.11 C g-rm = 89.56
Time Step 5 Tain = 34.46 C Taa = 0.5%(Tain+Taout) = 0.5%( 34.46 + 43.63 ) = 39.04
(10-15 yr) Twout = 59.94 C Twa = 0.5*(Twin+Twout) = 0.5*( 62.94 + 59.94 )= 61.44
Tpout = 81.89 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 86.61 + 81.89 )= 84.25
qw = Awxhx{(Twa= 61.44) - Tain= 3446} = 63.87 kW
qp = Apxhx{(Tpa= 84.25) - Tain= 3446} = 33.52 kW
Taout = 34.46 + (qw+qp) 97.39 )/(Q*rho*Cp) 10.62 = 43.63 C g-rm = 83.45
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Time Step 6 Tain = 33.72C Taa = 0.5*(Tain+Taout) 0.5*( 33.72 + 42.20) = 37.96
(15-20 yr) Twout = 57.34 C Twa = 0.5*(Twin+Twout) = 0.5%( 59.94 + 57.34 )= 58.64

Tpout = 7793 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 81.89 + 77.93 )= 79.91

qw = Aw x hx{(Twa = 58.64) - Tain= 33.72} = 59.00 kW

ap = Apxhx{(Tpa= 79.91) - Tain= 33.72} = 31.09 kW

Taout = 33.72 + (qw+qp) 90.10 )/(Q*rho*Cp) 10.62 = 42.20 C g-rm = 77.20
Time Step 7 Tain = 33.02C Taa = 0.5%(Tain+Taout) = 0.5%( 33.02 + 40.85) = 36.93
(20-26 yr) Twout = 54.62 C Twa = 0.5*(Twin+Twout) = 0.5*( 57.34 + 54.62 )= 55.98

Tpout = 73.65 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 77.93 + 73.65) = 75.79

qw = Awxhx{(Twa= 55.98) - Tain= 33.02} = 54.36 kW

qp = Apxhx{(Tpa= 75.79) - Tain= 33.02} = 28.79 kw

Taout = 33.02 + (qw+qgp) 83.15 )/(Q*rho*Cp) 10.62 = 40.85 C g-rm 71.25
Time Step 8 Tain = 3245 C Taa = 0.5*(Tain+Taout) 0.5*( 32.45 + 39.73 ) = 36.09
(26-30 yr) Twout = 5291 C Twa = 0.5*(Twin+Twout) = 0.5%( 54.62 + 5291 )= 53.77

Tpout = 71.07 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 73.65 + 71.07 )= 72.36

qw = Aw x hx{(Twa = 53.77) - Tain= 3245} = 50.46 kW

qgp = Apxhx{(Tpa= 72.36 ) - Tain= 3245} = 26.87 kW

Taout = 32.45 + (qw+qp) 77.33 )/(Q*rho*Cp) 10.62 = 39.73 C g-rm 66.26
Time Step9 Tain = 3178 C Taa = 0.5%(Tain+Taout) = 0.5%( 31.78 + 3844 )= 35.11
(30-40 yr) Twout = 49.59 C Twa = 0.5*(Twin+Twout) = 0.5*( 52.91 + 49.59 ) = 51.25

Tpout = 65.66 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 71.07 + 65.66 ) = 68.36

qw = Aw xhx{(Twa= 51.25) - Tain= 31.78 } = 46.10 kW

qp = Apxhx{(Tpa= 68.36 ) - Tain= 3178} = 24.63 kW

Taout = 31.78 + (qw+qgp) 70.72 )/I(Q*rho*Cp) 10.62 = 38.44 C g-rm 60.60
Time Step 10 Tain = 30.94 C Taa = 0.5*(Tain+Taout) = 0.5*( 30.94 + 36.82 )= 33.88
(40-50 yr) Twout = 46.65 C Twa = 0.5*(Twin+Twout) = 0.5%( 49.59 + 46.65 ) = 48.12

Tpout = 60.97 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 65.66 + 60.97 ) = 63.32

qw = Aw x hx{(Twa = 48.12) - Tain= 3094} = 40.68 kW

qgp = Apxhx{(Tpa= 63.32) - Tain= 3094} = 21.80 kW

Taout = 30.94 + (qw+qp) 62.48 )/(Q*rho*Cp) 10.62 = 36.82 C g-rm 53.54
Time Step 11 Tain = 30.24 C Taa = 0.5%(Tain+Taout) = 0.5%( 30.24 + 3544 )= 32.84
(50-60 yr) Twout = 44.18 C Twa = 0.5*(Twin+Twout) = 0.5*( 46.65 + 44.18 ) = 45.41

Tpout = 56.98 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 60.97 + 56.98 ) = 58.98

qw = Awxhx{(Twa= 45.41) - Tain= 30.24} = 35.93 kW

qp = Apxhx{(Tpa= 58.98) - Tain= 30.24} = 19.34 kW

Taout = 30.24 + (qw+qgp) 55.27 )/(Q*rho*Cp) 10.62 = 35.44 C g-rm 47.36
Time Step 12 Tain = 29.67 C Taa = 0.5*(Tain+Taout) = 0.5*( 29.67 + 3431)= 31.99
(60-70 yr) Twout = 42.20 C Twa = 0.5*(Twin+Twout) = 0.5%( 44.18 + 42.20 ) = 43.19

Tpout = 53.77 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 56.98 + 53.77 ) = 55.37

qw = Aw x hx{(Twa = 43.19) - Tain= 29.67 } = 32.01 kW

ap = Apxhx{(Tpa= 55.37 ) - Tain= 29.67 } = 17.30 kW

Taout = 29.67 + (qw+qp) 49.31 )/(Q*rho*Cp) 10.62 = 3431 C g-rm = 42.25
Time Step 13 Tain = 2921 C Taa = 0.5%(Tain+Taout) = 0.5%( 29.21 + 33.40)= 31.30
(70-80 yr) Twout = 40.59 C Twa = 0.5*(Twin+Twout) = 0.5*( 42.20 + 40.59 ) = 41.39

Tpout = 51.13 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 53.77 + 51.13 )= 52.45

qw = Aw xhx{(Twa= 41.39) - Tain= 2921} = 28.85 kW

qp = Apxhx{(Tpa= 5245) - Tain= 2921} = 15.65 kW

Taout = 29.21 + (qw+qgp) 44.49 )/(Q*rho*Cp) 10.62 = 33.40 C g-rm 38.13
Time Step 14 Tain = 28.83 C Taa = 0.5*(Tain+Taout) = 0.5*( 28.83 + 32.65)= 30.74
(80-90 yr) Twout = 39.26 C Twa = 0.5*(Twin+Twout) = 0.5%( 40.59 + 39.26 ) = 39.92

Tpout = 48.93 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 51.13 + 48.93 ) = 50.03

qw = Aw x hx{(Twa = 39.92) - Tain= 2883} = 26.26 kW

qgp = Apxhx{(Tpa= 50.03) - Tain= 28.83} = 14.27 kW

Taout = 28.83 + (qw+qp) 40.53 )/(Q*rho*Cp) 10.62 = 32.65 C g-rm = 34.73
Time Step 15 Tain = 2852 C Taa = 0.5%(Tain+Taout) = 0.5%( 28.52 + 32.02)= 30.27
(90-100yr)  Twout = 38.15 C Twa = 0.5*(Twin+Twout) = 0.5*( 39.26 + 38.15) = 38.70

Tpout = 47.09 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 48.93 + 47.09 )= 48.01

qw = Awxhx{(Twa= 38.70 ) - Tain= 2852} = 24.12 kW

qp = Apxhx{(Tpa= 48.01) - Tain= 28521} = 13.12 kW

Taout = 28.52 + (qw+qp) 37.24 )/(Q*rho*Cp) 10.62 = 32.02C g-rm = 31.91
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Time Step 16 Tain = 28.16 C Taa = 0.5*(Tain+Taout) = 0.5*( 28.16 + 31.32) = 29.74
(100-125yr) Twout = 36.55 C Twa = 0.5*(Twin+Twout) = 0.5%( 38.15 + 36.55 ) = 37.35
Tpout = 44.40 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 47.09 + 44.40 ) = 45.75
qw = Aw x hx{(Twa = 37.35) - Tain= 28.16 } = 21.77 kW
ap = Apxhx{(Tpa= 45.75) - Tain= 28.16 } = 11.84 kW
Taout = 28.16 + (qw+qp) 33.61 )/(Q*rho*Cp) 10.62 = 3132 C g-rm = 28.80
Time Step 17 Tain = 27.73 C Taa = 0.5%(Tain+Taout) = 0.5%( 27.73 + 3048 )= 29.10
(125-150yr) Twout= 3493 C Twa = 0.5*(Twin+Twout) = 0.5%( 36.55 + 3493 )= 35.74
Tpout= 4162 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 44.40 + 4162 )= 43.01
gw= Awxhx{(Twa= 35.74 ) - Tain= 27.73 } = 18.98 kw
gp= Apxhx{(Tpa= 43.01 ) - Tain= 27.73 } = 10.29 kw
Taout= 27.73 + (qw+gp) 29.27 )/(Q*rho*Cp) 10.62 = 3048 C g-rm=_ 25.08
Time Step 18 Tain = 2731 C Taa = 0.5*%(Tain+Taout) = 0.5%( 27.31 + 29.65 )= 28.48
(150-200yr) Twout= 33.34 C Twa = 0.5*(Twin+Twout) = 0.5%( 34.93 + 3334 )= 34.14
Tpout= 3897 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 41.62 + 3897 )= 40.29
gw= Awxhx{(Twa= 3414 ) - Tain= 27.31 } = 16.17 kW
gp= Apxhx{(Tpa= 40.29 ) - Tain= 27.31 } = 8.74 kw
Taout= 27.31 +(gqw+qp) 24.91 )/(Q*rho*Cp) 10.62 = 2965 C g-rm=_ 2135
Time Step 19 Tain = 2698 C Taa = 0.5%(Tain+Taout) = 0.5%( 26.98 + 2899 )= 27.98
(200-250yr) Twout= 3231 C Twa = 0.5*(Twin+Twout) = 0.5%( 33.34 + 3231 )= 32.82
Tpout= 37.29 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 38.97 + 3729 )= 38.13
gw = Awxhx{(Twa= 32.82 ) - Tain= 26.98 } = 13.84 kW
gp= Apxhx{(Tpa= 3813 ) - Tain= 26.98 } = 751 kw
Taout= 26.98 + (gqw+gp) 21.35 )/(Q*rho*Cp) 10.62 = 2899 C g-rm= 18.30
Time Step20 Tain = 26.76 C Taa = 0.5%(Tain+Taout) = 0.5%( 26.76 + 2855 )= 27.66
(250-300yr) Twout= 3159 C Twa = 0.5*(Twin+Twout) = 0.5% 32.31 + 3159 )= 31.95
Tpout= 36.12 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 37.29 + 36.12 )= 36.71
gw= Awxhx{(Twa= 3195 ) - Tain= 26.76 } = 12.27 kW
gp= Apxhx{(Tpa= 36.71 ) - Tain= 26.76 } = 6.69 kw
Taout=_ 26.76  + (qw+qp) 18.97  )/(Q*rho*Cp) 10.62 = 2855 C g-rm=__ 16.25
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DRIFT SEGMENT # 3

(200-300m)

Air Quantity, Q = 10 m"3/s

60 MTU/acre

Wall Temperature Results from ANSYS Modeling Drift Wall and Air Temperatures, C
Time, Yr Drift Wall Temperature, C Time After| Ave. Drift| Air Temp
Invert | Springline [ Crown Emplm't, Y|wall Temp at 300 m
0.00 25.00 25.00 25.00 0.00 25.00 25.00
0.00 27.95 28.45 27.92 0.00 28.10 29.43
1.00 66.69 70.09 66.67 1.00 67.81 46.03
5.00 72.68 75.61 72.65 5.00 73.65 54.51
10.00 70.63 73.29 70.59 10.00 71.50 54.46
15.00 67.26 69.70 67.22 15.00 68.06 52.49
20.00 64.19 66.46 64.15 20.00 64.94 50.44
26.00 61.00 63.09 60.97 26.00 61.69 48.48
30.00 58.89 60.87 58.85 30.00 59.53 46.84
40.00 55.12 56.85 55.09 40.00 55.68 44.97
50.00 51.60 53.12 51.57 50.00 52.10 42.64
60.00 48.60 49.95 48.57 60.00 49.04 40.61
70.00 46.18 47.39 46.15 70.00 46.57 38.92
80.00 44.21 45.30 44.19 80.00 44.57 37.56
90.00 42.58 43.58 42.56 90.00 42.91 36.45
100.00 | 41.21 42.13 41.20 100.00 | 41.51 35.52
125.00 | 39.34 40.14 39.32 125.00 | 39.60 34.49
150.00 | 37.39 38.06 37.37 150.00 | 37.61 33.26
200.00 [ 35.45 36.01 35.43 200.00 | 35.63 32.03
250.00 | 34.13 34.63 34.12 250.00 | 34.29 31.03
300.00 | 33.22 33.67 33.20 300.00 | 33.36 30.36
Air temperature and Heat Removal Calculations
Tin = 25C D.S= 81 m WP Dia. = 1.564 Ap = 4.91345 m"2
Drift L = 600 m P.G.= 0.1m Drift Dia. = 5.5 Aw = 17.2788 m"2
DeltaL = 100 m T.L.= 60 MTU/ac Air Dens. = 1.0561 kg/m"3
Cv. Coeff. h= 1.37 Wim"2 K L.L.= 1.55 kW/m AirCp = 1.0057 kJ/kg K
Time Step 1 Tain = 25C Taa = 0.5%(Tain+Taout) 0.5*%( 25 + 29.4328 ) = 27.2164
(0-1e-4yr)  Twout=  28.1037 C Twa = 0.5*(Twin+Twout) = 0.5*( 25 + 28.1037 ) = 26.5518
Tpout=  108.972 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 70 + 108.972 ) = 89.486
qw = Aw xhx{(Twa= 26.551833 ) - Tain= 25} = 3.67348 kW
qp = Apxhx{(Tpa= 89.486 ) - Tain= 25} = 43.4083 kW
Taout = 25 + (qw+gp) 47.081769 )/(Q*rho*Cp) 10.6211977 = 29.4328 C g-rm = 40.3432
Time Step 2 Tain = 40.413 C Taa = 0.5*(Tain+Taout) 0.5*( 40.413 + 46.0294 ) = 43.2212
(le-4-1yr)  Twout=  67.8136 C Twa = 0.5*(Twin+Twout) = 0.5%( 28.1037 + 67.8136 ) = 47.9586
Tpout=  96.0203 C Tpa = 0.5*%(Tpin+Tpout) = 0.5%( 108.972 + 96.0203 ) = 102.496
qw = Awxhx{(Twa=  47.958617) - Tain= 40.4129644 } = 17.862 kW
ap = Apxhx{(Tpa= 102.49615 ) - Tain= 40.4129644 } = 41.7908 kW
Taout = 40.413 + (qw+gp) 59.652841 )/(Q*rho*Cp) 10.6211977 = 46.0294 C g-rm = 51.115
Time Step 3 Tain = 45.6659 C Taa = 0.5*%(Tain+Taout) = 0.5%( 45.6659 + 54.5137 ) = 50.0898
(2-5yr) Twout=  73.6461 C Twa = 0.5*(Twin+Twout) = 0.5*( 67.8136 + 73.6461 ) = 70.7299
Tpout=  98.2409 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 96.0203 + 98.2409 ) = 97.1306
qw = Awxhx{(Twa= 70.72985 ) - Tain= 45.6659221 } = 59.3311 kW
qp = Apxhx{(Tpa= 97.1306 ) - Tain= 45.6659221 } = 34.6431 kW
Taout = 45.6659 + (qw+qp) 93.974157 )/(Q*rho*Cp) 10.6211977 = 54.5137 C g-rm = 80.524
Time Step 4 Tain = 45.1067 C Taa = 0.5*(Tain+Taout) 0.5*( 45.1067 + 54.4648 ) = 49.7858
(5-10 yr) Twout=  71.5008 C Twa = 0.5*(Twin+Twout) = 0.5%( 73.6461 + 71.5008 ) = 72.5735
Tpout = 94.1044 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 98.2409 + 94.1044 ) = 96.1727
qw = Awxhx{(Twa= 72573467 ) - Tain=  45.106728 } = 65.019 kW
ap = Apxhx{(Tpa= 96.17265 ) - Tain=  45.106728 } = 34.3747 kW
Taout=_ 45.1067 + (qw+qgp) 99.393647 )/(Q*rho*Cp) 10.6211977 = 54.4648 C g-rm 85.1679
Time Step 5 Tain = 43.6271 C Taa = 0.5*%(Tain+Taout) = 0.5%( 43.6271 + 52.4947 ) = 48.0609
(10-15 yr) Twout=  68.0586 C Twa = 0.5*(Twin+Twout) = 0.5*( 71.5008 + 68.0586 ) = 69.7797
Tpout=  89.0471 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 94.1044 + 89.0471) = 91.5758
qw = Awxhx{(Twa=  69.779683) - Tain= 43.6271006 } = 61.9081 kW
qp = Apxhx{(Tpa= 91.57575) - Tain= 43.6271006 } = 32.2763 kW
Taout = 43.6271 + (qw+qp) 94.184421 )/(Q*rho*Cp) 10.6211977 = 52.4947 C g-rm 80.7042
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Time Step 6 Tain = 42.1989 C Taa = 0.5*(Tain+Taout) 0.5*( 42.1989 + 50.4445 ) = 46.3217
(15-20 yr) Twout=  64.9353 C Twa = 0.5*(Twin+Twout) = 0.5%( 68.0586 + 64.9353 ) = 66.497

Tpout = 84.6638 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 89.0471 + 84.6638 ) = 86.8555

qw = Awxhx{(Twa= 66.49695 ) - Tain= 42.1988961 } = 57.5181 kW

ap = Apxhx{(Tpa= 86.85545 ) - Tain= 42.1988961 } = 30.0602 kW

Taout=_ 42.1989 + (qw+qgp) 87.578348 )/(Q*rho*Cp) 10.6211977 = 50.4445 C g-rm = 75.0436
Time Step 7 Tain = 40.8484 C Taa = 0.5*%(Tain+Taout) = 0.5%( 40.8484 + 48.4831 ) = 44.6657
(20-26 yr) Twout=  61.6866 C Twa = 0.5*(Twin+Twout) = 0.5%( 64.9353 + 61.6866 ) = 63.311

Tpout=  79.9753 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 84.6638 + 79.9753 ) = 82.3196

qw = Awxhx{(Twa=  63.310983) - Tain= 40.8483967 } = 53.1732 kW

qp = Apxhx{(Tpa= 82.31955) - Tain= 40.8483967 } = 27.916 kW

Taout = 40.8484 + (gw+qp) 81.089219 )/(Q*rho*Cp) 10.6211977 = 48.4831 C g-rm = 69.4833
Time Step 8 Tain = 39.7308 C Taa = 0.5*(Tain+Taout) 0.5*( 39.7308 + 46.8412 ) = 43.286
(26-30 yr) Twout=  59.5339 C Twa = 0.5*(Twin+Twout) = 0.5%( 61.6866 + 59.5339 ) = 60.6103

Tpout = 77.0186 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 79.9753 + 77.0186 ) = 78.497

qw = Awxhx{(Twa= 60.61025 ) - Tain= 39.7308063 } = 49.4256 kW

gp = Apxhx{(Tpa= 78.49695 ) - Tain= 39.7308063 } = 26.0951 kW

Taout=_ 39.7308 + (qw+qgp) 75.520761 )/(Q*rho*Cp) 10.6211977 = 46.8412 C g-rm = 64.7118
Time Step 9 Tain = 38.4375 C Taa = 0.5*%(Tain+Taout) = 0.5%( 38.4375 + 449712 ) = 41.7044
(30-40 yr) Twout=  55.6848 C Twa = 0.5*(Twin+Twout) = 0.5*( 59.5339 + 55.6848 ) = 57.6093

Tpout=  71.1996 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 77.0186 + 71.1996 ) = 74.1091

qw = Awxhx{(Twa= 57.609317 ) - Tain= 38.4375451 } = 45.3832 kW

qp = Apxhx{(Tpa= 74.1091) - Tain= 38.4375451} = 24.012 kW

Taout = 38.4375 + (gw+qp) 69.395277 )/(Q*rho*Cp) 10.6211977 = 449712 C g-rm = 59.463
Time Step 10 Tain = 36.8185 C Taa = 0.5*(Tain+Taout) = 0.5*( 36.8185 + 42.6365 ) = 39.7275
(40-50 yr) Twout = 52.095 C Twa = 0.5*(Twin+Twout) = 0.5%( 55.6848 + 52.095 ) = 53.8899

Tpout = 65.9695 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 71.1996 + 65.9695 ) = 68.5846

qw = Awxhx{(Twa=  53.889883) - Tain= 36.8184743} = 40.4113 kw

ap = Apxhx{(Tpa= 68.58455 ) - Tain= 36.8184743 } = 21.3831 kW

Taout=_ 36.8185 + (qw+qgp) 61.794374 )/(Q*rho*Cp) 10.6211977 = 42.6365 C g-rm = 52.95
Time Step 11 Tain = 35.4419 C Taa = 0.5*%(Tain+Taout) = 0.5%( 35.4419 + 40.6052 ) = 38.0236
(50-60 yr) Twout=  49.0374 C Twa = 0.5*(Twin+Twout) = 0.5*( 52.095 + 49.0374 ) = 50.5662

Tpout = 61.478 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 65.9695 + 61.478 ) = 63.7238

qw = Awxhx{(Twa= 50.566217 ) - Tain= 35.4419423 } = 35.802 kW

qp = Apxhx{(Tpa= 63.72375 ) - Tain=_35.4419423} = 19.0377 kW

Taout = 35.4419 + (qw+qp) 54.839727 )/(Q*rho*Cp) 10.6211977 = 40.6052 C g-rm = 46.9908
Time Step 12 Tain = 34.309 C Taa = 0.5*(Tain+Taout) = 0.5*( 34.309 + 38.9236 ) = 36.6163
(60-70 yr) Twout=  46.5723 C Twa = 0.5*(Twin+Twout) = 0.5%( 49.0374 + 46.5723 ) = 47.8049

Tpout = 57.844 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 61.478 + 57.844 ) = 59.661

qw = Awxhx{(Twa=  47.804883) - Tain= 34.3090212 } = 31.9473 kW

ap = Apxhx{(Tpa= 59.661 ) - Tain= 34.3090212 } = 17.0655 kW

Taout = 34.309 + (gqw+qgp) 49.012772)/(Q*rho*Cp)  10.6211977 = 38.9236 C g-rm = 41.9978
Time Step 13 Tain = 33.3957 C Taa = 0.5*%(Tain+Taout) = 0.5%( 33.3957 + 37.5637 ) = 35.4797
(70-80 yr) Twout=  44.5663 C Twa = 0.5*(Twin+Twout) = 0.5*( 46.5723 + 44.5663 ) = 45.5693

Tpout=  54.8584 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 57.844 + 54.8584 ) = 56.3512

qw = Awxhx{(Twa= 45.5693 ) - Tain= 33.3956727 } = 28.8173 kW

qp = Apxhx{(Tpa= 56.3512 ) - Tain= 33.3956727 } = 15.4523 kW

Taout = 33.3957 + (gqw+qp) 44.269637 )/(Q*rho*Cp) 10.6211977 = 37.5637 C g-rm = 37.9335
Time Step 14 Tain = 32.6453 C Taa = 0.5*(Tain+Taout) = 0.5*( 32.6453 + 36.4461 ) = 34.5457
(80-90 yr) Twout=  42.9074 C Twa = 0.5*(Twin+Twout) = 0.5%( 44.5663 + 42.9074 ) = 43.7369

Tpout = 52.3651 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 54.8584 + 52.3651 ) = 53.6118

qw = Awxhx{(Twa= 43.73685 ) - Tain= 32.6452935} = 26.2558 kW

ap = Apxhx{(Tpa= 53.61175) - Tain= 32.6452935 } = 14.1134 kW

Taout=  32.6453 + (qw+qgp) 40.369241 )/(Q*rho*Cp) 10.6211977 = 36.4461 C g-rm = 34.5914
Time Step 15 Tain = 32.0217 C Taa = 0.5*%(Tain+Taout) = 0.5%( 32.0217 + 35.5156 ) = 33.7686
(90-100yr) Twout=  41.5142 C Twa = 0.5*(Twin+Twout) = 0.5*( 42.9074 + 41.5142 ) = 42.2108

Tpout = 50.271 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 52.3651 + 50.271 ) = 51.3181

qw = Awxhx{(Twa= 42.210833 ) - Tain= 32.0217152 } = 24.1196 kW

qp = Apxhx{(Tpa= 51.31805 ) - Tain= 32.0217152 } = 12.9892 kW

Taout = 32.0217 + (gw+qp) 37.108768 )/(Q*rho*Cp) 10.6211977 = 35.5156 C g-rm = 31.7975
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Time Step 16 Tain = 31.3209 C Taa = 0.5*(Tain+Taout) = 0.5*( 31.3209 + 34.4862 ) = 32.9036
(100-125yr) Twout=  39.5995 C Twa = 0.5*(Twin+Twout) = 0.5%( 41.5142 + 39.5995 ) = 40.5569
Tpout = 47.2999 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 50.271 + 47.2999 ) = 48.7855
qw = Awxhx{(Twa=  40.556867 ) - Tain= 31.3209462} = 21.8632 kW
ap = Apxhx{(Tpa= 48.78545 ) - Tain= 31.3209462 } = 11.7561 kW
Taout=  31.3209 + (qw+gp) 33.619284 )/(Q*rho*Cp) 10.6211977 = 3449 C g-rm = 28.8075
Time Step 17 Tain = 3048 C Taa = 0.5%(Tain+Taout) = 0.5%( 30.48 + 3326 )= 31.87
(125-150yr) Twout= 37.61 C Twa = 0.5*(Twin+Twout) = 0.5%( 39.60 + 3761 )= 38.60
Tpout= 4418 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 47.30 + 4418 )= 45.74
gw= Awxhx{(Twa= 38.60 ) - Tain= 30.48 } = 19.23 kwW
gp= Apxhx{(Tpa= 4574 ) - Tain= 30.48 } = 10.27 kW
Taout= 30.48 + (gqw+gp) 29.50 )/(Q*rho*Cp) 10.62 = 3326 C g-rm= 25.28
Time Step 18 Tain = 29.65 C Taa = 0.5*%(Tain+Taout) = 0.5%( 29.65 + 3203 )= 30.84
(150-200yr) Twout= 35.63 C Twa = 0.5*(Twin+Twout) = 0.5% 37.61 + 3563 )= 36.62
Tpout= 4118 C Tpa = 0.5%(Tpin+Tpout) = 0.5* 44.18 + 4118 )= 42.68
gw= Awxhx{(Twa= 36.62 ) - Tain= 29.65 } = 16.50 kW
gp= Apxhx{(Tpa= 42.68 ) - Tain= 29.65 } = 8.77 kw
Taout= 29.65 +(gqw+qp) 25.27 )/(Q*rho*Cp) 10.62 = 3203 C g-rm=__ 21.65
Time Step 19 Tain = 2899 C Taa = 0.5%(Tain+Taout) = 0.5%( 28.99 + 31.03 )= 30.01
(200-250yr) Twout= 3429 C Twa = 0.5*(Twin+Twout) = 0.5%( 35.63 + 3429 )= 34.96
Tpout= 39.21 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 41.18 + 39.21 )= 40.20
gw = Awxhx{(Twa= 34.96 ) - Tain= 28.99 } = 14.15 kW
gp= Apxhx{(Tpa= 4020 ) - Tain= 28.99 } = 7.55 kw
Taout= 28.99 + (gqw+gp) 21.69 )/(Q*rho*Cp) 10.62 = 31.03 C g-rm= 18.59
Time Step20 Tain = 2855 C Taa = 0.5%(Tain+Taout) = 0.5%( 28.55 + 30.36 )= 29.45
(250-300yr) Twout= 3336 C Twa = 0.5*(Twin+Twout) = 0.5%( 34.29 + 3336 )= 33.83
Tpout= 3784 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 39.21 + 3784 )= 38.53
gw= Awxhx{(Twa= 3383 ) - Tain= 28.55 } = 12.50 kw
gp= Apxhx{(Tpa= 38.53 ) - Tain= 28.55 } = 6.72 kw
Taout=28.55 + (qw+qp) 19.21  )/(Q*rho*Cp) 10.62 = 3036 C g-rm=__ 16.46
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DRIFT SEGMENT # 4

(300-400m)

Air Quantity, Q = 10 m"3/s

60 MTU/acre

Wall Temperature Results from ANSYS Modeling Drift Wall and Air Temperatures, C
Time, Yr Drift Wall Temperature, C Time After| Ave. Drift| Air Temp
Invert | Springline [ Crown Emplm't, YWall Temg at 400 m
0.00 25.00 25.00 25.00 0.00 25.00 25.00
0.00 27.95 28.45 27.92 0.00 28.10 29.43
1.00 70.70 74.05 70.68 1.00 71.81 50.59
5.00 80.05 82.90 80.02 5.00 80.99 62.41
10.00 78.76 81.33 78.72 10.00 79.60 63.30
15.00 75.10 77.46 75.06 15.00 75.87 61.04
20.00 71.57 73.77 71.52 20.00 72.29 58.45
26.00 67.89 69.92 67.85 26.00 68.55 55.92
30.00 65.35 67.28 65.31 30.00 65.98 53.78
40.00 61.09 62.78 61.06 40.00 61.64 51.37
50.00 56.98 58.47 56.95 50.00 57.47 48.38
60.00 53.42 54.75 53.40 60.00 53.86 45.72
70.00 50.52 51.71 50.49 70.00 50.91 43.51
80.00 48.15 49.24 48.13 80.00 48.51 41.71
90.00 46.21 47.19 46.19 90.00 46.53 40.23
100.00 44.57 45.48 44.55 100.00 44.87 39.00
125.00 | 42.39 43.18 42.37 125.00 | 42.65 37.65
150.00 | 40.09 40.76 40.07 150.00 | 40.31 36.06
200.00 [ 37.78 38.33 37.76 200.00 | 37.96 34.44
250.00 | 36.15 36.63 36.13 250.00 | 36.30 33.10
300.00 [ 35.02 35.46 35.00 300.00 | 35.16 32.19
Air Temperature and Heat Calculations
Tin = 25.00 C D.S= 81.00 m WP Dia. = 1.56 Ap = 4.91 m"2
Drift L = 600.00 m P.G.= 0.10 m Drift Dia. = 5.50 Aw = 17.28 m"2
DeltaL = 100.00 m T.L.= 60.00 MTU/ac Air Dens. = 1.06 kg/m"3
Cv. Coeff. h= 1.37 Wm"2 K L.L.= 1.55 kW/m AirCp = 1.01 kJ/kg K
Time Step 1 Tain = 25.00 C Taa = 0.5%(Tain+Taout) 0.5*%( 25.00 + 2943 )= 27.22
(0-1e-4yr)  Twout= 28.10 C Twa = 0.5*(Twin+Twout) = 0.5*( 25.00 + 28.10 ) = 26.55
Tpout = 108.97 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 70.00 + 108.97 ) = 89.49
qw = Awxhx{(Twa= 26.55) - Tain= 25.00} = 3.67 kW
qp = Apxhx{(Tpa= 89.49) - Tain= 25.00} = 43.41 kW
Taout = 25.00 + (qw+qgp) 47.08 )/(Q*rho*Cp) 10.62 = 29.43 C g-rm = 40.34
Time Step 2 Tain = 46.03 C Taa = 0.5*(Tain+Taout) 0.5*( 46.03 + 50.59 ) = 48.31
(le-4-1yr)  Twout= 7181 C Twa = 0.5*(Twin+Twout) = 0.5%( 28.10 + 7181)= 49.96
Tpout = 99.53 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 108.97 + 99.53) = 104.25
qw = Aw x hx{(Twa = 49.96 ) - Tain= 46.03 } = 9.30 kW
ap = Apxhx{(Tpa= 104.25) - Tain= 46.03 } = 39.19 kW
Taout = 46.03 + (qw+qp) 48.49 )/(Q*rho*Cp) 10.62 = 50.59 C g-rm = 41.55
Time Step 3 Tain = 5451 C Taa = 0.5%(Tain+Taout) = 0.5%( 5451 + 62.41) = 58.46
(2-5yr) Twout = 80.99 C Twa = 0.5*(Twin+Twout) = 0.5*( 71.81 + 80.99 ) = 76.40
Tpout = 104.69 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 99.53 + 104.69 ) = 102.11
qw = Awxhx{(Twa= 76.40) - Tain= 5451} = 51.81 kW
qp = Apxhx{(Tpa= 102.11) - Tain= 5451} = 32.04 kW
Taout = 54.51 + (qw+qp) 83.85 )/(Q*rho*Cp) 10.62 = 62.41 C g-rm = 71.85
Time Step 4 Tain = 54.46 C Taa = 0.5*(Tain+Taout) 0.5*( 54.46 + 63.30 ) = 58.88
(5-10yr) Twout = 79.60 C Twa = 0.5*(Twin+Twout) = 0.5%( 80.99 + 79.60 ) = 80.30
Tpout = 101.24 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 104.69 + 101.24 ) = 102.96
qw = Aw x hx{(Twa = 80.30) - Tain= 54.46 } = 61.15 kW
ap = Apxhx{(Tpa= 102.96 ) - Tain= 54.46 } = 32.65 kW
Taout = 54.46 + (qw+qp) 93.79 )/(Q*rho*Cp) 10.62 = 63.30 C g-rm = 80.37
Time Step 5 Tain = 5249 C Taa = 0.5%(Tain+Taout) = 0.5%( 52.49 + 61.04 )= 56.77
(10-15 yr) Twout = 75.87 C Twa = 0.5*(Twin+Twout) = 0.5*( 79.60 + 75.87 )= 77.74
Tpout = 95.99 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 101.24 + 95.99 ) = 98.61
qw = Awxhx{(Twa= 77.74) - Tain= 5249} = 59.76 kW
qp = Apxhx{(Tpa= 98.61) - Tain= 5249} = 31.04 kW
Taout = 52.49 + (qw+qp) 90.80 )/(Q*rho*Cp) 10.62 = 61.04 C g-rm = 77.80
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Time Step 6 Tain = 50.44 C Taa = 0.5*(Tain+Taout) 0.5*( 50.44 + 58.45) = 54.45
(15-20 yr) Twout = 7229 C Twa = 0.5*(Twin+Twout) = 0.5%( 75.87 + 72.29 )= 74.08

Tpout = 91.23 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 95.99 + 91.23) = 93.61

qw = Aw x hx{(Twa = 74.08) - Tain= 50.44} = 55.95 kW

ap = Apxhx{(Tpa= 93.61) - Tain= 50.44 } = 29.06 kW

Taout = 50.44 + (qw+qp) 85.01 )/(Q*rho*Cp) 10.62 = 58.45 C g-rm = 72.84
Time Step 7 Tain = 48.48 C Taa = 0.5%(Tain+Taout) = 0.5%( 48.48 + 55.92 )= 52.20
(20-26 yr) Twout = 68.55 C Twa = 0.5*(Twin+Twout) = 0.5*( 72.29 + 68.55 ) = 70.42

Tpout = 86.16 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 91.23 + 86.16 ) = 88.69

qw = Awxhx{(Twa= 70.42) - Tain= 48.48 } = 51.93 kW

qp = Apxhx{(Tpa= 88.69) - Tain= 48.48 } = 27.07 kw

Taout = 48.48 + (qw+qp) 79.00 )/(Q*rho*Cp) 10.62 = 55.92 C g-rm 67.69
Time Step 8 Tain = 46.84 C Taa = 0.5*(Tain+Taout) 0.5*( 46.84 + 53.78 ) = 50.31
(26-30 yr) Twout = 65.98 C Twa = 0.5*(Twin+Twout) = 0.5%( 68.55 + 65.98 ) = 67.27

Tpout = 82.84 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 86.16 + 82.84) = 84.50

qw = Aw x hx{(Twa = 67.27 ) - Tain= 46.84 } = 48.36 kW

qgp = Apxhx{(Tpa= 84.50) - Tain= 46.84 } = 25.35 kW

Taout = 46.84 + (qw+qp) 73.71 )/(Q*rho*Cp) 10.62 = 53.78 C g-rm 63.16
Time Step9 Tain = 4497 C Taa = 0.5%(Tain+Taout) = 0.5%( 4497 + 51.37 )= 48.17
(30-40 yr) Twout = 61.64 C Twa = 0.5*(Twin+Twout) = 0.5*( 65.98 + 61.64 )= 63.81

Tpout = 76.65 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 82.84 + 76.65 ) = 79.74

qw = Aw xhx{(Twa= 63.81) - Tain= 4497 } = 44.60 kW

qp = Apxhx{(Tpa= 79.74) - Tain= 4497 } = 23.41 kW

Taout = 44.97 + (qw+qgp) 68.01 )/(Q*rho*Cp) 10.62 = 5137 C g-rm 58.28
Time Step 10 Tain = 42.64 C Taa = 0.5*(Tain+Taout) = 0.5*( 42.64 + 48.38 ) = 45.51
(40-50 yr) Twout = 57.47 C Twa = 0.5*(Twin+Twout) = 0.5%( 61.64 + 57.47 )= 59.56

Tpout = 70.92 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 76.65 + 70.92 )= 73.78

qw = Aw x hx{(Twa = 59.56 ) - Tain= 42,64} = 40.05 kW

qgp = Apxhx{(Tpa= 73.78 ) - Tain= 4264} = 20.97 kW

Taout = 42.64 + (qw+qp) 61.02 )/(Q*rho*Cp) 10.62 = 48.38 C g-rm 52.28
Time Step 11 Tain = 40.61 C Taa = 0.5%(Tain+Taout) = 0.5%( 40.61 + 4572 ) = 43.16
(50-60 yr) Twout = 53.86 C Twa = 0.5*(Twin+Twout) = 0.5*( 57.47 + 53.86 ) = 55.66

Tpout = 65.95 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 70.92 + 65.95 ) = 68.44

qw = Awxhx{(Twa= 55.66 ) - Tain= 4061} = 35.64 kW

qp = Apxhx{(Tpa= 68.44) - Tain= 40.61} = 18.73 kW

Taout = 40.61 + (qw+qp) 54.38 )/(Q*rho*Cp) 10.62 = 4572 C g-rm 46.59
Time Step 12 Tain = 38.92 C Taa = 0.5*(Tain+Taout) = 0.5*( 38.92 + 4351 )= 41.22
(60-70 yr) Twout = 5091 C Twa = 0.5*(Twin+Twout) = 0.5%( 53.86 + 50.91 )= 52.38

Tpout = 61.90 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 65.95 + 61.90 ) = 63.92

qw = Aw x hx{(Twa = 52.38) - Tain= 3892} = 31.86 kW

ap = Apxhx{(Tpa= 63.92) - Tain= 3892} = 16.83 kW

Taout = 38.92 + (qw+qp) 48.69 )/(Q*rho*Cp) 10.62 = 4351 C g-rm = 41.72
Time Step 13 Tain = 37.56 C Taa = 0.5%(Tain+Taout) = 0.5%( 37.56 + 4171 ) = 39.64
(70-80 yr) Twout = 48.51 C Twa = 0.5*(Twin+Twout) = 0.5*( 50.91 + 48.51 ) = 49.71

Tpout = 58.56 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 61.90 + 58.56 ) = 60.23

qw = Aw xhx{(Twa= 49.71) - Tain= 3756} = 28.75 kW

qp = Apxhx{(Tpa= 60.23) - Tain= 3756} = 15.26 kW

Taout = 37.56 + (qw+qp) 44.00 )/(Q*rho*Cp) 10.62 = 4171 C g-rm 37.71
Time Step 14 Tain = 36.45 C Taa = 0.5*(Tain+Taout) = 0.5*( 36.45 + 40.23 ) = 38.34
(80-90 yr) Twout = 46.53 C Twa = 0.5*(Twin+Twout) = 0.5%( 48.51 + 46.53 ) = 47.52

Tpout = 55.78 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 58.56 + 55.78 ) = 57.17

qw = Aw x hx{(Twa = 4752) - Tain= 36.45} = 26.21 kW

qgp = Apxhx{(Tpa= 57.17) - Tain= 36.45} = 13.95 kW

Taout = 36.45 + (qw+qp) 40.16 )/(Q*rho*Cp) 10.62 = 40.23 C g-rm = 34.41
Time Step 15 Tain = 3552 C Taa = 0.5%(Tain+Taout) = 0.5%( 35.52 + 39.00) = 37.26
(90-100yr)  Twout = 4487 C Twa = 0.5*(Twin+Twout) = 0.5*( 46.53 + 4487 )= 45.70

Tpout = 53.45 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 55.78 + 53.45) = 54.62

qw = Awxhx{(Twa= 45.70 ) - Tain= 3552} = 24.11 kW

qp = Apxhx{(Tpa= 54.62) - Tain= 3552} = 12.86 kW

Taout = 35.52 + (qw+qp) 36.96 )/(Q*rho*Cp) 10.62 = 39.00 C g-rm = 31.67

ANL-EBS-MD-000030 REV 00

IV -12

November 1999



Sheet D Page 3

Time Step 16 Tain = 34.49 C Taa = 0.5*(Tain+Taout) = 0.5*( 34.49 + 37.65)= 36.07
(100-125yr) Twout = 42.65 C Twa = 0.5*(Twin+Twout) = 0.5%( 44.87 + 42.65 )= 43.76
Tpout = 50.21 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 53.45 + 50.21) = 51.83
qw = Aw x hx{(Twa = 43.76 ) - Tain= 3449} = 21.95 kW
ap = Apxhx{(Tpa= 51.83) - Tain= 3449} = 11.67 kW
Taout = 34.49 + (qw+qp) 33.62 )/(Q*rho*Cp) 10.62 = 37.65 C g-rm = 28.81
Time Step 17 Tain = 33.26 C Taa = 0.5%(Tain+Taout) = 0.5%( 33.26 + 36.06 )= 34.66
(125-150yr) Twout= 40.31 C Twa = 0.5*(Twin+Twout) = 0.5%( 42.65 + 4031 )= 41.48
Tpout= 46.77 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 50.21 + 46.77 )= 48.49
gw= Awxhx{(Twa= 41.48 ) - Tain= 33.26 } = 19.45 kW
gp= Apxhx{(Tpa= 4849 ) - Tain= 33.26 } = 10.25 kW
Taout= 33.26 + (gqw+gp) 29.70 )/(Q*rho*Cp) 10.62 = 36.06 C g-rm=_ 25.45
Time Step 18 Tain = 32.03 C Taa = 0.5*%(Tain+Taout) = 0.5%( 32.03 + 34.44 )= 33.24
(150-200yr) Twout= 37.96 C Twa = 0.5*(Twin+Twout) = 0.5* 40.31 + 3796 )= 39.13
Tpout= 4342 C Tpa = 0.5%(Tpin+Tpout) = 0.5* 46.77 + 4342 )= 45.10
gw= Awxhx{(Twa= 39.13 ) - Tain= 32.03 } = 16.81 kW
gp= Apxhx{(Tpa= 45.10 ) - Tain= 32.03 } = 8.80 kw
Taout= 32.03 +(gw+qp) 25.61 )/(Q*rho*Cp) 10.62 = 3444 C g-rm=_ 21.94
Time Step 19 Tain = 31.03 C Taa = 0.5%(Tain+Taout) = 0.5%( 31.03 + 33.10 )= 32.07
(200-250yr) Twout= 36.30 C Twa = 0.5*(Twin+Twout) = 0.5%( 37.96 + 36.30 )= 37.13
Tpout= 4116 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 43.42 + 4116 )= 42.29
gw = Awxhx{(Twa= 37.13 ) - Tain= 31.03 } = 14.44 kW
gp= Apxhx{(Tpa= 4229 ) - Tain= 31.03 } = 7.58 kw
Taout= 31.03 + (gqw+gp) 22.02 )/(Q*rho*Cp) 10.62 = 33.10 C g-rm= 18.87
Time Step20 Tain = 3036 C Taa = 0.5%(Tain+Taout) = 0.5%( 30.36 + 3219 )= 31.27
(250-300yr) Twout= 3516 C Twa = 0.5*(Twin+Twout) = 0.5*%( 36.30 + 3516 )= 35.73
Tpout= 39.58 C Tpa = 0.5%(Tpin+Tpout) = 0.5*%( 41.16 + 3958 )= 40.37
gw= Awxhx{(Twa= 3573 ) - Tain= 30.36 } = 12.72 kW
gp= Apxhx{(Tpa= 40.37 ) - Tain= 30.36 } = 6.74 kw
Taout=30.36  + (qw+qp) 19.46  )/(Q*rho*Cp) 10.62 = 3219 C g-rm=__ 16.67
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DRIFT SEGMENT #5

(400-500m)

Air Quantity, Q = 10 m"3/s

60 MTU/acre

Wall Temperature Results from ANSYS Modeling Drift Wall and Air Temperatures, C
Time, Yr Drift Wall Temperature, C Time After| Ave. Drift| Air Temp
Invert | Springline [ Crown Emplm't, YWall Temg at 500 m
0.00 25.00 25.00 25.00 0.00 25.00 25.00
0.00 27.95 28.45 27.92 0.00 28.10 29.43
1.00 73.88 77.20 73.87 1.00 74.98 54.30
5.00 86.61 89.39 86.58 5.00 87.52 69.40
10.00 86.39 88.89 86.35 10.00 87.21 71.57
15.00 82.63 84.92 82.59 15.00 83.38 69.26
20.00 78.71 80.85 78.67 20.00 79.41 66.21
26.00 74.59 76.56 74.55 26.00 75.23 63.16
30.00 71.65 73.53 71.61 30.00 72.26 60.55
40.00 66.93 68.59 66.90 40.00 67.47 57.64
50.00 62.27 63.74 62.24 50.00 62.75 54.04
60.00 58.18 59.49 58.15 60.00 58.61 50.79
70.00 54.83 56.00 54.80 70.00 55.21 48.06
80.00 52.08 53.15 52.06 80.00 52.43 45.83
90.00 49.81 50.78 49.79 90.00 50.12 43.99
100.00 | 47.91 48.80 47.89 100.00 | 48.20 42.46
125.00 | 45.42 46.21 45.40 125.00 | 45.68 40.81
150.00 | 42.80 43.46 42.78 150.00 | 43.01 38.87
200.00 [ 40.13 40.68 40.11 200.00 | 40.30 36.88
250.00 | 38.18 38.67 38.17 250.00 | 38.34 35.20
300.00 | 36.83 37.27 36.81 300.00 | 36.97 34.04
Air Temperature and Heat Removal Calculations
Tin = 25.00 C D.S= 81.00 m WP Dia. = 1.56 Ap = 4.91 m"2
Drift L = 600.00 m P.G.= 0.10 m Drift Dia. = 5.50 Aw = 17.28 m"2
DeltaL = 100.00 m T.L.= 60.00 MTU/ac Air Dens. = 1.06 kg/m"3
Cv. Coeff. h= 1.37 Wm"2 K L.L.= 1.55 kW/m AirCp = 1.01 kJ/kg K
Time Step 1 Tain = 25.00 C Taa = 0.5%(Tain+Taout) 0.5*%( 25.00 + 2943 )= 27.22
(0-1e-4yr)  Twout= 28.10 C Twa = 0.5*(Twin+Twout) = 0.5*( 25.00 + 28.10 ) = 26.55
Tpout = 108.97 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 70.00 + 108.97 ) = 89.49
qw = Awxhx{(Twa= 26.55) - Tain= 25.00} = 3.67 kW
qp = Apxhx{(Tpa= 89.49) - Tain= 25.00} = 43.41 kW
Taout = 25.00 + (qw+qgp) 47.08 )/(Q*rho*Cp) 10.62 = 29.43 C g-rm = 40.34
Time Step 2 Tain = 50.59 C Taa = 0.5*(Tain+Taout) 0.5*( 50.59 + 54.30) = 52.45
(le-4-1yr)  Twout= 74.98 C Twa = 0.5*(Twin+Twout) = 0.5%( 28.10 + 74.98 ) = 51.54
Tpout = 102.56 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 108.97 + 102.56 ) = 105.77
qw = Aw x hx{(Twa = 5154) - Tain= 50.59 } = 2.25 kW
ap = Apxhx{(Tpa= 105.77 ) - Tain= 50.59 } = 37.14 kW
Taout = 50.59 + (qw+qp) 39.39 )/(Q*rho*Cp) 10.62 = 54.30 C g-rm = 33.75
Time Step 3 Tain = 6241 C Taa = 0.5%(Tain+Taout) = 0.5%( 62.41 + 69.40 ) = 65.91
(2-5yr) Twout = 87.52 C Twa = 0.5*(Twin+Twout) = 0.5*( 74.98 + 87.52 )= 81.25
Tpout = 11048 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 102.56 + 110.48 ) = 106.52
qw = Aw xhx{(Twa= 81.25) - Tain= 6241} = 44.61 kW
qp = Apxhx{(Tpa= 106.52 ) - Tain= 6241} = 29.69 kw
Taout = 62.41 + (qw+qp) 74.31 )/(Q*rho*Cp) 10.62 = 69.40 C g-rm = 63.67
Time Step 4 Tain = 63.30 C Taa = 0.5*(Tain+Taout) 0.5*( 63.30 + 7157 )= 67.43
(5-10yr) Twout = 87.21 C Twa = 0.5*(Twin+Twout) = 0.5%( 87.52 + 87.21)= 87.37
Tpout = 108.00 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 110.48 + 108.00 ) = 109.24
qw = Aw x hx{(Twa = 87.37) - Tain= 63.30 } = 56.98 kW
ap = Apxhx{(Tpa= 109.24 ) - Tain= 63.30 } = 30.93 kW
Taout = 63.30 + (qw+qp) 87.91 )/(Q*rho*Cp) 10.62 = 7157 C g-rm = 75.33
Time Step 5 Tain = 61.04 C Taa = 0.5%(Tain+Taout) = 0.5%( 61.04 + 69.26 ) = 65.15
(10-15 yr) Twout = 83.38 C Twa = 0.5*(Twin+Twout) = 0.5*( 87.21 + 83.38 ) = 85.29
Tpout = 102.70 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 108.00 + 102.70 ) = 105.35
qw = Awxhx{(Twa= 85.29) - Tain= 61.04} = 57.41 kW
qp = Apxhx{(Tpa= 105.35) - Tain= 61.04} = 29.83 kW
Taout = 61.04 + (qw+qgp) 87.23 )/(Q*rho*Cp) 10.62 = 69.26 C g-rm = 74.75

ANL-EBS-MD-000030 REV 00

vV -14

November 1999



Sheet E Page 2

Time Step 6 Tain = 58.45 C Taa = 0.5*(Tain+Taout) 0.5*( 58.45 + 66.21 ) = 62.33
(15-20 yr) Twout = 79.41 C Twa = 0.5*(Twin+Twout) = 0.5%( 83.38 + 79.41 )= 81.40

Tpout = 97.64 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 102.70 + 97.64 ) = 100.17

qw = Aw x hx{(Twa = 81.40) - Tain= 58451} = 54.32 kW

ap = Apxhx{(Tpa= 100.17 ) - Tain= 58.45} = 28.09 kW

Taout = 58.45 + (qw+qp) 82.41 )/(Q*rho*Cp) 10.62 = 66.21 C g-rm = 70.61
Time Step 7 Tain = 55.92 C Taa = 0.5%(Tain+Taout) = 0.5%( 55.92 + 63.16 ) = 59.54
(20-26 yr) Twout = 75.23 C Twa = 0.5*(Twin+Twout) = 0.5*( 79.41 + 75.23 )= 77.32

Tpout = 92.20 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 97.64 + 92.20 ) = 94.92

qw = Awxhx{(Twa= 77.32) - Tain= 5592} = 50.66 kW

qp = Apxhx{(Tpa= 94.92) - Tain= 5592} = 26.25 kW

Taout = 55.92 + (qw+qgp) 76.91 )/(Q*rho*Cp) 10.62 = 63.16 C g-rm = 65.90
Time Step 8 Tain = 53.78 C Taa = 0.5*(Tain+Taout) 0.5*( 53.78 + 60.55 ) = 57.17
(26-30 yr) Twout = 72.26 C Twa = 0.5*(Twin+Twout) = 0.5%( 75.23 + 72.26 ) = 73.75

Tpout = 88.55 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 92.20 + 88.55) = 90.37

qw = Aw x hx{(Twa = 73.75) - Tain= 53.78 } = 47.27 KW

qgp = Apxhx{(Tpa= 90.37 ) - Tain= 53.78 } = 24.63 kW

Taout = 53.78 + (qw+qp) 71.90 )/(Q*rho*Cp) 10.62 = 60.55 C g-rm = 61.61
Time Step9 Tain = 5137 C Taa = 0.5%(Tain+Taout) = 0.5%( 51.37 + 57.64 )= 54.51
(30-40 yr) Twout = 67.47 C Twa = 0.5*(Twin+Twout) = 0.5*( 72.26 + 67.47 )= 69.87

Tpout = 81.99 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 88.55 + 81.99 )= 85.27

qw = Aw xhx{(Twa= 69.87 ) - Tain= 5137} = 43.78 kW

qp = Apxhx{(Tpa= 85.27 ) - Tain= 5137} = 22.82 kW

Taout = 51.37 + (qw+qgp) 66.59 )/(Q*rho*Cp) 10.62 = 57.64 C g-rm = 57.06
Time Step 10 Tain = 48.38 C Taa = 0.5*(Tain+Taout) = 0.5*( 48.38 + 54.04 )= 51.21
(40-50 yr) Twout = 62.75 C Twa = 0.5*(Twin+Twout) = 0.5%( 67.47 + 62.75 ) = 65.11

Tpout = 75.81 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 81.99 + 75.81) = 78.90

qw = Aw x hx{(Twa = 65.11) - Tain= 48.38} = 39.60 kW

qgp = Apxhx{(Tpa= 78.90) - Tain= 48.38 } = 20.54 kW

Taout = 48.38 + (qw+qp) 60.15 )/(Q*rho*Cp) 10.62 = 54.04 C g-rm = 51.54
Time Step 11 Tain = 4572 C Taa = 0.5%(Tain+Taout) = 0.5%( 45.72 + 50.79 ) = 48.26
(50-60 yr) Twout = 58.61 C Twa = 0.5*(Twin+Twout) = 0.5*( 62.75 + 58.61) = 60.68

Tpout = 70.38 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 75.81 + 70.38 ) = 73.09

qw = Awxhx{(Twa= 60.68 ) - Tain= 4572} = 35.40 kW

qp = Apxhx{(Tpa= 73.09) - Tain= 4572} = 18.42 kW

Taout = 45.72 + (qw+qgp) 53.82 )/(Q*rho*Cp) 10.62 = 50.79 C g-rm = 46.12
Time Step 12 Tain = 4351 C Taa = 0.5*(Tain+Taout) = 0.5*( 43.51 + 48.06 ) = 45.78
(60-70 yr) Twout = 55.21 C Twa = 0.5*(Twin+Twout) = 0.5%( 58.61 + 55.21 )= 56.91

Tpout = 65.93 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 70.38 + 65.93 ) = 68.15

qw = Aw x hx{(Twa = 56.91) - Tain= 4351} = 31.73 kW

ap = Apxhx{(Tpa= 68.15) - Tain= 4351} = 16.59 kW

Taout = 43.51 + (qw+qp) 48.32 )/(Q*rho*Cp) 10.62 = 48.06 C g-rm = 41.40
Time Step 13 Tain = 4171 C Taa = 0.5%(Tain+Taout) = 0.5%( 41.71 + 4583 )= 43.77
(70-80 yr) Twout = 5243 C Twa = 0.5*(Twin+Twout) = 0.5*( 55.21 + 5243 )= 53.82

Tpout = 62.25 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 65.93 + 62.25 ) = 64.09

qw = Aw xhx{(Twa= 53.82) - Tain= 4171} = 28.68 kW

qp = Apxhx{(Tpa= 64.09) - Tain= 4171} = 15.07 kW

Taout = 41.71 + (qw+qgp) 43.74 )I(Q*rho*Cp) 10.62 = 45.83 C g-rm = 37.48
Time Step 14 Tain = 40.23 C Taa = 0.5*(Tain+Taout) = 0.5*( 40.23 + 43.99 ) = 42.11
(80-90 yr) Twout = 50.12 C Twa = 0.5*(Twin+Twout) = 0.5%( 52.43 + 50.12 ) = 51.28

Tpout = 59.18 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 62.25 + 59.18 ) = 60.72

qw = Aw x hx{(Twa = 51.28) - Tain= 40.23} = 26.16 kW

qgp = Apxhx{(Tpa= 60.72) - Tain= 40.23} = 13.79 kW

Taout = 40.23 + (qw+qp) 39.95 )/(Q*rho*Cp) 10.62 = 43.99 C g-rm = 34.23
Time Step 15 Tain = 39.00 C Taa = 0.5%(Tain+Taout) = 0.5%( 39.00 + 42.46 ) = 40.73
(90-100yr)  Twout = 48.20 C Twa = 0.5*(Twin+Twout) = 0.5*( 50.12 + 48.20 ) = 49.16

Tpout = 56.61 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 59.18 + 56.61 ) = 57.89

qw = Awxhx{(Twa= 49.16 ) - Tain= 39.00} = 24.06 kW

qp = Apxhx{(Tpa= 57.89) - Tain= 39.00} = 12.72 kW

Taout = 39.00 + (qw+qgp) 36.79 )/(Q*rho*Cp) 10.62 = 42.46 C g-rm = 31.52
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Time Step 16 Tain = 37.65C Taa = 0.5*(Tain+Taout) = 0.5*( 37.65 + 40.81) = 39.23
(100-125yr) Twout = 45.68 C Twa = 0.5*(Twin+Twout) = 0.5%( 48.20 + 45.68 ) = 46.94
Tpout = 53.10 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 56.61 + 53.10 ) = 54.85
qw = Aw x hx{(Twa = 46.94) - Tain= 3765} = 21.98 kW
ap = Apxhx{(Tpa= 54.85) - Tain= 3765} = 11.58 kW
Taout = 37.65 + (qw+qp) 33.56 )/(Q*rho*Cp) 10.62 = 40.81 C g-rm = 28.76
Time Step 17 Tain = 36.06 C Taa = 0.5%(Tain+Taout) = 0.5%( 36.06 + 38.87 )= 37.46
(125-150yr) Twout= 43.01 C Twa = 0.5*(Twin+Twout) = 0.5%( 45.68 + 4301 )= 44.35
Tpout= 4937 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 53.10 + 49.37 )= 51.24
gw= Awxhx{(Twa= 44.35 ) - Tain= 36.06 } = 19.63 kW
gp= Apxhx{(Tpa= 51.24 ) - Tain= 36.06 } = 10.22 kW
Taout= 36.06 + (gqw+gp) 29.84  )/(Q*rho*Cp) 10.62 = 38.87 C g-rm= 25.57
Time Step 18 Tain = 34.44 C Taa = 0.5*%(Tain+Taout) = 0.5%( 34.44 + 36.88 )= 35.66
(150-200yr) Twout= 4030 C Twa = 0.5*(Twin+Twout) = 0.5% 43.01 + 40.30 )= 41.66
Tpout= 4569 C Tpa = 0.5%(Tpin+Tpout) = 0.5*( 49.37 + 4569 )= 47.53
gw= Awxhx{(Twa= 4166 ) - Tain= 34.44 } = 17.09 kw
gp= Apxhx{(Tpa= 47.53 ) - Tain= 34.44 } = 8.81 kw
Taout= 3444 +(gw+qp) 25.90 )/(Q*rho*Cp) 10.62 = 36.88 C g-rm=_ 22.19
Time Step 19 Tain = 33.10 C Taa = 0.5%(Tain+Taout) = 0.5%( 33.10 + 3520 )= 34.15
(200-250yr) Twout= 38.34 C Twa = 0.5*(Twin+Twout) = 0.5%( 40.30 + 3834 )= 39.32
Tpout= 4313 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 45.69 + 4313 )= 44.41
gw = Awxhx{(Twa= 39.32 ) - Tain= 33.10 } = 14.72 kW
gp= Apxhx{(Tpa= 4441 ) - Tain= 33.10 } = 7.61 kw
Taout= 33.10 + (gw+gp) 22.33 )/(Q*rho*Cp) 10.62 = 3520 C g-rm=_ 19.14
Time Step20 Tain = 3219 C Taa = 0.5*%(Tain+Taout) = 0.5% 32.19 + 34.04 )= 33.12
(250-300yr) Twout= 36.97 C Twa = 0.5*(Twin+Twout) = 0.5% 38.34 + 36.97 )= 37.65
Tpout= 4134 C Tpa = 0.5%(Tpin+Tpout) = 0.5* 43.13 + 4134 )= 42.23
gw= Awxhx{(Twa= 3765 ) - Tain= 32.19 } = 12.93 kW
gp= Apxhx{(Tpa= 42.23 ) - Tain= 32.19 } = 6.76 kW
Taout=32.19 + (qw+qp) 19.69  )/(Q*rho*Cp) 10.62 = 3404 C g-rm=__ 16.87
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DRIFT SEGMENT # 6

(500-600m)

Air Quantity, Q = 10 m"3/s

Wall Temperature Results from ANSYS Modeling

60MTU/acre

Drift Wall and Air Temperatures

Time, Yr Drift Wall Temperature, C Time After| Ave. Drift| Air Temp
Invert | Springline [ Crown Emplm't, YWall Temg at 600 m
0.00 25.00 25.00 25.00 0.00 25.00 25.00
0.00 27.95 28.45 27.92 0.00 28.10 29.43
1.00 76.53 79.82 76.51 1.00 77.62 57.32
5.00 92.38 95.10 92.36 5.00 93.28 75.57
10.00 93.49 95.92 93.45 10.00 94.28 79.27
15.00 89.84 92.07 89.80 15.00 90.57 77.11
20.00 85.61 87.69 85.56 20.00 86.29 73.71
26.00 81.09 83.01 81.04 26.00 81.71 70.20
30.00 77.78 79.61 77.73 30.00 78.37 67.15
40.00 72.64 74.26 72.60 40.00 73.17 63.78
50.00 67.48 68.92 67.45 50.00 67.95 59.62
60.00 62.89 64.18 62.86 60.00 63.31 55.80
70.00 59.09 60.25 59.07 70.00 59.47 52.57
80.00 55.97 57.02 55.95 80.00 56.31 49.92
90.00 53.38 54.34 53.36 90.00 53.70 47.73
100.00 | 51.21 52.10 51.19 100.00 | 51.50 45.90
125.00 | 48.45 49.23 48.43 125.00 | 48.70 43.96
150.00 4551 46.17 45.50 150.00 45.73 41.68
200.00 | 42.50 43.05 42.48 200.00 | 42.67 39.34
250.00 | 40.24 40.73 40.23 250.00 | 40.40 37.34
300.00 [ 38.65 39.09 38.64 300.00 | 38.79 35.92
Air Temperature and Heat Removal Calculations
Tin = 25.00 C D.S= 81.00 m WP Dia. = 1.56 Ap = 4.91 m"2
Drift L = 600.00 m P.G.= 0.10 m Drift Dia. = 5.50 Aw = 17.28 m"2
DeltaL = 100.00 m T.L.= 60.00 MTU/ac Air Dens. = 1.06 kg/m"3
Cv. Coeff. h= 1.37 Wm"2 K L.L.= 1.55 kW/m AirCp = 1.01 kJ/kg K
Time Step 1 Tain = 25.00 C Taa = 0.5%(Tain+Taout) 0.5*%( 25.00 + 2943 )= 27.22
(0-1e-4yr)  Twout= 28.10 C Twa = 0.5*(Twin+Twout) = 0.5*( 25.00 + 28.10 ) = 26.55
Tpout = 108.97 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 70.00 + 108.97 ) = 89.49
qw = Awxhx{(Twa= 26.55) - Tain= 25.00} = 3.67 kW
qp = Apxhx{(Tpa= 89.49) - Tain= 25.00} = 43.41 kW
Taout = 25.00 + (qw+qgp) 47.08 )/(Q*rho*Cp) 10.62 = 29.43 C g-rm = 40.34
Time Step 2 Tain = 54.30 C Taa = 0.5*(Tain+Taout) 0.5*( 54.30 + 57.32 )= 55.81
(le-4-1yr)  Twout= 77.62 C Twa = 0.5*(Twin+Twout) = 0.5%( 28.10 + 77.62 )= 52.86
Tpout = 104.88 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 108.97 + 104.88 ) = 106.93
qw = Aw x hx{(Twa = 52.86) - Tain= 5430} = -3.41 kW
ap = Apxhx{(Tpa= 106.93 ) - Tain= 5430} = 35.42 kW
Taout = 54.30 + (qw+qp) 32.01 )/(Q*rho*Cp) 10.62 = 57.32 C g-rm = 27.43
Time Step 3 Tain = 69.40 C Taa = 0.5%(Tain+Taout) = 0.5%( 69.40 + 75.57 )= 72.49
(2-5yr) Twout = 93.28 C Twa = 0.5*(Twin+Twout) = 0.5*( 77.62 + 93.28 ) = 85.45
Tpout = 11557 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 104.88 + 11557 ) = 110.23
qw = Aw xhx{(Twa= 85.45) - Tain= 69.40 } = 37.98 kW
qp = Apxhx{(Tpa= 110.23) - Tain= 69.40 } = 27.48 kW
Taout = 69.40 + (qw+qgp) 65.46 )/(Q*rho*Cp) 10.62 = 75.57 C g-rm = 56.09
Time Step 4 Tain = 7157 C Taa = 0.5*(Tain+Taout) 0.5*( 71.57 + 79.27 )= 75.42
(5-10yr) Twout = 94.28 C Twa = 0.5*(Twin+Twout) = 0.5%( 93.28 + 94.28 ) = 93.78
Tpout = 11435 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 115.57 + 114.35) = 114.96
qw = Aw x hx{(Twa = 93.78) - Tain= 7157} = 52.58 kW
ap = Apxhx{(Tpa= 114.96 ) - Tain= 7157} = 29.20 kW
Taout = 71.57 + (qw+qp) 81.78 )/(Q*rho*Cp) 10.62 = 79.27 C g-rm = 70.08
Time Step 5 Tain = 69.26 C Taa = 0.5%(Tain+Taout) = 0.5%( 69.26 + 77.11) = 73.19
(10-15 yr) Twout = 90.57 C Twa = 0.5*(Twin+Twout) = 0.5*( 94.28 + 90.57 ) = 92.43
Tpout = 109.17 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 114.35 + 109.17 ) = 111.76
qw = Awxhx{(Twa= 92.43) - Tain= 69.26 } = 54.85 kW
qp = Apxhx{(Tpa= 111.76 ) - Tain= 69.26 } = 28.61 kW
Taout = 69.26 + (qw+qp) 83.46 )/(Q*rho*Cp) 10.62 = 7711 C g-rm = 71.51
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Time Step 6 Tain = 66.21 C Taa = 0.5*(Tain+Taout) 0.5*( 66.21 + 73.71) = 69.96
(15-20 yr) Twout = 86.29 C Twa = 0.5*(Twin+Twout) = 0.5%( 90.57 + 86.29 ) = 88.43

Tpout = 103.86 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 109.17 + 103.86 ) = 106.52

qw = Aw x hx{(Twa = 88.43) - Tain= 66.21} = 52.60 kW

ap = Apxhx{(Tpa= 106.52 ) - Tain= 66.21} = 27.13 kW

Taout = 66.21 + (qw+qp) 79.74 )/(Q*rho*Cp) 10.62 = 73.71 C g-rm = 68.32
Time Step 7 Tain = 63.16 C Taa = 0.5%(Tain+Taout) = 0.5%( 63.16 + 70.20 ) = 66.68
(20-26 yr) Twout = 81.71 C Twa = 0.5*(Twin+Twout) = 0.5*( 86.29 + 81.71) = 84.00

Tpout = 98.09 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 103.86 + 98.09 ) = 100.98

qw = Aw xhx{(Twa= 84.00) - Tain= 63.16 } = 49.33 kW

qp = Apxhx{(Tpa= 100.98 ) - Tain= 63.16 } = 25.45 kW

Taout = 63.16 + (qw+qp) 74.79 )/I(Q*rho*Cp) 10.62 = 70.20 C g-rm = 64.08
Time Step 8 Tain = 60.55 C Taa = 0.5*(Tain+Taout) 0.5*( 60.55 + 67.15) = 63.85
(26-30 yr) Twout = 78.37 C Twa = 0.5*(Twin+Twout) = 0.5%( 81.71 + 78.37 )= 80.04

Tpout = 94.12 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 98.09 + 94.12 )= 96.11

qw = Aw x hx{(Twa = 80.04) - Tain= 60.55 } = 46.15 kW

qgp = Apxhx{(Tpa= 96.11) - Tain= 60.55} = 23.93 kW

Taout = 60.55 + (qw+qp) 70.08 )/(Q*rho*Cp) 10.62 = 67.15 C g-rm = 60.05
Time Step9 Tain = 57.64 C Taa = 0.5%(Tain+Taout) = 0.5%( 57.64 + 63.78 ) = 60.71
(30-40 yr) Twout = 73.17 C Twa = 0.5*(Twin+Twout) = 0.5*( 78.37 + 73.17 )= 75.77

Tpout = 87.24 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 94.12 + 87.24 )= 90.68

qw = Aw xhx{(Twa= 75.77) - Tain= 57.64} = 42.91 kW

qp = Apxhx{(Tpa= 90.68 ) - Tain= 5764} = 22.24 kW

Taout = 57.64 + (qw+qgp) 65.15 )/(Q*rho*Cp) 10.62 = 63.78 C g-rm = 55.82
Time Step 10 Tain = 54.04 C Taa = 0.5*(Tain+Taout) = 0.5*( 54.04 + 59.62 )= 56.83
(40-50 yr) Twout = 67.95 C Twa = 0.5*(Twin+Twout) = 0.5%( 73.17 + 67.95 )= 70.56

Tpout = 80.63 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 87.24 + 80.63 ) = 83.94

qw = Aw x hx{(Twa = 70.56 ) - Tain= 54.04} = 39.09 kW

qgp = Apxhx{(Tpa= 83.94) - Tain= 54.04 } = 20.12 kW

Taout = 54.04 + (qw+qp) 59.21 )/(Q*rho*Cp) 10.62 = 59.62 C g-rm = 50.74
Time Step 11 Tain = 50.79 C Taa = 0.5%(Tain+Taout) = 0.5%( 50.79 + 55.80 ) = 53.30
(50-60 yr) Twout = 63.31 C Twa = 0.5*(Twin+Twout) = 0.5*( 67.95 + 63.31) = 65.63

Tpout = 74.77 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 80.63 + 74.77 ) = 77.70

qw = Awxhx{(Twa= 65.63 ) - Tain= 50.79 } = 35.12 kW

qp = Apxhx{(Tpa= 77.70) - Tain= 50.79 } = 18.12 kW

Taout = 50.79 + (qw+qgp) 53.24 )/(Q*rho*Cp) 10.62 = 55.80 C g-rm = 45.62
Time Step 12 Tain = 48.06 C Taa = 0.5*(Tain+Taout) = 0.5*( 48.06 + 5257 )= 50.31
(60-70 yr) Twout = 59.47 C Twa = 0.5*(Twin+Twout) = 0.5%( 63.31 + 59.47 )= 61.39

Tpout = 69.93 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( T4.77 + 69.93 ) = 72.35

qw = Aw x hx{(Twa = 61.39) - Tain= 48.06 } = 31.56 kW

ap = Apxhx{(Tpa= 72.35) - Tain= 48.06 } = 16.35 kW

Taout = 48.06 + (qw+qp) 47.92 )/(Q*rho*Cp) 10.62 = 52.57 C g-rm = 41.06
Time Step 13 Tain = 4583 C Taa = 0.5%(Tain+Taout) = 0.5%( 45.83 + 49.92 )= 47.87
(70-80 yr) Twout = 56.31 C Twa = 0.5*(Twin+Twout) = 0.5*( 59.47 + 56.31) = 57.89

Tpout = 65.92 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 69.93 + 65.92 ) = 67.92

qw = Aw xhx{(Twa= 57.89) - Tain= 4583} = 28.56 kW

qp = Apxhx{(Tpa= 67.92) - Tain= 4583} = 14.88 kW

Taout = 45.83 + (qw+qgp) 43.44 )/(Q*rho*Cp) 10.62 = 49.92 C g-rm = 37.22
Time Step 14 Tain = 43.99 C Taa = 0.5*(Tain+Taout) = 0.5*( 43.99 + 4773 ) = 45.86
(80-90 yr) Twout = 53.70 C Twa = 0.5*(Twin+Twout) = 0.5%( 56.31 + 53.70 ) = 55.00

Tpout = 62.56 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 65.92 + 62.56 ) = 64.24

qw = Aw x hx{(Twa = 55.00) - Tain= 4399} = 26.08 kW

qgp = Apxhx{(Tpa= 64.24) - Tain= 4399} = 13.63 kW

Taout = 43.99 + (qw+qp) 39.71 )/(Q*rho*Cp) 10.62 = 47.73 C g-rm = 34.03
Time Step 15 Tain = 42.46 C Taa = 0.5%(Tain+Taout) = 0.5%( 42.46 + 4590 ) = 44.18
(90-100yr)  Twout = 5150 C Twa = 0.5*(Twin+Twout) = 0.5*( 53.70 + 51.50 ) = 52.60

Tpout = 59.75 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 62.56 + 59.75 ) = 61.15

qw = Awxhx{(Twa= 52.60) - Tain= 4246 } = 24.00 kW

qp = Apxhx{(Tpa= 61.15) - Tain= 4246} = 12.58 kW

Taout = 42.46 + (qw+qp) 36.59 )/(Q*rho*Cp) 10.62 = 45.90 C g-rm = 31.35
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Time Step 16 Tain = 40.81 C Taa = 0.5*(Tain+Taout) = 0.5*( 40.81 + 43.96 ) = 42.39
(100-125yr) Twout = 48.70 C Twa = 0.5*(Twin+Twout) = 0.5%( 51.50 + 48.70 ) = 50.10
Tpout = 55.99 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 59.75 + 55.99 ) = 57.87
qw = Aw x hx{(Twa = 50.10) - Tain= 4081} = 21.99 kW
ap = Apxhx{(Tpa= 57.87) - Tain= 4081} = 11.48 kW
Taout = 40.81 + (qw+qp) 33.48 )/(Q*rho*Cp) 10.62 = 43.96 C g-rm = 28.68
Time Step 17 Tain = 3887 C Taa = 0.5%(Tain+Taout) = 0.5%( 38.87 + 4168 )= 40.28
(125-150yr) Twout= 4573 C Twa = 0.5*(Twin+Twout) = 0.5%( 48.70 + 4573 )= 47.21
Tpout= 5198 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 55.99 + 5198 )= 53.99
gw= Awxhx{(Twa= 47.21 ) - Tain= 38.87 } = 19.76 kW
gp= Apxhx{(Tpa= 5399 ) - Tain= 38.87 } = 10.18 kW
Taout= 38.87 + (gqw+gp) 29.94  )/(Q*rho*Cp) 10.62 = 4168 C g-rm=_ 25.66
Time Step 18 Tain = 36.88 C Taa = 0.5*%(Tain+Taout) = 0.5%( 36.88 + 39.34 )= 38.11
(150-200yr) Twout= 42.67 C Twa = 0.5*(Twin+Twout) = 0.5*( 45.73 + 42.67 )= 44.20
Tpout= 4799 C Tpa = 0.5%(Tpin+Tpout) = 0.5*( 51.98 + 4799 )= 49.98
gw= Awxhx{(Twa= 4420 ) - Tain= 36.88 } = 17.33 kW
gp= Apxhx{(Tpa= 49.98 ) - Tain= 36.88 } = 8.82 kw
Taout= 36.88 +(gqw+qgp) 26.15 )/(Q*rho*Cp) 10.62 = 39.34 C g-rm=_ 2241
Time Step 19 Tain = 3520 C Taa = 0.5%(Tain+Taout) = 0.5%( 35.20 + 3734 )= 36.27
(200-250yr) Twout= 4040 C Twa = 0.5*(Twin+Twout) = 0.5%( 42.67 + 40.40 )= 41.54
Tpout= 4513 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 47.99 + 4513 )= 46.56
gw = Awxhx{(Twa= 4154 ) - Tain= 35.20 } = 14.99 kW
gp= Apxhx{(Tpa= 4656 ) - Tain= 35.20 } = 7.64  kw
Taout= 35.20 + (gqw+gp) 22.63 )/(Q*rho*Cp) 10.62 = 3734 C g-rm= 19.39
Time Step20 Tain = 34.04 C Taa = 0.5*%(Tain+Taout) = 0.5%( 34.04 + 3592 )= 34.98
(250-300yr) Twout= 38.79 C Twa = 0.5*(Twin+Twout) = 0.5*%( 40.40 + 3879 )= 39.60
Tpout= 4311 C Tpa = 0.5%(Tpin+Tpout) = 0.5* 45.13 + 4311 )= 44.12
gw= Awxhx{(Twa= 39.60 ) - Tain= 34.04 } = 13.14 kW
gp= Apxhx{(Tpa= 44.12 ) - Tain= 34.04 } = 6.78 kw
Taout= 34.04 + (qw+qp) 19.93  )/(Q*rho*Cp) 10.62 = 3592 C g-rm=__ 17.07
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DRIFT SEGMENT # 1

(0-100m)

Air Quantity, Q = 15 m"3/s

60 MTU/acre

Wall Temperature Results from ANSYS Modeling Drift Wall and Air Temperatures, C
Time, Yr Drift Wall Temperature, C Time Afterl Ave. drift| Air Temp
Invert | Springline | Crown Emplm't, YWall Temg at 100 m
0.00 25.00 25.00 25.00 0.00 25.00 25.00
0.00 27.93 28.43 27.90 0.00 28.09 29.07
1.00 47.04 50.28 47.02 1.00 48.11 31.66
5.00 46.25 49.16 46.23 5.00 47.21 32.62
10.00 44.53 47.17 44.51 10.00 45.40 32.12
15.00 42.83 45.23 42.80 15.00 43.62 31.53
20.00 41.44 43.66 41.41 20.00 42.17 31.00
26.00 39.95 41.96 39.92 26.00 40.61 30.51
30.00 39.10 40.99 39.07 30.00 39.72 30.11
40.00 37.22 38.86 37.19 40.00 37.76 29.64
50.00 35.70 37.13 35.68 50.00 36.17 29.05
60.00 34.43 35.69 34.41 60.00 34.84 28.56
70.00 33.43 34.55 33.41 70.00 33.80 28.16
80.00 32.63 33.63 32.61 80.00 32.95 27.84
90.00 31.96 32.87 31.94 90.00 32.26 27.58
100.00 | 31.41 32.24 31.39 100.00 | 31.68 27.37
125.00 | 30.57 31.29 30.55 125.00 | 30.81 27.12
150.00 | 29.75 30.36 29.73 150.00 | 29.95 26.83
200.00 [ 28.96 29.47 28.95 200.00 | 29.12 26.54
250.00 | 28.49 28.93 28.47 250.00 | 28.63 26.32
300.00 | 28.16 28.55 28.14 300.00 | 28.28 26.18
Air Temperature and Heat Removal Calculations
Tin = 25C D.S= 81 m WP Dia. = 1.564 Ap = 4.91345 m"2
Drift L = 600 m P.G.= 0.1m Drift Dia. = 5.5 Aw = 17.2788 m"2
DeltaL = 100 m T.L.= 60 MTU/ac Air Dens. = 1.0561 kg/m"3
Cv. Coeff. h= 1.89 W/m"2 K L.L.= 1.55 kW/m AirCp = 1.0057 kJ/kg K
Time Step 1 Tain = 25.00 C Taa = 0.5%(Tain+Taout) 0.5*%( 25.00 + 29.07 ) = 27.03
(0-1e-4yr)  Twout= 28.09 C Twa = 0.5*(Twin+Twout) = 0.5*( 25.00 + 28.09 ) = 26.54
Tpout = 108.79 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 70.00 + 108.79 ) = 89.39
qw = Awxhx{(Twa= 26.54) - Tain= 25.00} = 5.04 kW
qp = Apxhx{(Tpa= 89.39) - Tain= 25.00} = 59.80 kW
Taout = 25.00 + (qw+qgp) 64.84 )/(Q*rho*Cp) 1593 = 29.07 C g-rm = 56.31
Time Step 2 Tain = 25.00 C Taa = 0.5*(Tain+Taout) 0.5*( 25.00 + 31.66 ) = 28.33
(le-4-1yr)  Twout= 48.11 C Twa = 0.5*(Twin+Twout) = 0.5%( 28.09 + 48.11) = 38.10
Tpout = 77.66 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 108.79 + 77.66 ) = 93.22
qw = Aw x hx{(Twa = 38.10) - Tain= 25.00} = 42.78 kW
ap = Apxhx{(Tpa= 93.22) - Tain= 25.00} = 63.35 kW
Taout = 25.00 + (qw+qp) 106.13 )/(Q*rho*Cp) 1593 = 31.66 C g-rm = 92.16
Time Step 3 Tain = 25.00 C Taa = 0.5%(Tain+Taout) = 0.5%( 25.00 + 32.62 )= 28.81
(2-5yr) Twout = 47.21 C Twa = 0.5*(Twin+Twout) = 0.5*( 48.11 + 47.21 )= 47.66
Tpout = 74.26 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 77.66 + 74.26 ) = 75.96
qw = Aw xhx{(Twa= 47.66 ) - Tain= 25.00} = 74.01 kW
qp = Apxhx{(Tpa= 75.96 ) - Tain= 25.00} = 47.32 kW
Taout = 25.00 + (qw+qgp) 121.33 )/(Q*rho*Cp) 1593 = 32.62 C g-rm = 105.36
Time Step 4 Tain = 25.00 C Taa = 0.5*(Tain+Taout) 0.5*( 25.00 + 32.12) = 28.56
(5-10yr) Twout = 4540 C Twa = 0.5*(Twin+Twout) = 0.5%( 47.21 + 4540 )= 46.31
Tpout = 70.30 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 74.26 + 70.30 ) = 72.28
qw = Aw x hx{(Twa = 46.31) - Tain= 25.00} = 69.59 kW
qgp = Apxhx{(Tpa= 72.28) - Tain= 25.00} = 43.90 kW
Taout = 25.00 + (gqw+qp) 113.49 )/(Q*rho*Cp) 1593 = 3212 C g-rm = 98.55
Time Step 5 Tain = 25.00 C Taa = 0.5%(Tain+Taout) = 0.5%( 25.00 + 3153)= 28.27
(10-15 yr) Twout = 43.62 C Twa = 0.5*(Twin+Twout) = 0.5*( 45.40 + 43.62 ) = 4451
Tpout = 66.56 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 70.30 + 66.56 ) = 68.43
qw = Awxhx{(Twa= 4451) - Tain= 25.00} = 63.72 kW
qp = Apxhx{(Tpa= 68.43) - Tain= 25.00} = 40.33 kW
Taout = 25.00 + (qw+qgp) 104.05 )/(Q*rho*Cp) 1593 = 3153 C g-rm = 90.35
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Time Step 6 Tain = 25.00 C Taa = 0.5*(Tain+Taout) 0.5*( 25.00 + 31.00 ) = 28.00
(15-20 yr) Twout = 42.17 C Twa = 0.5*(Twin+Twout) = 0.5%( 43.62 + 42.17 )= 42.90

Tpout = 63.52 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 66.56 + 63.52 )= 65.04

qw = Aw x hx{(Twa = 42.90) - Tain= 25.00} = 58.44 kW

ap = Apxhx{(Tpa= 65.04 ) - Tain= 25.00} = 37.18 kW

Taout = 25.00 + (qw+qp) 95.63 )/(Q*rho*Cp) 1593 = 31.00 C g-rm = 83.04
Time Step 7 Tain = 25.00 C Taa = 0.5%(Tain+Taout) = 0.5%( 25.00 + 30.51) = 27.75
(20-26 yr) Twout = 40.61 C Twa = 0.5*(Twin+Twout) = 0.5*( 42.17 + 40.61 )= 41.39

Tpout = 60.23 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 63.52 + 60.23 ) = 61.88

qw = Awxhx{(Twa= 41.39) - Tain= 25.00} = 53.53 kW

qp = Apxhx{(Tpa= 61.88) - Tain= 25.00} = 34.24 kW

Taout = 25.00 + (qw+qgp) 87.77 )I(Q*rho*Cp) 1593 = 3051 C g-rm 76.22
Time Step 8 Tain = 25.00 C Taa = 0.5*(Tain+Taout) 0.5*( 25.00 + 30.11) = 27.55
(26-30 yr) Twout = 39.72C Twa = 0.5*(Twin+Twout) = 0.5%( 40.61 + 39.72 )= 40.17

Tpout = 58.34 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 60.23 + 58.34 ) = 59.29

qw = Aw x hx{(Twa = 40.17) - Tain= 25.00} = 49.53 kW

qgp = Apxhx{(Tpa= 59.29) - Tain= 25.00} = 31.84 kW

Taout = 25.00 + (qw+qp) 81.37 )/(Q*rho*Cp) 1593 = 30.11 C g-rm 70.66
Time Step9 Tain = 25.00 C Taa = 0.5%(Tain+Taout) = 0.5%( 25.00 + 29.64 )= 27.32
(30-40 yr) Twout = 37.76 C Twa = 0.5*(Twin+Twout) = 0.5*( 39.72 + 37.76 ) = 38.74

Tpout = 54.09 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 58.34 + 54.09 )= 56.22

qw = Aw xhx{(Twa= 38.74) - Tain= 25.00} = 44.87 kW

qp = Apxhx{(Tpa= 56.22) - Tain= 25.00} = 28.99 kw

Taout = 25.00 + (qw+qgp) 73.85 )/(Q*rho*Cp) 1593 = 29.64 C g-rm 64.13
Time Step 10 Tain = 25.00 C Taa = 0.5*(Tain+Taout) = 0.5*( 25.00 + 29.05) = 27.02
(40-50 yr) Twout = 36.17 C Twa = 0.5*(Twin+Twout) = 0.5%( 37.76 + 36.17 ) = 36.96

Tpout = 50.60 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 54.09 + 50.60 ) = 52.34

qw = Aw x hx{(Twa = 36.96 ) - Tain= 25.00} = 39.06 kW

qgp = Apxhx{(Tpa= 52.34) - Tain= 25.00} = 25.39 kW

Taout = 25.00 + (qw+qp) 64.45 )/(Q*rho*Cp) 1593 = 29.05 C g-rm 55.97
Time Step 11 Tain = 25.00 C Taa = 0.5%(Tain+Taout) = 0.5%( 25.00 + 28.56 ) = 26.78
(50-60 yr) Twout = 34.84 C Twa = 0.5*(Twin+Twout) = 0.5*( 36.17 + 3484 )= 35.50

Tpout = 47.65 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 50.60 + 47.65) = 49.13

qw = Awxhx{(Twa= 35.50) - Tain= 25.00} = 34.31 kW

qp = Apxhx{(Tpa= 49.13) - Tain= 25.00} = 22.41 kW

Taout = 25.00 + (qw+qgp) 56.71 )/(Q*rho*Cp) 1593 = 28.56 C g-rm 49.25
Time Step 12 Tain = 25.00 C Taa = 0.5*(Tain+Taout) = 0.5*( 25.00 + 28.16 ) = 26.58
(60-70 yr) Twout = 33.80 C Twa = 0.5*(Twin+Twout) = 0.5%( 34.84 + 33.80 )= 34.32

Tpout = 4531 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 47.65 + 4531 )= 46.48

qw = Aw x hx{(Twa = 34.32) - Tain= 25.00} = 30.44 kW

ap = Apxhx{(Tpa= 46.48 ) - Tain= 25.00} = 19.95 kW

Taout = 25.00 + (qw+qp) 50.39 )/(Q*rho*Cp) 1593 = 28.16 C g-rm = 43.75
Time Step 13 Tain = 25.00 C Taa = 0.5%(Tain+Taout) = 0.5%( 25.00 + 2784 )= 26.42
(70-80 yr) Twout = 3295 C Twa = 0.5*(Twin+Twout) = 0.5*( 33.80 + 32.95)= 33.38

Tpout = 4339 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 45.31 + 43.39 ) = 44.35

qw = Aw xhx{(Twa= 33.38) - Tain= 25.00} = 27.36 kW

qp = Apxhx{(Tpa= 4435) - Tain= 25.00} = 17.97 kW

Taout = 25.00 + (qw+qgp) 45.32 )/(Q*rho*Cp) 1593 = 27.84 C g-rm 39.36
Time Step 14 Tain = 25.00 C Taa = 0.5*(Tain+Taout) = 0.5*( 25.00 + 27.58 )= 26.29
(80-90 yr) Twout = 32.26 C Twa = 0.5*(Twin+Twout) = 0.5%( 32.95 + 32.26 ) = 32.61

Tpout = 41.79 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 43.39 + 41.79 ) = 42.59

qw = Aw x hx{(Twa = 32.61) - Tain= 25.00} = 24.84 kW

qgp = Apxhx{(Tpa= 42.59) - Tain= 25.00} = 16.33 kW

Taout = 25.00 + (qw+qp) 41.18 )/(Q*rho*Cp) 1593 = 27.58 C g-rm = 35.76
Time Step 15 Tain = 25.00 C Taa = 0.5%(Tain+Taout) = 0.5%( 25.00 + 27.37 )= 26.18
(90-100yr)  Twout = 31.68 C Twa = 0.5*(Twin+Twout) = 0.5*( 32.26 + 31.68) = 31.97

Tpout = 40.46 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 41.79 + 40.46 ) = 41.13

qw = Awxhx{(Twa= 31.97) - Tain= 25.00} = 22.76 kW

qp = Apxhx{(Tpa= 41.13) - Tain= 25.00} = 14.98 kW

Taout = 25.00 + (qw+qgp) 37.74 )/(Q*rho*Cp) 1593 = 27.37C g-rm = 32.77
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Time Step 16 Tain = 25.00 C Taa = 0.5*(Tain+Taout) = 0.5*( 25.00 + 27.12 )= 26.06
(100-125yr) Twout = 30.81 C Twa = 0.5*(Twin+Twout) = 0.5%( 31.68 + 30.81 )= 31.24
Tpout = 38.47 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 40.46 + 38.47 )= 39.47
qw = Aw x hx{(Twa = 31.24) - Tain= 25.00} = 20.39 kW
ap = Apxhx{(Tpa= 39.47) - Tain= 25.00} = 13.44 kW
Taout = 25.00 + (qw+qp) 33.83 )/(Q*rho*Cp) 1593 = 2712 C g-rm = 29.37
Time Step 17 Tain = 25.00 C Taa = 0.5%(Tain+Taout) = 0.5%( 25.00 + 26.83 )= 2591
(125-150yr) Twout= 29.95 C Twa = 0.5*(Twin+Twout) = 0.5%( 30.81 + 2995 )= 30.38
Tpout= 36.45 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 38.47 + 36.45 )= 37.46
gw= Awxhx{(Twa= 30.38 ) - Tain= 25.00 } = 17.56 kW
gp= Apxhx{(Tpa= 3746 ) - Tain= 25.00 } = 11.57 kW
Taout= 25.00 + (gqw+gp) 29.13 )/(Q*rho*Cp) 15.93 = 26.83 C g-rm=_ 25.30
Time Step 18 Tain = 25.00 C Taa = 0.5*%(Tain+Taout) = 0.5%( 25.00 + 2654 )= 25.77
(150-200yr) Twout= 29.12 C Twa = 0.5*(Twin+Twout) = 0.5%( 29.95 + 29.12 )= 29.54
Tpout= 3457 C Tpa = 0.5%(Tpin+Tpout) = 0.5*( 36.45 + 3457 )= 35.51
gw= Awxhx{(Twa= 2954 ) - Tain= 25.00 } = 14.81 kW
gp= Apxhx{(Tpa= 35.51 ) - Tain= 25.00 } = 9.76  kw
Taout= 25.00 +(gqw+qp) 24.57 )/(Q*rho*Cp) 15.93 = 2654 C g-rm=_ 21.34
Time Step 19 Tain = 25.00 C Taa = 0.5%(Tain+Taout) = 0.5%( 25.00 + 26.32 )= 25.66
(200-250yr) Twout= 28.63 C Twa = 0.5*(Twin+Twout) = 0.5%( 29.12 + 28.63 )= 28.88
Tpout= 3344 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 34.57 + 3344 )= 34.00
gw = Awxhx{(Twa= 28.88 ) - Tain= 25.00 } = 12.66 kW
gp= Apxhx{(Tpa= 3400 ) - Tain= 25.00 } = 8.36 kw
Taout= 25.00 + (gw+gp) 21.02 )/(Q*rho*Cp) 15.93 = 26.32 C g-rm= 18.25
Time Step20 Tain = 25.00 C Taa = 0.5%(Tain+Taout) = 0.5%( 25.00 + 26.18 )= 25.59
(250-300yr) Twout= 28.28 C Twa = 0.5*(Twin+Twout) = 0.5*%( 28.63 + 2828 )= 28.45
Tpout= 3264 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 33.44 + 3264 )= 33.04
gw= Awxhx{(Twa= 2845 ) - Tain= 25.00 } = 11.28 kW
gp= Apxhx{(Tpa= 33.04 ) - Tain= 25.00 } = 7.46 kW
Taout=_25.00 + (qw+qp) 18.75  )/(Q*rho*Cp) 15.93 = 26.18 C g-rm=__ 16.28
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DRIFT SEGMENT # 2

Drift Temperature Results fron ANSYS Modeling

(100-200m)

Air Quality, Q = 15 m"3/s

Drift Wall and Air Tem

60MTU/acre

peratures, C

Time, Yr Drift Wall Temperature, C Time After| Ave. Drift| Air Temp
Invert | Springline | Crown Emplm't, YWall Temg at 200 m
0.00 25.00 25.00 25.00 0.00 25.00 25.00
0.00 27.93 28.43 27.90 0.00 28.09 29.07
1.00 52.23 55.44 52.21 1.00 53.29 37.23
5.00 53.06 55.91 53.03 5.00 54.00 39.76
10.00 51.06 53.65 51.03 10.00 51.91 39.07
15.00 48.88 51.24 48.85 15.00 49.65 37.95
20.00 47.04 49.21 47.01 20.00 47.75 36.91
26.00 45.11 47.09 45.08 26.00 45.76 35.95
30.00 43.91 45.78 43.88 30.00 44.53 35.15
40.00 41.60 43.22 41.58 40.00 42.13 34.23
50.00 39.56 40.97 39.53 50.00 40.02 33.09
60.00 37.85 39.09 37.83 60.00 38.26 32.12
70.00 36.49 37.59 36.46 70.00 36.85 31.33
80.00 35.38 36.38 35.36 80.00 35.71 30.69
90.00 34.48 35.38 34.46 90.00 34.77 30.17
100.00 | 33.73 34.56 33.71 100.00 | 34.00 29.74
125.00 | 32.65 33.37 32.63 125.00 | 32.88 29.26
150.00 | 31.56 32.16 31.54 150.00 | 31.75 28.68
200.00 [ 30.49 30.99 30.47 200.00 | 30.65 28.11
250.00 [ 29.80 30.24 29.79 250.00 | 29.94 27.66
300.00 | 29.33 29.73 29.32 300.00 | 29.46 27.37
Air Temperature and Heat Removal Calculations
Tin = 25C D.S= 81 m WP Dia. = 1.564 Ap = 4.91345 m"2
Drift L = 600 m P.G.= 0.1m Drift Dia. = 5.5 Aw = 17.2788 m"2
DeltaL = 100 m T.L.= 60 MTU/ac Air Dens. = 1.0561 kg/m"3
Cv. Coeff. h= 1.89 W/m"2 K L.L.= 1.55 kW/m AirCp = 1.0057 kJ/kg K
Time Step 1 Tain = 25.00 C Taa = 0.5%(Tain+Taout) 0.5*%( 25.00 + 29.07 ) = 27.03
(0-1e-4yr)  Twout= 28.09 C Twa = 0.5*(Twin+Twout) = 0.5*( 25.00 + 28.09 ) = 26.54
Tpout = 108.79 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 70.00 + 108.79 ) = 89.39
qw = Awxhx{(Twa= 26.54) - Tain= 25.00} = 5.04 kW
qp = Apxhx{(Tpa= 89.39) - Tain= 25.00} = 59.80 kW
Taout = 25.00 + (qw+qgp) 64.84 )/(Q*rho*Cp) 1593 = 29.07 C g-rm = 56.31
Time Step 2 Tain = 31.66 C Taa = 0.5*(Tain+Taout) 0.5*( 31.66 + 37.23) = 34.45
(le-4-1yr)  Twout= 5329 C Twa = 0.5*(Twin+Twout) = 0.5%( 28.09 + 53.29 )= 40.69
Tpout = 82.20 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 108.79 + 82.20 )= 95.50
qw = Aw x hx{(Twa = 40.69 ) - Tain= 3166} = 29.48 kW
ap = Apxhx{(Tpa= 95.50) - Tain= 3166} = 59.28 kW
Taout = 31.66 + (qw+qp) 88.76 )/(Q*rho*Cp) 1593 = 37.23 C g-rm = 77.08
Time Step 3 Tain = 3262 C Taa = 0.5%(Tain+Taout) = 0.5%( 32.62 + 39.76 ) = 36.19
(2-5yr) Twout = 54.00 C Twa = 0.5*(Twin+Twout) = 0.5*( 53.29 + 54.00 ) = 53.65
Tpout = 80.12 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 82.20 + 80.12 ) = 81.16
qw = Aw xhx{(Twa= 53.65) - Tain= 3262} = 68.68 kW
qp = Apxhx{(Tpa= 81.16) - Tain= 3262} = 45.08 kW
Taout = 32.62 + (qw+qgp) 113.76 )/(Q*rho*Cp) 1593 = 39.76 C g-rm = 98.79
Time Step 4 Tain = 3212 C Taa = 0.5*(Tain+Taout) 0.5*( 32,12 + 39.07 )= 35.60
(5-10yr) Twout = 5191 C Twa = 0.5*(Twin+Twout) = 0.5%( 54.00 + 5191)= 52.96
Tpout = 75.96 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 80.12 + 75.96 ) = 78.04
qw = Aw x hx{(Twa = 52.96) - Tain= 3212} = 68.04 kW
qgp = Apxhx{(Tpa= 78.04) - Tain= 3212} = 42.64 kKW
Taout = 32.12 + (qw+qp) 110.68 )/(Q*rho*Cp) 1593 = 39.07 C g-rm = 96.11
Time Step 5 Tain = 3153 C Taa = 0.5%(Tain+Taout) = 0.5%( 31.53 + 37.95) = 34.74
(10-15 yr) Twout = 49.65 C Twa = 0.5*(Twin+Twout) = 0.5*( 51.91 + 49.65 ) = 50.78
Tpout = 71.86 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 75.96 + 71.86 )= 73.91
qw = Awxhx{(Twa= 50.78 ) - Tain= 3153} = 62.88 kW
qp = Apxhx{(Tpa= 7391) - Tain= 3153} = 39.36 kW
Taout = 31.53 + (qw+qgp) 102.23 )/(Q*rho*Cp) 1593 = 37.95 C g-rm = 88.78
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Time Step 6 Tain = 31.00 C Taa = 0.5*(Tain+Taout) 0.5*( 31.00 + 36.91) = 33.96
(15-20 yr) Twout = 4775 C Twa = 0.5*(Twin+Twout) = 0.5%( 49.65 + 47.75 ) = 48.70

Tpout = 68.46 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 71.86 + 68.46 ) = 70.16

qw = Aw x hx{(Twa = 48.70) - Tain= 31.00} = 57.81 kW

ap = Apxhx{(Tpa= 70.16 ) - Tain= 31.00} = 36.36 kW

Taout = 31.00 + (gqw+qp) 94.17 )/(Q*rho*Cp) 1593 = 36.91 C g-rm = 81.78
Time Step 7 Tain = 3051 C Taa = 0.5%(Tain+Taout) = 0.5%( 30.51 + 35.95) = 33.23
(20-26 yr) Twout = 45.76 C Twa = 0.5*(Twin+Twout) = 0.5*( 47.75 + 45.76 ) = 46.76

Tpout = 64.83 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 68.46 + 64.83 ) = 66.65

qw = Awxhx{(Twa= 46.76 ) - Tain= 3051} = 53.07 kW

qp = Apxhx{(Tpa= 66.65) - Tain= 3051} = 33.56 kW

Taout = 30.51 + (qw+qgp) 86.63 )/(Q*rho*Cp) 1593 = 35.95 C g-rm 75.22
Time Step 8 Tain = 30.11 C Taa = 0.5*(Tain+Taout) 0.5*( 30.11 + 35.15) = 32.63
(26-30 yr) Twout = 4453 C Twa = 0.5*(Twin+Twout) = 0.5%( 45.76 + 44.53 ) = 45.15

Tpout = 62.66 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 64.83 + 62.66 ) = 63.75

qw = Aw x hx{(Twa = 45.15) - Tain= 30.11} = 49.11 kW

qgp = Apxhx{(Tpa= 63.75) - Tain= 30.11} = 31.24 kW

Taout = 30.11 + (gqw+qp) 80.35 )/(Q*rho*Cp) 1593 = 35.15 C g-rm 69.77
Time Step9 Tain = 29.64 C Taa = 0.5%(Tain+Taout) = 0.5%( 29.64 + 34.23 )= 31.93
(30-40 yr) Twout = 42.13 C Twa = 0.5*(Twin+Twout) = 0.5*( 4453 + 42.13 ) = 43.33

Tpout = 58.07 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 62.66 + 58.07 ) = 60.37

qw = Aw xhx{(Twa= 43.33) - Tain= 29.64} = 44.72 KW

qp = Apxhx{(Tpa= 60.37 ) - Tain= 2964} = 28.54 kW

Taout = 29.64 + (qw+qgp) 73.26 )/(Q*rho*Cp) 1593 = 34.23 C g-rm 63.62
Time Step 10 Tain = 29.05 C Taa = 0.5*(Tain+Taout) = 0.5*( 29.05 + 33.09)= 31.07
(40-50 yr) Twout = 40.02 C Twa = 0.5*(Twin+Twout) = 0.5%( 42.13 + 40.02 ) = 41.08

Tpout = 54.15 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 58.07 + 54.15) = 56.11

qw = Aw x hx{(Twa = 41.08) - Tain= 29.05} = 39.29 kW

qgp = Apxhx{(Tpa= 56.11) - Tain= 29.05} = 25.13 kW

Taout = 29.05 + (qw+qp) 64.43 )/(Q*rho*Cp) 1593 = 33.09 C g-rm 55.95
Time Step 11 Tain = 28.56 C Taa = 0.5%(Tain+Taout) = 0.5%( 28.56 + 32.12) = 30.34
(50-60 yr) Twout = 38.26 C Twa = 0.5*(Twin+Twout) = 0.5*( 40.02 + 38.26 ) = 39.14

Tpout = 50.82 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 54.15 + 50.82 ) = 52.48

qw = Awxhx{(Twa= 39.14) - Tain= 28.56 } = 34.55 kW

qp = Apxhx{(Tpa= 52.48) - Tain= 28.56 } = 22.22 kW

Taout = 28.56 + (qw+qp) 56.77 )/I(Q*rho*Cp) 1593 = 3212 C g-rm 49.29
Time Step 12 Tain = 28.16 C Taa = 0.5*(Tain+Taout) = 0.5*( 28.16 + 31.33) = 29.75
(60-70 yr) Twout = 36.85 C Twa = 0.5*(Twin+Twout) = 0.5%( 38.26 + 36.85) = 37.55

Tpout = 48.15 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 50.82 + 48.15 ) = 49.49

qw = Aw x hx{(Twa = 3755) - Tain= 28.16 } = 30.66 kW

ap = Apxhx{(Tpa= 49.49) - Tain= 28.16 } = 19.80 kW

Taout = 28.16 + (qw+qp) 50.46 )/(Q*rho*Cp) 1593 = 3133 C g-rm = 43.82
Time Step 13 Tain = 2784 C Taa = 0.5%(Tain+Taout) = 0.5%( 27.84 + 30.69 ) = 29.27
(70-80 yr) Twout = 35.71C Twa = 0.5*(Twin+Twout) = 0.5*( 36.85 + 35.71) = 36.28

Tpout = 4597 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 48.15 + 4597 )= 47.06

qw = Aw xhx{(Twa= 36.28 ) - Tain= 2784} = 27.54 kW

qp = Apxhx{(Tpa= 47.06 ) - Tain= 2784} = 17.85 kW

Taout = 27.84 + (qw+qgp) 45.39 )/(Q*rho*Cp) 1593 = 30.69 C g-rm 39.41
Time Step 14 Tain = 2758 C Taa = 0.5*(Tain+Taout) = 0.5*( 27.58 + 30.17 ) = 28.88
(80-90 yr) Twout = 34.77 C Twa = 0.5*(Twin+Twout) = 0.5%( 35.71 + 34.77 ) = 35.24

Tpout = 44.17 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 45.97 + 44.17 ) = 45.07

qw = Aw x hx{(Twa = 35.24) - Tain= 2758} = 25.00 kw

qgp = Apxhx{(Tpa= 45.07 ) - Tain= 2758} = 16.24 kW

Taout = 27.58 + (qw+qp) 41.24 )/(Q*rho*Cp) 1593 = 30.17 C g-rm = 35.81
Time Step 15 Tain = 2737 C Taa = 0.5%(Tain+Taout) = 0.5%( 27.37 + 29.74 ) = 28.56
(90-100yr)  Twout = 34.00 C Twa = 0.5*(Twin+Twout) = 0.5*( 34.77 + 34.00 )= 34.38

Tpout = 42.66 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 44.17 + 42.66 ) = 43.41

qw = Awxhx{(Twa= 34.38) - Tain= 2737} = 22.91 kW

qp = Apxhx{(Tpa= 4341) - Tain= 2737} = 14.90 kW

Taout = 27.37 + (qw+qgp) 37.81 )/(Q*rho*Cp) 1593 = 29.74 C g-rm = 32.83
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Time Step 16 Tain = 27.12 C Taa = 0.5*(Tain+Taout) = 0.5*( 27.12 + 29.26 ) = 28.19
(100-125yr) Twout = 32.88 C Twa = 0.5*(Twin+Twout) = 0.5%( 34.00 + 32.88 )= 33.44
Tpout = 40.46 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 42.66 + 40.46 ) = 41.56
qw = Aw x hx{(Twa = 3344) - Tain= 2712} = 20.63 kW
ap = Apxhx{(Tpa= 41.56 ) - Tain= 2712} = 13.41 kW
Taout = 27.12 + (qw+qp) 34.03 )/(Q*rho*Cp) 1593 = 29.26 C g-rm = 29.55
Time Step 17 Tain = 26.83 C Taa = 0.5%(Tain+Taout) = 0.5%( 26.83 + 28.68 )= 27.76
(125-150yr) Twout= 31.75 C Twa = 0.5*(Twin+Twout) = 0.5%( 32.88 + 31.75 )= 32.32
Tpout= 38.19 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 40.46 + 3819 )= 39.32
gw= Awxhx{(Twa= 32.32 ) - Tain= 26.83 } = 17.93 kwW
gp= Apxhx{(Tpa= 3932 ) - Tain= 26.83 } = 11.60 kw
Taout= 26.83 + (gqw+gp) 29.53 )/(Q*rho*Cp) 15.93 = 28.68 C g-rm= 25.64
Time Step 18 Tain = 2654 C Taa = 0.5*%(Tain+Taout) = 0.5%( 26.54 + 28.11 )= 27.33
(150-200yr) Twout= 30.65 C Twa = 0.5*(Twin+Twout) = 0.5* 31.75 + 3065 )= 31.20
Tpout= 36.05 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 38.19 + 36.05 )= 37.12
gw= Awxhx{(Twa= 31.20 ) - Tain= 26.54 } = 15.22 kW
gp= Apxhx{(Tpa= 37.12 ) - Tain= 26.54 } = 9.82 kw
Taout= 26.54 +(gw+qgp) 25.03  )/(Q*rho*Cp) 15.93 = 2811 C g-rm=_ 2174
Time Step 19 Tain = 26.32 C Taa = 0.5%(Tain+Taout) = 0.5%( 26.32 + 2766 )= 26.99
(200-250yr) Twout= 29.94 C Twa = 0.5*(Twin+Twout) = 0.5%( 30.65 + 2994 )= 30.30
Tpout= 3471 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 36.05 + 3471 )= 35.38
gw = Awxhx{(Twa= 30.30 ) - Tain= 26.32 } = 12.99 kw
gp= Apxhx{(Tpa= 3538 ) - Tain= 26.32 } = 8.41 kw
Taout= 26.32 + (gqw+gp) 21.40 )/(Q*rho*Cp) 15.93 = 2766 C g-rm= 18.59
Time Step20 Tain = 26.18 C Taa = 0.5%(Tain+Taout) = 0.5% 26.18 + 27.37 )= 26.77
(250-300yr) Twout= 29.46 C Twa = 0.5*(Twin+Twout) = 0.5%( 29.94 + 29.46 )= 29.70
Tpout= 33.78 C Tpa = 0.5%(Tpin+Tpout) = 0.5*%( 34.71 + 33.78 )= 34.25
gw= Awxhx{(Twa= 29.70 ) - Tain= 26.18 } = 11.51 kW
gp= Apxhx{(Tpa= 34.25 ) - Tain= 26.18 } = 749  kw
Taout=_ 26.18 + (qw+qp) 19.01  )/(Q*rho*Cp) 15.93 = 2737 C g-rm=__ 16.50
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DRIFT SEGMENT # 3

(200-300m)

Air Quantity, Q = 15 m"3/s

Drift Wall Temperature Results from ANSYS Modeling

60 MTU/acre

Drift Wall and Air Temperatures, C

Time, Yr Drift Wall Temperature, C Time After| Ave. Drift| Air Temp
Invert | Springline | Crown Emplm't, YWall Temg at 300 m
0.00 25.00 25.00 25.00 0.00 25.00 25.00
0.00 27.93 28.43 27.90 0.00 28.09 29.07
1.00 56.57 59.75 56.55 1.00 57.62 41.89
5.00 59.40 62.19 59.38 5.00 60.32 46.38
10.00 57.42 59.96 57.39 10.00 58.26 45.81
15.00 54.81 57.13 54.78 15.00 55.57 44.25
20.00 52.54 54.68 52.51 20.00 53.24 42.73
26.00 50.20 52.15 50.17 26.00 50.84 41.31
30.00 48.66 50.50 48.62 30.00 49.26 40.13
40.00 45.94 47.53 45.91 40.00 46.46 38.79
50.00 43.40 44.80 43.38 50.00 43.86 37.12
60.00 41.26 42.49 41.24 60.00 41.66 35.69
70.00 39.54 40.64 39.52 70.00 39.90 34.50
80.00 38.14 39.13 38.12 80.00 38.47 33.55
90.00 37.00 37.90 36.98 90.00 37.29 32.77
100.00 | 36.04 36.87 36.02 100.00 | 36.31 32.12
125.00 | 34.74 35.46 34.72 125.00 | 34.97 31.41
150.00 | 33.38 33.98 33.36 150.00 | 33.57 30.56
200.00 [ 32.04 32.54 32.03 200.00 | 32.20 29.71
250.00 | 31.14 31.57 31.12 250.00 | 31.28 29.03
300.00 [ 30.52 30.92 30.50 300.00 | 30.65 28.58
Air Temperature and Heat Removal Calculations
Tin = 25.00 C D.S= 81.00 m WP Dia. = 1.56 Ap = 4.91 m"2
Drift L = 600.00 m P.G.= 0.10 m Drift Dia. = 5.50 Aw = 17.28 m"2
DeltaL = 100.00 m T.L.= 60.00 MTU/ac Air Dens. = 1.06 kg/m"3
Cv. Coeff. h= 1.89 W/m"2 K L.L.= 1.55 kW/m AirCp = 1.01 kJ/kg K
Time Step 1 Tain = 25.00 C Taa = 0.5%(Tain+Taout) 0.5*%( 25.00 + 29.07 ) = 27.03
(0-1e-4yr)  Twout= 28.09 C Twa = 0.5*(Twin+Twout) = 0.5*( 25.00 + 28.09 ) = 26.54
Tpout = 108.79 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 70.00 + 108.79 ) = 89.39
qw = Awxhx{(Twa= 26.54) - Tain= 25.00} = 5.04 kW
qp = Apxhx{(Tpa= 89.39) - Tain= 25.00} = 59.80 kW
Taout = 25.00 + (qw+qgp) 64.84 )/(Q*rho*Cp) 1593 = 29.07 C g-rm = 56.31
Time Step 2 Tain = 37.23 C Taa = 0.5*(Tain+Taout) 0.5*( 37.23 + 41.89 )= 39.56
(le-4-1yr)  Twout= 57.62 C Twa = 0.5*(Twin+Twout) = 0.5%( 28.09 + 57.62 )= 42.85
Tpout = 86.01 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 108.79 + 86.01) = 97.40
qw = Aw x hx{(Twa = 42.85) - Tain= 3723} = 18.36 kW
ap = Apxhx{(Tpa= 97.40) - Tain= 3723} = 55.87 kW
Taout = 37.23 + (qw+qp) 74.23 )/I(Q*rho*Cp) 1593 = 4189 C g-rm = 64.46
Time Step 3 Tain = 39.76 C Taa = 0.5%(Tain+Taout) = 0.5%( 39.76 + 46.38 ) = 43.07
(2-5yr) Twout = 60.32 C Twa = 0.5*(Twin+Twout) = 0.5*( 57.62 + 60.32 ) = 58.97
Tpout = 85.63 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 86.01 + 85.63 ) = 85.82
qw = Aw xhx{(Twa= 58.97 ) - Tain= 39.76 } = 62.76 kW
qp = Apxhx{(Tpa= 85.82) - Tain= 39.76 } = 42.78 kW
Taout = 39.76 + (qw+qgp) 105.53 )/(Q*rho*Cp) 1593 = 46.38 C g-rm = 91.64
Time Step 4 Tain = 39.07 C Taa = 0.5*(Tain+Taout) 0.5*( 39.07 + 4581 )= 42.44
(5-10yr) Twout = 58.26 C Twa = 0.5*(Twin+Twout) = 0.5%( 60.32 + 58.26 ) = 59.29
Tpout = 81.50 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 85.63 + 81.50 ) = 83.57
qw = Aw x hx{(Twa = 59.29) - Tain= 39.07} = 66.03 kW
qgp = Apxhx{(Tpa= 83.57 ) - Tain= 39.07} = 41.32 kW
Taout = 39.07 + (qw+qp) 107.35 )/(Q*rho*Cp) 1593 = 4581 C g-rm = 93.22
Time Step 5 Tain = 3795 C Taa = 0.5%(Tain+Taout) = 0.5%( 37.95 + 4425 ) = 41.10
(10-15 yr) Twout = 55.57 C Twa = 0.5*(Twin+Twout) = 0.5*( 58.26 + 55.57 ) = 56.92
Tpout = 77.08 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 81.50 + 77.08 )= 79.29
qw = Awxhx{(Twa= 56.92) - Tain= 3795} = 61.94 kW
qp = Apxhx{(Tpa= 79.29) - Tain= 3795} = 38.39 kW
Taout = 37.95 + (qw+qgp) 100.34 )/(Q*rho*Cp) 1593 = 44.25 C g-rm = 87.13
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Time Step 6 Tain = 36.91 C Taa = 0.5*(Tain+Taout) 0.5*( 36.91 + 4273 )= 39.82
(15-20 yr) Twout = 53.24 C Twa = 0.5*(Twin+Twout) = 0.5%( 55.57 + 53.24 )= 54.41

Tpout = 7334 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 77.08 + 73.34) = 75.21

qw = Aw x hx{(Twa = 5441) - Tain= 3691} = 57.13 kW

ap = Apxhx{(Tpa= 75.21) - Tain= 3691} = 35.57 kW

Taout = 36.91 + (qw+qp) 92.70 )/(Q*rho*Cp) 1593 = 42,73 C g-rm = 80.50
Time Step 7 Tain = 3595 C Taa = 0.5%(Tain+Taout) = 0.5%( 35.95 + 4131) = 38.63
(20-26 yr) Twout = 50.84 C Twa = 0.5*(Twin+Twout) = 0.5*( 53.24 + 50.84 ) = 52.04

Tpout = 69.39 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 73.34 + 69.39 ) = 71.37

qw = Awxhx{(Twa= 52.04) - Tain= 3595} = 52.56 kW

qp = Apxhx{(Tpa= 71.37) - Tain= 3595} = 32.89 kw

Taout = 35.95 + (qw+qgp) 85.46 )/(Q*rho*Cp) 1593 = 4131 C g-rm 74.21
Time Step 8 Tain = 35.15 C Taa = 0.5*(Tain+Taout) 0.5*( 35.15 + 40.13 ) = 37.64
(26-30 yr) Twout = 49.26 C Twa = 0.5*(Twin+Twout) = 0.5%( 50.84 + 49.26 ) = 50.05

Tpout = 66.92 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 69.39 + 66.92 ) = 68.16

qw = Aw x hx{(Twa = 50.05) - Tain= 3515} = 48.66 kW

qgp = Apxhx{(Tpa= 68.16 ) - Tain= 35.15} = 30.65 kW

Taout = 35.15 + (qw+qp) 79.31 )/(Q*rho*Cp) 1593 = 40.13 C g-rm 68.87
Time Step9 Tain = 3423 C Taa = 0.5%(Tain+Taout) = 0.5%( 34.23 + 38.79 ) = 36.51
(30-40 yr) Twout = 46.46 C Twa = 0.5*(Twin+Twout) = 0.5*( 49.26 + 46.46 ) = 47.86

Tpout = 62.03 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 66.92 + 62.03 ) = 64.48

qw = Aw xhx{(Twa= 47.86 ) - Tain= 3423} = 44.50 kW

qp = Apxhx{(Tpa= 64.48) - Tain= 3423} = 28.08 kW

Taout = 34.23 + (qw+qgp) 72.58 )/I(Q*rho*Cp) 1593 = 38.79 C g-rm 63.03
Time Step 10 Tain = 33.09 C Taa = 0.5*(Tain+Taout) = 0.5*( 33.09 + 37.12) = 35.11
(40-50 yr) Twout = 43.86 C Twa = 0.5*(Twin+Twout) = 0.5%( 46.46 + 43.86 ) = 45.16

Tpout = 57.69 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 62.03 + 57.69 )= 59.86

qw = Aw x hx{(Twa = 4516 ) - Tain= 33.09} = 39.42 kW

qgp = Apxhx{(Tpa= 59.86 ) - Tain= 33.09} = 24.86 kW

Taout = 33.09 + (qw+qp) 64.28 )/(Q*rho*Cp) 1593 = 3712 C g-rm 55.82
Time Step 11 Tain = 3212 C Taa = 0.5%(Tain+Taout) = 0.5%( 32.12 + 35.69 ) = 33.90
(50-60 yr) Twout = 41.66 C Twa = 0.5*(Twin+Twout) = 0.5*( 43.86 + 41.66 ) = 42.76

Tpout = 53.99 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 57.69 + 53.99 )= 55.84

qw = Awxhx{(Twa= 42.76 ) - Tain= 3212} = 34.74 kW

qp = Apxhx{(Tpa= 55.84) - Tain= 3212} = 22.02 kW

Taout = 32.12 + (qw+qgp) 56.77 )/I(Q*rho*Cp) 1593 = 35.69 C g-rm 49.29
Time Step 12 Tain = 31.33C Taa = 0.5*(Tain+Taout) = 0.5*( 31.33 + 3450 )= 32.92
(60-70 yr) Twout = 39.90 C Twa = 0.5*(Twin+Twout) = 0.5%( 41.66 + 39.90 )= 40.78

Tpout = 51.01 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 53.99 + 51.01)= 52.50

qw = Aw x hx{(Twa = 40.78 ) - Tain= 3133} = 30.86 kW

ap = Apxhx{(Tpa= 52.50) - Tain= 3133} = 19.66 kW

Taout = 31.33 + (qw+qp) 50.52 )/(Q*rho*Cp) 1593 = 34.50 C g-rm = 43.87
Time Step 13 Tain = 30.69 C Taa = 0.5%(Tain+Taout) = 0.5%( 30.69 + 33.55)= 32.12
(70-80 yr) Twout = 38.47 C Twa = 0.5*(Twin+Twout) = 0.5*( 39.90 + 38.47 )= 39.18

Tpout = 48.57 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 51.01 + 48.57 )= 49.79

qw = Aw xhx{(Twa= 39.18) - Tain= 30.69 } = 27.72 kW

qp = Apxhx{(Tpa= 49.79) - Tain= 30.69} = 17.73 kW

Taout = 30.69 + (qw+qgp) 45.46 )/(Q*rho*Cp) 1593 = 3355 C g-rm 39.47
Time Step 14 Tain = 30.17 C Taa = 0.5*(Tain+Taout) = 0.5*( 30.17 + 32.77 )= 31.47
(80-90 yr) Twout = 37.29 C Twa = 0.5*(Twin+Twout) = 0.5%( 38.47 + 37.29 )= 37.88

Tpout = 46.55 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 48.57 + 46.55 ) = 47.56

qw = Aw x hx{(Twa = 37.88) - Tain= 30.17 } = 25.16 kw

qgp = Apxhx{(Tpa= 47.56 ) - Tain= 30.17} = 16.15 kW

Taout = 30.17 + (qw+qp) 41.31 )/(Q*rho*Cp) 1593 = 32.77 C g-rm = 35.87
Time Step 15 Tain = 29.74 C Taa = 0.5%(Tain+Taout) = 0.5%( 29.74 + 32.12) = 30.93
(90-100yr)  Twout = 36.31 C Twa = 0.5*(Twin+Twout) = 0.5*( 37.29 + 36.31) = 36.80

Tpout = 44.86 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 46.55 + 44.86 ) = 45.70

qw = Awxhx{(Twa= 36.80) - Tain= 29.74 '} = 23.05 kW

qp = Apxhx{(Tpa= 45.70) - Tain= 29.74} = 14.82 kW

Taout = 29.74 + (qw+qgp) 37.87 )/(Q*rho*Cp) 1593 = 3212 C g-rm = 32.89
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Time Step 16 Tain = 29.26 C Taa = 0.5*(Tain+Taout) = 0.5*( 29.26 + 31.41)= 30.33
(100-125yr) Twout = 3497 C Twa = 0.5*(Twin+Twout) = 0.5%( 36.31 + 34.97 )= 35.64
Tpout = 42.46 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 44.86 + 42.46 ) = 43.66
qw = Aw x hx{(Twa = 35.64) - Tain= 29.26 } = 20.85 kW
ap = Apxhx{(Tpa= 43.66 ) - Tain= 29.26 } = 13.37 kW
Taout = 29.26 + (qw+qp) 34.22 )/(Q*rho*Cp) 1593 = 3141 C g-rm = 29.71
Time Step 17 Tain = 2868 C Taa = 0.5%(Tain+Taout) = 0.5%( 28.68 + 30.56 )= 29.62
(125-150yr) Twout= 3357 C Twa = 0.5*(Twin+Twout) = 0.5%( 34.97 + 3357 )= 34.27
Tpout= 39.94 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 42.46 + 3994 )= 41.20
gw= Awxhx{(Twa= 34.27 ) - Tain= 28.68 } = 18.26 kW
gp= Apxhx{(Tpa= 4120 ) - Tain= 28.68 } = 11.62 kW
Taout= 28.68 + (gqw+gp) 29.89 )/(Q*rho*Cp) 15.93 = 3056 C g-rm=_ 25.95
Time Step 18 Tain = 28.11 C Taa = 0.5%(Tain+Taout) = 0.5% 28.11 + 29.71 )= 28.91
(150-200yr) Twout= 3220 C Twa = 0.5*(Twin+Twout) = 0.5*%( 33.57 + 3220 )= 32.89
Tpout= 3755 C Tpa = 0.5%(Tpin+Tpout) = 0.5* 39.94 + 3755 )= 38.74
gw= Awxhx{(Twa= 3289 ) - Tain= 28.11 } = 1559 kw
gp= Apxhx{(Tpa= 38.74 ) - Tain= 28.11 } = 9.87 kw
Taout= 28.11 +(gqw+qp) 25.47 )/(Q*rho*Cp) 15.93 = 29.71 C g-rm=_ 2211
Time Step 19 Tain = 2766 C Taa = 0.5%(Tain+Taout) = 0.5%( 27.66 + 29.03 )= 28.35
(200-250yr) Twout= 31.28 C Twa = 0.5*(Twin+Twout) = 0.5%( 32.20 + 3128 )= 31.74
Tpout= 36.00 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 37.55 + 36.00 )= 36.78
gw = Awxhx{(Twa= 3174 ) - Tain= 27.66 } = 13.32 kwW
gp= Apxhx{(Tpa= 36.78 ) - Tain= 27.66 } = 8.46 kw
Taout= 27.66 + (gqw+gp) 21.78 )/(Q*rho*Cp) 15.93 = 29.03 C g-rm= 18.91
Time Step20 Tain = 2737 C Taa = 0.5%(Tain+Taout) = 0.5%( 27.37 + 2858 )= 27.97
(250-300yr) Twout= 30.65 C Twa = 0.5*(Twin+Twout) = 0.5% 31.28 + 3065 )= 30.96
Tpout= 3494 C Tpa = 0.5%(Tpin+Tpout) = 0.5*( 36.00 + 3494 )= 35.47
gw= Awxhx{(Twa= 3096 ) - Tain= 27.37 } = 11.73 kW
gp= Apxhx{(Tpa= 35.47 ) - Tain= 27.37 } = 752 kw
Taout= 27.37  +(qw+qp) 19.26  )/(Q*rho*Cp) 15.93 = 2858 C g-rm=__ 16.72
ANL-EBS-MD-000030 REV 00 IV - 28 November 1999



SheetJ Page 1
DRIFT SEGMENT # 4

(300-400m)

Air Quantity, Q = 15 m"3/s

Drift Wall Temperature Results from ANSIS Modeling

Drift Wall and Air Tem

60 MTU/a

cre

peratures, C

Time Drift Wall Temperatures, C Time After| Ave. Drift| Air Temp
Invert | Springline [ Crown Emplm't, YWall Temg at 400 m
0.00 25.00 25.00 25.00 0.00 25.00 25.00
0.00 27.93 28.43 27.90 0.00 28.09 29.07
1.00 60.20 63.35 60.18 1.00 61.24 45.79
5.00 65.25 67.99 65.23 5.00 66.16 52.47
10.00 63.56 66.04 63.52 10.00 64.37 52.30
15.00 60.62 62.89 60.59 15.00 61.36 50.41
20.00 57.95 60.05 57.91 20.00 58.63 48.45
26.00 55.21 57.13 55.18 26.00 55.84 46.60
30.00 53.33 55.15 53.30 30.00 53.93 45.04
40.00 50.23 51.81 50.20 40.00 50.75 43.30
50.00 47.23 48.62 47.20 50.00 47.68 41.15
60.00 44.67 45.89 44.65 60.00 45.07 39.25
70.00 42.59 43.68 42.57 70.00 42.95 37.67
80.00 40.91 41.89 40.89 80.00 41.23 36.40
90.00 39.52 40.42 39.50 90.00 39.81 35.36
100.00 | 38.36 39.19 38.35 100.00 | 38.63 34.50
125.00 | 36.84 37.55 36.82 125.00 | 37.07 33.57
150.00 | 35.23 35.83 35.21 150.00 | 35.42 32.45
200.00 [ 33.62 34.12 33.61 200.00 | 33.78 31.34
250.00 | 32.50 32.93 32.48 250.00 | 32.64 30.42
300.00 | 31.73 32.12 31.71 300.00 | 31.85 29.80
Air Temperature and Heat Removal Calculations
Tin = 25.00 C D.S= 81.00 m WP Dia. = 1.56 Ap = 4.91 m"2
Drift L = 600.00 m P.G.= 0.10 m Drift Dia. = 5.50 Aw = 17.28 m"2
DeltaL = 100.00 m T.L.= 60.00 MTU/ac Air Dens. = 1.06 kg/m"3
Cv. Coeff. h= 1.89 W/m"2 K L.L.= 1.55 kW/m AirCp = 1.01 kJ/kg K
Time Stepl  Tain = 2500 C Taa = 0.5*%(Tain+Taout) = 0.5%( 25.00 + 29.07 )= 27.03
(0-le-4yr)  Twout= 28.09 C Twa = 0.5*(Twin+Twout) = 0.5%( 25.00 + 28.09 )= 26.54
Tpout= 108.79 C Tpa = 0.5*%(Tpin+Tpout) = 0.5* 70.00 + 108.79 )= 89.39
gw= Awxhx{(Twa= 2654 ) - Tain= 25.00 } = 5.04 kw
gp= Apxhx{(Tpa= 89.39 ) - Tain= 25.00 } = 59.80 kw
Taout= 25.00 + (gqw+gp) 64.84  )/(Q*rho*Cp) 15.93 = 29.07 C g-rm=_ 56.31
Time Step2  Tain = 4189 C Taa = 0.5*%(Tain+Taout) = 0.5%( 41.89 + 4579 )= 43.84
(le-4-1yr)  Twout= 6124 C Twa = 0.5%(Twin+Twout) = 0.5%( 28.09 + 6124 )= 44.66
Tpout= 89.21 C Tpa = 0.5*%(Tpin+Tpout) = 0.5%( 108.79 + 89.21 )= 99.00
gw= Awxhx{(Twa= 4466 ) - Tain= 41.89 } = 9.05 kw
gp= Apxhx{(Tpa= 99.00 ) - Tain= 41.89 } = 53.03 kW
Taout= 41.89 +(gw+qp) 62.08 )/(Q*rho*Cp) 15.93 = 4579 C g-rm=__ 53.91
Time Step3  Tain = 46.38 C Taa = 0.5%(Tain+Taout) = 0.5%( 46.38 + 5247 )= 49.43
(1-5yr) Twout= 66.16 C Twa = 0.5*(Twin+Twout) = 0.5%( 61.24 + 66.16 )= 63.70
Tpout= 90.74 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 89.21 + 90.74 )= 89.97
gw = Awxhx{(Twa= 63.70 ) - Tain= 46.38 } = 56.56 kW
gp= Apxhx{(Tpa= 89.97 ) - Tain= 46.38 } = 40.48 kw
Taout= 46.38 + (gqw+gp) 97.04  )/(Q*rho*Cp) 15.93 = 5247 C g-rm= 84.27
Time Step4  Tain = 4581 C Taa = 0.5*%(Tain+Taout) = 0.5%( 45.81 + 5230 )= 49.06
(5-10 yr) Twout= 6437 C Twa = 0.5*%(Twin+Twout) = 0.5%( 66.16 + 64.37 )= 65.26
Tpout= 86.89 C Tpa = 0.5*%(Tpin+Tpout) = 0.5%( 90.74 + 86.89 )= 88.82
gw= Awxhx{(Twa= 65.26 ) - Tain= 45.81 } = 63.53 kw
gp= Apxhx{(Tpa= 88.82 ) - Tain= 45.81 } = 39.94 kW
Taout= 45.81 +(gqw+qp) 103.47 )/(Q*rho*Cp) 15.93 = 5230 C g-rm=__ 89.85
Time Step5  Tain = 4425 C Taa = 0.5%(Tain+Taout) = 0.5%( 44.25 + 5041 )= 47.33
(10-15yr)  Twout= 61.36 C Twa = 0.5*(Twin+Twout) = 0.5%( 64.37 + 6136 )= 62.87
Tpout= 8223 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 86.89 + 82.23 )= 84.56
gw= Awxhx{(Twa= 62.87 ) - Tain= 44.25 } = 60.82 kW
gp= Apxhx{(Tpa= 8456 ) - Tain= 44.25 } = 37.44 kW
Taout= 4425 + (gqw+gp) 98.25 )/(Q*rho*Cp) 15.93 = 5041 C g-rm= 85.32
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Time Step 6 Tain = 4273 C Taa = 0.5%(Tain+Taout) = 0.5%( 42.73 + 48.45 )= 45.59
(15-20 yr) Twout= 58.63 C Twa = 0.5*%(Twin+Twout) = 0.5%( 61.36 + 58.63 )= 60.00
Tpout= 78.16 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 82.23 + 7816 )= 80.19

gw= Awxhx{(Twa= 60.00 ) - Tain= 42.73 } = 56.39 kw

gp= Apxhx{(Tpa= 80.19 ) - Tain= 42.73 } = 34.79 kW
Taout= 42.73 +(gw+qp) 91.18 )/(Q*rho*Cp) 15.93 = 4845 C g-rm=__ 79.18
Time Step7  Tain = 4131 C Taa = 0.5*%(Tain+Taout) = 0.5%( 41.31 + 46.60 )= 43.95
(20-26 yr)  Twout= 55.84 C Twa = 0.5*(Twin+Twout) = 0.5%( 58.63 + 55.84 )= 57.24
Tpout= 73.89 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 78.16 + 7389 )= 76.03

gw= Awxhx{(Twa= 57.24 ) - Tain= 41.31 } = 52.01 kW

gp= Apxhx{(Tpa= 76.03 ) - Tain= 41.31 } = 32.24 kw
Taout= 4131 + (gqw+gp) 84.25 )/(Q*rho*Cp) 15.93 = 46.60 C g-rm=_ 73.16
Time Step8  Tain = 40.13 C Taa = 0.5*%(Tain+Taout) = 0.5%( 40.13 + 45.04 )= 42.59
(26-30 yr) Twout= 5393 C Twa = 0.5%(Twin+Twout) = 0.5%( 55.84 + 5393 )= 54.88
Tpout= 7115 C Tpa = 0.5%(Tpin+Tpout) = 0.5* 73.89 + 7115 )= 72.52

gw= Awxhx{(Twa= 5488 ) - Tain= 40.13 } = 48.18 kw

gp= Apxhx{(Tpa= 72.52 ) - Tain= 40.13 } = 30.08 kw
Taout= 40.13 +(gqw+qp) 78.26  )/(Q*rho*Cp) 15.93 = 45.04 C g-rm=__ 67.96
Time Step9  Tain = 3879 C Taa = 0.5*%(Tain+Taout) = 0.5%( 38.79 + 4330 )= 41.05
(30-40yr)  Twout= 5075 C Twa = 0.5*(Twin+Twout) = 0.5%( 53.93 + 50.75 )= 52.34
Tpout= 6596 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 71.15 + 65.96 )= 68.55

gw = Awxhx{(Twa= 5234 ) - Tain= 38.79 } = 4424 kW

gp= Apxhx{(Tpa= 6855 ) - Tain= 38.79 } = 27.64 kw
Taout= 38.79 + (qw+gp) 71.88 )/(Q*rho*Cp) 15.93 = 4330 C g-rm=_ 62.42
Time Step 10 Tain = 37.12 C Taa = 0.5*%(Tain+Taout) = 0.5%( 37.12 + 4115 )= 39.13
(40-50 yr) Twout= 47.68 C Twa = 0.5*%(Twin+Twout) = 0.5%( 50.75 + 4768 )= 49.22
Tpout= 6122 C Tpa = 0.5*%(Tpin+Tpout) = 0.5%( 65.96 + 61.22 )= 63.59

gw= Awxhx{(Twa= 4922 ) - Tain= 37.12 } = 39.49 kw

gp= Apxhx{(Tpa= 63.59 ) - Tain= 37.12 } = 2458 kW
Taout= 37.12 +(gqw+qp) 64.07  )/(Q*rho*Cp) 15.93 = 4115 C g-rm=__ 55.63
Time Step 11  Tain = 3569 C Taa = 0.5%(Tain+Taout) = 0.5%( 35.69 + 39.25 )= 37.47
(50-60yr)  Twout= 45.07 C Twa = 0.5*(Twin+Twout) = 0.5%( 47.68 + 45.07 )= 46.38
Tpout= 57.16 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 61.22 + 57.16 )= 59.19

gw= Awxhx{(Twa= 46.38 ) - Tain= 35.69 } = 34.92 kW

gp= Apxhx{(Tpa= 59.19 ) - Tain= 35.69 } = 21.83 kw
Taout= 35.69 + (gqw+gp) 56.75 )/(Q*rho*Cp) 15.93 = 3925 C g-rm= 49.28
Time Step 12 Tain = 3450 C Taa = 0.5*%(Tain+Taout) = 0.5%( 34.50 + 37.67 )= 36.09
(60-70 yr) Twout= 4295 C Twa = 0.5*%(Twin+Twout) = 0.5%( 45.07 + 4295 )= 44.01
Tpout= 5387 C Tpa = 0.5%(Tpin+Tpout) = 0.5* 57.16 + 53.87 )= 55.52

gw= Awxhx{(Twa= 4401 ) - Tain= 34.50 } = 31.05 kw

gp= Apxhx{(Tpa= 55.52 ) - Tain= 34.50 } = 19.52 kwW
Taout= 3450 +(gw+qgp) 50.57 )/(Q*rho*Cp) 15.93 = 3767 C g-rm=_ 43.91
Time Step 13 Tain = 3355 C Taa = 0.5%(Tain+Taout) = 0.5%( 33.55 + 36.40 )= 34.98
(70-80yr)  Twout= 4123 C Twa = 0.5*(Twin+Twout) = 0.5%( 42.95 + 4123 )= 42.09
Tpout= 51.18 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 53.87 + 51.18 )= 52.52

gw= Awxhx{(Twa= 42.09 ) - Tain= 33.55 } = 27.89 kw

gp= Apxhx{(Tpa= 5252 ) - Tain= 33.55 } = 17.62 kW
Taout= 33.55 + (gqw+gp) 45.51 )/(Q*rho*Cp) 15.93 = 36.40 C g-rm=_ 39.52
Time Step 14 Tain = 3277 C Taa = 0.5*%(Tain+Taout) = 0.5%( 32.77 + 3536 )= 34.06
(80-90 yr) Twout= 3981 C Twa = 0.5*%(Twin+Twout) = 0.5%( 41.23 + 3981 )= 40.52
Tpout= 4894 C Tpa = 0.5%(Tpin+Tpout) = 0.5*% 51.18 + 48.94 )= 50.06

gw= Awxhx{(Twa= 4052 ) - Tain= 32.77 } = 25.33  kw

gp= Apxhx{(Tpa= 50.06 ) - Tain= 32.77 } = 16.06 kW
Taout= 32.77 +(gw+qp) 41.39 )/(Q*rho*Cp) 15.93 = 3536 C g-rm=_ 35.94
Time Step 15 Tain = 3212 C Taa = 0.5%(Tain+Taout) = 0.5%( 32.12 + 3450 )= 33.31
(90-100yr)  Twout= 38.63 C Twa = 0.5*(Twin+Twout) = 0.5%( 39.81 + 38.63 )= 39.22
Tpout= 47.06 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 48.94 + 47.06 )= 48.00

gw= Awxhx{(Twa= 39.22 ) - Tain= 32.12 } = 23.20 kw

gp= Apxhx{(Tpa= 48.00 ) - Tain= 32.12 } = 14.75 kW
Taout= 32.12 + (gqw+gp) 37.95 )/(Q*rho*Cp) 15.93 = 3450 C g-rm=_ 32.95
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Time Step 16 Tain = 3141 C Taa = 0.5*%(Tain+Taout) = 0.5%( 31.41 + 3357 )= 32.49
(100-125yr) Twout= 37.07 C Twa = 0.5*(Twin+Twout) = 0.5% 38.63 + 37.07 )= 37.85
Tpout= 4446 C Tpa = 0.5%(Tpin+Tpout) = 0.5*( 47.06 + 4446 )= 45.76

gw= Awxhx{(Twa= 3785 ) - Tain= 3141 } = 21.05 kw

gp= Apxhx{(Tpa= 45.76 ) - Tain= 31.41 } = 13.33  kw
Taout= 3141 +(gw+qp) 34.38  )/(Q*rho*Cp) 15.93 = 3357 C g-rm=__ 29.86
Time Step 17 Tain = 3056 C Taa = 0.5%(Tain+Taout) = 0.5%( 30.56 + 3245 )= 31.51
(125-150yr) Twout= 3542 C Twa = 0.5*(Twin+Twout) = 0.5%( 37.07 + 3542 )= 36.25
Tpout= 4172 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 44.46 + 4172 )= 43.09

gw= Awxhx{(Twa= 36.25 ) - Tain= 30.56 } = 18.58 kwW

gp= Apxhx{(Tpa= 43.09 ) - Tain= 30.56 } = 11.64 kW
Taout= 30.56 + (gqw+gp) 30.22 )/(Q*rho*Cp) 15.93 = 3245 C g-rm= 26.24
Time Step 18 Tain = 29.71 C Taa = 0.5%(Tain+Taout) = 0.5%( 29.71 + 3134 )= 30.52
(150-200yr) Twout= 33.78 C Twa = 0.5*(Twin+Twout) = 0.5%( 35.42 + 33.78 )= 34.60
Tpout= 39.08 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 41.72 + 39.08 )= 40.40

gw= Awxhx{(Twa= 3460 ) - Tain= 29.71 } = 15.97 kW

gp= Apxhx{(Tpa= 40.40 ) - Tain= 29.71 } = 9.92 kw
Taout= 29.71 +(gw+qp) 25.89 )/(Q*rho*Cp) 15.93 = 3134 C g-rm=_ 22.48
Time Step 19 Tain = 29.03 C Taa = 0.5%(Tain+Taout) = 0.5%( 29.03 + 3042 )= 29.73
(200-250yr) Twout= 32.64 C Twa = 0.5*(Twin+Twout) = 0.5%( 33.78 + 3264 )= 33.21
Tpout= 37.32 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 39.08 + 3732 )= 38.20

gw = Awxhx{(Twa= 33.21 ) - Tain= 29.03 } = 13.65 kwW

gp= Apxhx{(Tpa= 3820 ) - Tain= 29.03 } = 8.52 kw
Taout= 29.03 + (gqw+gp) 22.17 )/(Q*rho*Cp) 15.93 = 3042 C g-rm=_ 19.25
Time Step20 Tain = 2858 C Taa = 0.5%(Tain+Taout) = 0.5%( 28.58 + 29.80 )= 29.19
(250-300yr) Twout= 3185 C Twa = 0.5*(Twin+Twout) = 0.5% 32.64 + 3185 )= 32.25
Tpout= 36.11 C Tpa = 0.5%(Tpin+Tpout) = 0.5*%( 37.32 + 36.11 )= 36.72

gw= Awxhx{(Twa= 3225 ) - Tain= 28.58 } = 11.98 kW

gp= Apxhx{(Tpa= 36.72 ) - Tain= 28.58 } = 756 kw
Taout=28.58 + (qw+qp) 19.54  )/(Q*rho*Cp) 15.93 = 2980 C g-rm=__ 16.96
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DRIFT SEGMENT #5

(400-500m)

Air Quantity, Q = 15 m"3/s

60 MTU/acre

Drift Wall Temperature Results from ANSIS Modeling Drift Wall and Air Temperatures, C
Time Drift Wall Temperatures, C Time After| Ave. Drift| Air Temp
Invert | Springline [ Crown Emplm't, YWall Temg at 500 m
0.00 25.00 25.00 25.00 0.00 25.00 25.00
0.00 27.93 28.43 27.90 0.00 28.09 29.07
1.00 63.23 66.36 63.22 1.00 64.27 49.05
5.00 70.61 73.31 70.58 5.00 71.50 58.03
10.00 69.43 71.87 69.40 10.00 70.24 58.53
15.00 66.28 68.51 66.25 15.00 67.01 56.43
20.00 63.24 65.30 63.20 20.00 63.91 54.08
26.00 60.14 62.03 60.11 26.00 60.76 51.81
30.00 57.94 59.73 57.90 30.00 58.52 49.89
40.00 54.48 56.03 54.44 40.00 54.98 47.77
50.00 51.05 52.42 51.02 50.00 51.50 45.15
60.00 48.07 49.28 48.05 60.00 48.47 42.81
70.00 45.64 46.72 45.61 70.00 45.99 40.85
80.00 43.66 44.64 43.64 80.00 43.98 39.26
90.00 42.04 42.93 42.02 90.00 42.33 37.96
100.00 | 40.68 41.50 40.67 100.00 | 40.95 36.88
125.00 | 38.95 39.66 38.93 125.00 | 39.18 35.73
150.00 | 37.08 37.68 37.07 150.00 | 37.28 34.37
200.00 [ 35.23 35.72 35.21 200.00 | 35.39 32.99
250.00 | 33.88 34.31 33.86 250.00 | 34.02 31.84
300.00 | 32.95 33.34 32.93 300.00 | 33.07 31.05
Air Temperature and Heat Removal Calculations
Tin = 25.00 C D.S= 81.00 m WP Dia. = 1.56 Ap = 4.91 m"2
Drift L = 600.00 m P.G.= 0.10 m Drift Dia. = 5.50 Aw = 17.28 m"2
DeltaL = 100.00 m T.L.= 60.00 MTU/ac Air Dens. = 1.06 kg/m"3
Cv. Coeff. h= 1.89 W/m"2 K L.L.= 1.55 kW/m AirCp = 1.01 kJ/kg K
Time Step 1 Tain = 25.00 C Taa = 0.5%(Tain+Taout) 0.5*%( 25.00 + 29.07 ) = 27.03
(0-1e-4yr)  Twout= 28.09 C Twa = 0.5*(Twin+Twout) = 0.5*( 25.00 + 28.09 ) = 26.54
Tpout = 108.79 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 70.00 + 108.79 ) = 89.39
qw = Awxhx{(Twa= 26.54) - Tain= 25.00} = 5.04 kW
qp = Apxhx{(Tpa= 89.39) - Tain= 25.00} = 59.80 kW
Taout = 25.00 + (qw+qgp) 64.84 )/(Q*rho*Cp) 1593 = 29.07 C g-rm = 56.31
Time Step 2 Tain = 4579 C Taa = 0.5*(Tain+Taout) 0.5*( 45.79 + 49.05) = 47.42
(le-4-1yr)  Twout= 64.27 C Twa = 0.5*(Twin+Twout) = 0.5%( 28.09 + 64.27 ) = 46.18
Tpout = 91.88 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 108.79 + 91.88 ) = 100.34
qw = Aw x hx{(Twa = 46.18) - Tain= 4579 } = 1.27 kW
ap = Apxhx{(Tpa= 100.34) - Tain= 4579} = 50.65 kW
Taout = 45.79 + (qw+qp) 51.93 )/(Q*rho*Cp) 1593 = 49.05 C g-rm = 45.09
Time Step 3 Tain = 5247 C Taa = 0.5%(Tain+Taout) = 0.5%( 52.47 + 58.03 ) = 55.25
(2-5yr) Twout = 7150 C Twa = 0.5*(Twin+Twout) = 0.5*( 64.27 + 7150 )= 67.89
Tpout = 95.43 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 91.88 + 95.43 ) = 93.66
qw = Aw xhx{(Twa= 67.89) - Tain= 5247} = 50.34 kW
qp = Apxhx{(Tpa= 93.66 ) - Tain= 5247} = 38.25 kW
Taout = 52.47 + (qw+qp) 88.58 )/(Q*rho*Cp) 1593 = 58.03 C g-rm = 76.92
Time Step 4 Tain = 52.30 C Taa = 0.5*(Tain+Taout) 0.5*( 52.30 + 58.53 ) = 55.41
(5-10yr) Twout = 70.24 C Twa = 0.5*(Twin+Twout) = 0.5%( 71.50 + 70.24 )= 70.87
Tpout = 92.09 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 95.43 + 92.09 )= 93.76
qw = Aw x hx{(Twa = 70.87 ) - Tain= 5230} = 60.62 kW
qgp = Apxhx{(Tpa= 93.76 ) - Tain= 5230} = 38.50 kW
Taout = 52.30 + (qw+qp) 99.12 )/(Q*rho*Cp) 1593 = 58.53 C g-rm = 86.07
Time Step 5 Tain = 5041 C Taa = 0.5%(Tain+Taout) = 0.5%( 50.41 + 56.43 ) = 53.42
(10-15 yr) Twout = 67.01 C Twa = 0.5*(Twin+Twout) = 0.5*( 70.24 + 67.01)= 68.62
Tpout = 87.26 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 92.09 + 87.26 ) = 89.68
qw = Awxhx{(Twa= 68.62 ) - Tain= 5041} = 59.47 kW
qp = Apxhx{(Tpa= 89.68) - Tain= 5041} = 36.46 kW
Taout = 50.41 + (qw+qp) 95.93 )/(Q*rho*Cp) 1593 = 56.43 C g-rm = 83.30
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Time Step 6 Tain = 48.45 C Taa = 0.5*(Tain+Taout) 0.5*( 48.45 + 54.08 ) = 51.27
(15-20 yr) Twout = 63.91 C Twa = 0.5*(Twin+Twout) = 0.5%( 67.01 + 63.91 )= 65.46

Tpout = 8292 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 87.26 + 8292 )= 85.09

qw = Aw x hx{(Twa = 65.46 ) - Tain= 48451} = 55.54 kW

ap = Apxhx{(Tpa= 85.09) - Tain= 48.45} = 34.02 kW

Taout = 48.45 + (qw+qp) 89.56 )/(Q*rho*Cp) 1593 = 54.08 C g-rm = 77.77
Time Step 7 Tain = 46.60 C Taa = 0.5%(Tain+Taout) = 0.5%( 46.60 + 5181)= 49.20
(20-26 yr) Twout = 60.76 C Twa = 0.5*(Twin+Twout) = 0.5*( 63.91 + 60.76 ) = 62.34

Tpout = 78.34 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 82.92 + 78.34 ) = 80.63

qw = Awxhx{(Twa= 62.34) - Tain= 46.60 } = 51.40 kW

qp = Apxhx{(Tpa= 80.63) - Tain= 46.60 } = 31.60 kw

Taout = 46.60 + (qw+qp) 83.00 )/(Q*rho*Cp) 1593 = 5181 C g-rm 72.07
Time Step 8 Tain = 45.04 C Taa = 0.5*(Tain+Taout) 0.5*( 45.04 + 49.89 ) = 47.46
(26-30 yr) Twout = 58.52 C Twa = 0.5*(Twin+Twout) = 0.5%( 60.76 + 58.52 ) = 59.64

Tpout = 75.32 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 78.34 + 75.32 )= 76.83

qw = Aw x hx{(Twa = 59.64) - Tain= 45.04 } = 47.68 kW

qgp = Apxhx{(Tpa= 76.83) - Tain= 45.04 } = 29.52 kW

Taout = 45.04 + (qw+qp) 77.20 )/(Q*rho*Cp) 1593 = 49.89 C g-rm 67.04
Time Step9 Tain = 43.30 C Taa = 0.5%(Tain+Taout) = 0.5%( 43.30 + 47.77 ) = 45.53
(30-40 yr) Twout = 54.98 C Twa = 0.5*(Twin+Twout) = 0.5*( 58.52 + 54.98 ) = 56.75

Tpout = 69.85 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 75.32 + 69.85 ) = 72.58

qw = Aw xhx{(Twa= 56.75) - Tain= 4330} = 43.93 kW

qp = Apxhx{(Tpa= 72.58) - Tain= 4330} = 27.19 kw

Taout = 43.30 + (qw+qgp) 71.12 )/(Q*rho*Cp) 1593 = 47.77 C g-rm 61.76
Time Step 10 Tain = 41.15 C Taa = 0.5*(Tain+Taout) = 0.5*( 41.15 + 45.15) = 43.15
(40-50 yr) Twout = 51.50 C Twa = 0.5*(Twin+Twout) = 0.5%( 54.98 + 51.50 ) = 53.24

Tpout = 64.76 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 69.85 + 64.76 ) = 67.30

qw = Aw x hx{(Twa = 53.24) - Tain= 4115} = 39.50 kW

qgp = Apxhx{(Tpa= 67.30 ) - Tain= 4115} = 24.29 kW

Taout = 41.15 + (qw+qp) 63.80 )/(Q*rho*Cp) 1593 = 45.15 C g-rm 55.40
Time Step 11 Tain = 39.25C Taa = 0.5%(Tain+Taout) = 0.5%( 39.25 + 42.81)= 41.03
(50-60 yr) Twout = 48.47 C Twa = 0.5*(Twin+Twout) = 0.5*( 51.50 + 48.47 ) = 49.98

Tpout = 60.34 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 64.76 + 60.34 ) = 62.55

qw = Awxhx{(Twa= 49.98) - Tain= 39.25} = 35.06 kW

qp = Apxhx{(Tpa= 62.55) - Tain= 39.25} = 21.64 kW

Taout = 39.25 + (qw+qgp) 56.69 )/(Q*rho*Cp) 1593 = 42.81 C g-rm 49.23
Time Step 12 Tain = 37.67 C Taa = 0.5*(Tain+Taout) = 0.5*( 37.67 + 40.85) = 39.26
(60-70 yr) Twout = 4599 C Twa = 0.5*(Twin+Twout) = 0.5%( 48.47 + 45.99 )= 47.23

Tpout = 56.73 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 60.34 + 56.73 ) = 58.53

qw = Aw x hx{(Twa = 47.23) - Tain= 3767} = 31.20 kW

ap = Apxhx{(Tpa= 58.53) - Tain= 37.67} = 19.37 kW

Taout = 37.67 + (qw+qp) 50.57 )/(Q*rho*Cp) 1593 = 40.85 C g-rm = 43.91
Time Step 13 Tain = 36.40 C Taa = 0.5%(Tain+Taout) = 0.5%( 36.40 + 39.26 ) = 37.83
(70-80 yr) Twout = 43.98 C Twa = 0.5*(Twin+Twout) = 0.5*( 45.99 + 43.98 ) = 44.98

Tpout = 53.77 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 56.73 + 53.77 ) = 55.25

qw = Aw xhx{(Twa= 4498 ) - Tain= 36.40} = 28.02 kW

qp = Apxhx{(Tpa= 55.25) - Tain= 36.40 } = 17.50 kW

Taout = 36.40 + (qw+qp) 45.53 )/(Q*rho*Cp) 1593 = 39.26 C g-rm 39.53
Time Step 14 Tain = 35.36 C Taa = 0.5*(Tain+Taout) = 0.5*( 35.36 + 37.96 ) = 36.66
(80-90 yr) Twout = 4233 C Twa = 0.5*(Twin+Twout) = 0.5%( 43.98 + 42.33 )= 43.15

Tpout = 51.32C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 53.77 + 51.32 )= 52.55

qw = Aw x hx{(Twa = 43.15) - Tain= 3536} = 25.44 kW

qgp = Apxhx{(Tpa= 52.55) - Tain= 35.36} = 15.96 kW

Taout = 35.36 + (qw+qp) 41.40 )/(Q*rho*Cp) 1593 = 37.96 C g-rm = 35.95
Time Step 15 Tain = 3450 C Taa = 0.5%(Tain+Taout) = 0.5%( 34.50 + 36.88 ) = 35.69
(90-100yr)  Twout = 40.95 C Twa = 0.5*(Twin+Twout) = 0.5*( 42.33 + 40.95) = 41.64

Tpout = 49.27 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 51.32 + 49.27 ) = 50.29

qw = Awxhx{(Twa= 41.64) - Tain= 3450} = 23.31 kW

qp = Apxhx{(Tpa= 50.29 ) - Tain= 3450} = 14.66 kW

Taout = 34.50 + (qw+qp) 37.97 )/(Q*rho*Cp) 1593 = 36.88 C g-rm = 32.97
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Time Step 16 Tain = 3357 C Taa = 0.5*(Tain+Taout) = 0.5*( 33.57 + 35.73 ) = 34.65
(100-125yr) Twout = 39.18 C Twa = 0.5*(Twin+Twout) = 0.5%( 40.95 + 39.18 ) = 40.06
Tpout = 46.48 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 49.27 + 46.48 ) = 47.87
qw = Aw x hx{(Twa = 40.06 ) - Tain= 3357} = 21.22 kW
ap = Apxhx{(Tpa= 47.87) - Tain= 3357} = 13.29 kW
Taout = 33.57 + (qw+qp) 34.51 )/(Q*rho*Cp) 1593 = 35.73 C g-rm = 29.97
Time Step 16  Tain = 3357 C Taa = 0.5%(Tain+Taout) = 0.5%( 33.57 + 3573 )= 34.65
(100-125yr) Twout= 39.18 C Twa = 0.5*(Twin+Twout) = 0.5%( 40.95 + 39.18 )= 40.06
Tpout= 46.48 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 49.27 + 46.48 )= 47.87
gw= Awxhx{(Twa= 40.06 ) - Tain= 33.57 } = 21.22 kW
gp= Apxhx{(Tpa= 4787 ) - Tain= 33.57 } = 13.29 kW
Taout= 33.57 + (qw+gp) 34.51 )/(Q*rho*Cp) 15.93 = 3573 C g-rm=_ 29.97
Time Step 17 Tain = 3245 C Taa = 0.5*%(Tain+Taout) = 0.5%( 3245 + 3437 )= 33.41
(125-150yr) Twout= 37.28 C Twa = 0.5*(Twin+Twout) = 0.5% 39.18 + 3728 )= 38.23
Tpout= 4350 C Tpa = 0.5%(Tpin+Tpout) = 0.5*%( 46.48 + 4350 )= 44.99
gw= Awxhx{(Twa= 3823 ) - Tain= 32.45 } = 18.85 kW
gp= Apxhx{(Tpa= 44.99 ) - Tain= 32.45 } = 11.64 kW
Taout= 3245 +(gw+gp) 30.50 )/(Q*rho*Cp) 15.93 = 3437 C g-rm=_ 26.48
Time Step 18 Tain = 3134 C Taa = 0.5%(Tain+Taout) = 0.5%( 31.34 + 3299 )= 32.16
(150-200yr) Twout= 3539 C Twa = 0.5*(Twin+Twout) = 0.5%( 37.28 + 3539 )= 36.33
Tpout= 40.63 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 43.50 + 40.63 )= 42.07
gw = Awxhx{(Twa= 36.33 ) - Tain= 31.34 } = 16.31 kW
gp= Apxhx{(Tpa= 42.07 ) - Tain= 31.34 } = 9.96 kw
Taout= 31.34 + (gqw+gp) 26.28 )/(Q*rho*Cp) 15.93 = 3299 C g-rm= 22.82
Time Step 19 Tain = 3042 C Taa = 0.5%(Tain+Taout) = 0.5%( 30.42 + 31.84 )= 31.13
(200-250yr) Twout= 34.02 C Twa = 0.5*(Twin+Twout) = 0.5* 35.39 + 34.02 )= 34.70
Tpout= 38.66 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 40.63 + 38.66 )= 39.65
gw= Awxhx{(Twa= 3470 ) - Tain= 30.42 } = 13.98 kW
gp= Apxhx{(Tpa= 39.65 ) - Tain= 30.42 } = 8.57 kw
Taout= 3042 +(gw+qp) 22.55 )/(Q*rho*Cp) 15.93 = 3184 C g-rm=__ 19.58
Time Step 20 Tain = 29.80 C Taa = 0.5%(Tain+Taout) = 0.5%( 29.80 + 31.05 )= 30.43
(250-300yr) Twout= 33.07 C Twa = 0.5*(Twin+Twout) = 0.5%( 34.02 + 33.07 )= 33.54
Tpout= 37.29 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 38.66 + 3729 )= 37.98
gw= Awxhx{(Twa= 3354 ) - Tain= 29.80 } = 12.21 kW
gp= Apxhx{(Tpa= 3798 ) - Tain= 29.80 } = 759 kw
Taout= 29.80 + (gqw+gp) 19.80 )/(Q*rho*Cp) 15.93 = 31.05 C g-rm=_ 17.19
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DRIFT SEGMENT # 6

(500-600m)

Air Quantity, Q = 15 m"3/s

60 MTU/acre

Drift WallTemperature Results from ANSYS Modeling Drift Wall and Air Temperatures, C
Time Drift Wall Temperature, C Time After] Ave.Drift | Air Temp
Invert | Springline [ Crown Emplm't, YWall Temg at 600 m
0.00 25.00 25.00 25.00 0.00 25.00 25.00
0.00 27.93 28.43 27.90 0.00 28.09 29.07
1.00 65.77 68.88 65.75 1.00 66.80 51.77
5.00 75.48 78.13 75.46 5.00 76.36 63.08
10.00 75.06 77.45 75.02 10.00 75.84 64.45
15.00 71.80 73.98 71.76 15.00 72.51 62.30
20.00 68.44 70.47 68.40 20.00 69.11 59.59
26.00 64.99 66.85 64.96 26.00 65.60 56.94
30.00 62.48 64.24 62.44 30.00 63.06 54.67
40.00 58.67 60.21 58.64 40.00 59.18 52.18
50.00 54.84 56.19 54.81 50.00 55.28 49.13
60.00 51.47 52.66 51.44 60.00 51.86 46.36
70.00 48.69 49.76 48.66 70.00 49.04 44.02
80.00 46.42 47.39 46.40 80.00 46.74 42.12
90.00 44.56 45.44 44.54 90.00 44.84 40.56
100.00 | 43.00 43.81 42.98 100.00 | 43.26 39.27
125.00 | 41.05 41.76 41.04 125.00 | 41.28 37.90
150.00 | 38.97 39.56 38.95 150.00 | 39.16 36.30
200.00 [ 36.85 37.35 36.84 200.00 | 37.01 34.66
250.00 [ 35.29 35.72 35.27 250.00 | 35.42 33.28
300.00 | 34.19 34.58 34.17 300.00 | 34.31 32.31
Air Temperature and Heat Removal Calculations
Tin = 25.00 C D.S= 81.00 m WP Dia. = 1.56 Ap = 4.91 m"2
Drift L = 600.00 m P.G.= 0.10 m Drift Dia. = 5.50 Aw = 17.28 m"2
DeltaL = 100.00 m T.L.= 60.00 MTU/ac Air Dens. = 1.06 kg/m"3
Cv. Coeff. h= 1.89 W/m"2 K L.L.= 1.55 kW/m AirCp = 1.01 kJ/kg K
Time Step 1 Tain = 25.00 C Taa = 0.5%(Tain+Taout) 0.5*%( 25.00 + 29.07 ) = 27.03
(0-1e-4yr)  Twout= 28.09 C Twa = 0.5*(Twin+Twout) = 0.5*( 25.00 + 28.09 ) = 26.54
Tpout = 108.79 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 70.00 + 108.79 ) = 89.39
qw = Awxhx{(Twa= 26.54) - Tain= 25.00} = 5.04 kW
qp = Apxhx{(Tpa= 89.39) - Tain= 25.00} = 59.80 kW
Taout = 25.00 + (qw+qgp) 64.84 )/(Q*rho*Cp) 1593 = 29.07 C g-rm = 56.31
Time Step 2 Tain = 49.05 C Taa = 0.5*(Tain+Taout) 0.5*( 49.05 + 51.77 ) = 50.41
(le-4-1yr)  Twout= 66.80 C Twa = 0.5*(Twin+Twout) = 0.5%( 28.09 + 66.80 ) = 47.44
Tpout = 94.12 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 108.79 + 94.12 )= 101.46
qw = Aw x hx{(Twa = 4744 ) - Tain= 49.05} = -5.24 kW
ap = Apxhx{(Tpa= 101.46 ) - Tain= 49.05} = 48.67 kW
Taout = 49.05 + (qw+qp) 43.42 )/(Q*rho*Cp) 1593 = 51.77 C g-rm = 37.71
Time Step 3 Tain = 58.03 C Taa = 0.5%(Tain+Taout) = 0.5%( 58.03 + 63.08 ) = 60.55
(2-5yr) Twout = 76.36 C Twa = 0.5*(Twin+Twout) = 0.5*( 66.80 + 76.36 ) = 71.58
Tpout = 99.73 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 94.12 + 99.73 ) = 96.93
qw = Aw xhx{(Twa= 71.58) - Tain= 58.03 } = 44.24 KW
qp = Apxhx{(Tpa= 96.93) - Tain= 58.03} = 36.12 kW
Taout = 58.03 + (qw+qgp) 80.36 )/(Q*rho*Cp) 1593 = 63.08 C g-rm = 69.78
Time Step 4 Tain = 58.53 C Taa = 0.5*(Tain+Taout) 0.5*( 58.53 + 64.45 ) = 61.49
(5-10yr) Twout = 75.84 C Twa = 0.5*(Twin+Twout) = 0.5%( 76.36 + 75.84 ) = 76.10
Tpout = 97.09 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 99.73 + 97.09 ) = 98.41
qw = Aw x hx{(Twa = 76.10) - Tain= 5853} = 57.39 kW
qgp = Apxhx{(Tpa= 98.41) - Tain= 58.53} = 37.04 kW
Taout = 58.53 + (qw+qp) 94.43 )/(Q*rho*Cp) 1593 = 64.45 C g-rm = 82.00
Time Step 5 Tain = 56.43 C Taa = 0.5%(Tain+Taout) = 0.5%( 56.43 + 62.30 ) = 59.37
(10-15 yr) Twout = 7251 C Twa = 0.5*(Twin+Twout) = 0.5*( 75.84 + 7251)= 74.18
Tpout = 92.20 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 97.09 + 92.20 ) = 94.64
qw = Awxhx{(Twa= 74.18) - Tain= 56.43} = 57.95 kW
qp = Apxhx{(Tpa= 94.64) - Tain= 56.43 } = 35.48 kW
Taout = 56.43 + (qw+qp) 93.43 )/(Q*rho*Cp) 1593 = 62.30 C g-rm = 81.13
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Time Step 6 Tain = 54.08 C Taa = 0.5*(Tain+Taout) 0.5*( 54.08 + 59.59 )= 56.84
(15-20 yr) Twout = 69.11 C Twa = 0.5*(Twin+Twout) = 0.5%( 72.51 + 69.11 ) = 70.81

Tpout = 87.60 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 92.20 + 87.60 ) = 89.90

qw = Aw x hx{(Twa = 70.81) - Tain= 54.08 } = 54.65 kW

ap = Apxhx{(Tpa= 89.90) - Tain= 54.08 } = 33.27 kW

Taout = 54.08 + (qw+qp) 87.92 )/(Q*rho*Cp) 1593 = 59.59 C g-rm = 76.34
Time Step 7 Tain = 5181 C Taa = 0.5%(Tain+Taout) = 0.5%( 51.81 + 56.94 ) = 54.37
(20-26 yr) Twout = 65.60 C Twa = 0.5*(Twin+Twout) = 0.5*( 69.11 + 65.60 ) = 67.35

Tpout = 82.73 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 87.60 + 82.73 ) = 85.17

qw = Awxhx{(Twa= 67.35) - Tain= 5181} = 50.77 kW

qp = Apxhx{(Tpa= 85.17 ) - Tain= 5181} = 30.98 kW

Taout = 51.81 + (qw+qp) 81.74 )/(Q*rho*Cp) 1593 = 56.94 C g-rm 70.98
Time Step 8 Tain = 49.89 C Taa = 0.5*(Tain+Taout) 0.5*( 49.89 + 54.67 )= 52.28
(26-30 yr) Twout = 63.06 C Twa = 0.5*(Twin+Twout) = 0.5%( 65.60 + 63.06 ) = 64.33

Tpout = 79.45 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 82.73 + 79.45) = 81.09

qw = Aw x hx{(Twa = 64.33) - Tain= 4989} = 47.16 kW

qgp = Apxhx{(Tpa= 81.09) - Tain= 4989} = 28.98 kW

Taout = 49.89 + (qw+qp) 76.14 )/(Q*rho*Cp) 1593 = 54.67 C g-rm 66.11
Time Step9 Tain = 47.77 C Taa = 0.5%(Tain+Taout) = 0.5%( 47.77 + 52.18 ) = 49.97
(30-40 yr) Twout = 59.18 C Twa = 0.5*(Twin+Twout) = 0.5*( 63.06 + 59.18 ) = 61.12

Tpout = 73.71 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 79.45 + 73.71) = 76.58

qw = Aw xhx{(Twa= 61.12) - Tain= 4777} = 43.60 kW

qp = Apxhx{(Tpa= 76.58) - Tain= 4777} = 26.76 kW

Taout = 47.77 + (qw+qgp) 70.35 )/(Q*rho*Cp) 1593 = 52.18 C g-rm 61.09
Time Step 10 Tain = 45.15 C Taa = 0.5*(Tain+Taout) = 0.5*( 45.15 + 49.13 ) = 47.14
(40-50 yr) Twout = 55.28 C Twa = 0.5*(Twin+Twout) = 0.5%( 59.18 + 55.28 ) = 57.23

Tpout = 68.27 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 73.71 + 68.27 ) = 70.99

qw = Aw x hx{(Twa = 57.23) - Tain= 4515} = 39.45 kW

qgp = Apxhx{(Tpa= 70.99) - Tain= 4515} = 24.00 kW

Taout = 45.15 + (qw+qp) 63.44 )/(Q*rho*Cp) 1593 = 49.13 C g-rm 55.09
Time Step 11 Tain = 4281 C Taa = 0.5%(Tain+Taout) = 0.5%( 42.81 + 46.36 ) = 44.58
(50-60 yr) Twout = 51.86 C Twa = 0.5*(Twin+Twout) = 0.5*( 55.28 + 51.86 ) = 53.57

Tpout = 63.51 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 68.27 + 63.51 )= 65.89

qw = Awxhx{(Twa= 53.57) - Tain= 4281} = 35.15 kW

qp = Apxhx{(Tpa= 65.89) - Tain= 4281} = 21.44 kW

Taout = 42.81 + (qw+qp) 56.58 )/(Q*rho*Cp) 1593 = 46.36 C g-rm 49.13
Time Step 12 Tain = 40.85 C Taa = 0.5*(Tain+Taout) = 0.5*( 40.85 + 4402 )= 42.44
(60-70 yr) Twout = 49.04 C Twa = 0.5*(Twin+Twout) = 0.5%( 51.86 + 49.04 )= 50.45

Tpout = 59.60 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 63.51 + 59.60 ) = 61.55

qw = Aw x hx{(Twa = 50.45) - Tain= 40.85} = 31.34 kW

ap = Apxhx{(Tpa= 61.55) - Tain= 40.85} = 19.23 kW

Taout = 40.85 + (qw+qp) 50.57 )/(Q*rho*Cp) 1593 = 44.02 C g-rm = 43.91
Time Step 13 Tain = 39.26 C Taa = 0.5%(Tain+Taout) = 0.5%( 39.26 + 4212 )= 40.69
(70-80 yr) Twout = 46.74 C Twa = 0.5*(Twin+Twout) = 0.5*( 49.04 + 46.74 ) = 47.89

Tpout = 56.38 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 59.60 + 56.38 ) = 57.99

qw = Aw xhx{(Twa= 47.89) - Tain= 39.26 } = 28.17 kW

qp = Apxhx{(Tpa= 57.99) - Tain= 39.26 } = 17.39 kW

Taout = 39.26 + (qw+qp) 45.56 )/(Q*rho*Cp) 1593 = 4212 C g-rm 39.56
Time Step 14 Tain = 37.96 C Taa = 0.5*(Tain+Taout) = 0.5*( 37.96 + 40.56 ) = 39.26
(80-90 yr) Twout = 44.84 C Twa = 0.5*(Twin+Twout) = 0.5%( 46.74 + 44.84 )= 45.79

Tpout = 53.71 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 56.38 + 53.71) = 55.04

qw = Aw x hx{(Twa = 4579 ) - Tain= 3796} = 25.57 kW

qgp = Apxhx{(Tpa= 55.04) - Tain= 3796} = 15.86 kW

Taout = 37.96 + (qw+qp) 41.43 )/(Q*rho*Cp) 1593 = 40.56 C g-rm = 35.98
Time Step 15 Tain = 36.88 C Taa = 0.5%(Tain+Taout) = 0.5%( 36.88 + 39.27 )= 38.08
(90-100yr)  Twout = 43.26 C Twa = 0.5*(Twin+Twout) = 0.5*( 44.84 + 43.26 ) = 44.05

Tpout = 51.47 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 53.71 + 51.47 )= 52.59

qw = Awxhx{(Twa= 44.05) - Tain= 36.88} = 23.42 kW

qp = Apxhx{(Tpa= 5259) - Tain= 36.88 } = 14.58 kW

Taout = 36.88 + (qw+qp) 38.00 )/(Q*rho*Cp) 1593 = 39.27 C g-rm = 33.00
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Time Step 16 Tain = 35.73 C Taa = 0.5*(Tain+Taout) = 0.5*( 35.73 + 37.90 )= 36.82
(100-125yr) Twout = 41.28 C Twa = 0.5*(Twin+Twout) = 0.5%( 43.26 + 41.28 )= 42.27
Tpout = 48.50 C Tpa = 0.5*(Tpin+Tpout) = 0.5*( 51.47 + 48.50 ) = 49.98
qw = Aw x hx{(Twa = 42.27) - Tain= 3573} = 21.37 kW
ap = Apxhx{(Tpa= 49.98) - Tain= 35.73} = 13.24 kW
Taout = 35.73 + (qw+qp) 34.60 )/(Q*rho*Cp) 1593 = 37.90 C g-rm = 30.05
Time Step 16 Tain = 3573 C Taa = 0.5%(Tain+Taout) = 0.5%( 35.73 + 3790 )= 36.82
(100-125yr) Twout= 4128 C Twa = 0.5*(Twin+Twout) = 0.5%( 43.26 + 4128 )= 42.27
Tpout= 4850 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 51.47 + 4850 )= 49.98
gw= Awxhx{(Twa= 42.27 ) - Tain= 35.73 } = 21.37 kW
gp= Apxhx{(Tpa= 4998 ) - Tain= 35.73 } = 13.24 kW
Taout= 35.73 + (gqw+gp) 34.60 )/(Q*rho*Cp) 15.93 = 3790 C g-rm=_ 30.05
Time Step 17 Tain = 3437 C Taa = 0.5*%(Tain+Taout) = 0.5%( 34.37 + 36.30 )= 35.33
(125-150yr) Twout= 39.16 C Twa = 0.5*(Twin+Twout) = 0.5%( 41.28 + 39.16 )= 40.22
Tpout= 4531 C Tpa = 0.5%(Tpin+Tpout) = 0.5*( 48.50 + 4531 )= 46.91
gw= Awxhx{(Twa= 4022 ) - Tain= 34.37 } = 19.11 kW
gp= Apxhx{(Tpa= 46.91 ) - Tain= 34.37 } = 11.64 kW
Taout= 34.37 +(gw+qp) 30.75 )/(Q*rho*Cp) 15.93 = 36.30 C g-rm=__ 26.70
Time Step 18 Tain = 3299 C Taa = 0.5%(Tain+Taout) = 0.5%( 32.99 + 3466 )= 33.82
(150-200yr) Twout= 37.01 C Twa = 0.5*(Twin+Twout) = 0.5%( 39.16 + 3701 )= 38.09
Tpout= 4221 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 45.31 + 4221 )= 43.76
gw = Awxhx{(Twa= 38.09 ) - Tain= 32.99 } = 16.65 kwW
gp= Apxhx{(Tpa= 43.76 ) - Tain= 32.99 } = 10.00 kw
Taout= 32.99 + (gqw+gp) 26.65 )/(Q*rho*Cp) 15.93 = 3466 C g-rm= 23.14
Time Step 19 Tain = 3184 C Taa = 0.5%(Tain+Taout) = 0.5% 31.84 + 3328 )= 32.56
(200-250yr) Twout= 3542 C Twa = 0.5*(Twin+Twout) = 0.5% 37.01 + 3542 )= 36.22
Tpout= 40.03 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 42.21 + 40.03 )= 41.12
gw= Awxhx{(Twa= 36.22 ) - Tain= 31.84 } = 1431 kW
gp= Apxhx{(Tpa= 41.12 ) - Tain= 31.84 } = 8.62 kw
Taout= 31.84 +(gw+qp) 22.93 )/(Q*rho*Cp) 15.93 = 3328 C g-rm=__ 19.91
Time Step 20 Tain = 31.05 C Taa = 0.5%(Tain+Taout) = 0.5%( 31.05 + 3231 )= 31.68
(250-300yr) Twout= 3431 C Twa = 0.5*(Twin+Twout) = 0.5%( 35.42 + 3431 )= 34.87
Tpout= 3850 C Tpa = 0.5%(Tpin+Tpout) = 0.5%( 40.03 + 3850 )= 39.27
gw= Awxhx{(Twa= 34.87 ) - Tain= 31.05 } = 12.48 kW
gp= Apxhx{(Tpa= 39.27 ) - Tain= 31.05 } = 7.63 kw
Taout= 31.05 + (gw+gp) 20.11 )/(Q*rho*Cp) 15.93 = 3231 C g-rm=_ 17.46
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/ BATCH LI ST
!

V#

#
I # ANSYS | NPUT #
I # #
1 # Fi | enane: anr #
I # #
1# Input File: anr . dat #
1 # th_dat a. i nput #
I # #
1# Qutput File: anr . out #
1# #
I # Description: 2D ANSYS Model for Analysis and Modeling Report for #
1 # SR/ LA (anr) #
1 # Enpl acenent node: Center-in-drift #
I # Drift dianeter: 5.5 nmeters #
I # Drift spacing: 81 neters #
1# WP di anet er: 1.564 neters #
1 # Uni ts nodel ed: Al #
I # #
1# Code Version: ANSYS Revision 5.2 #
I # #
I # #

!

/ COM, ANSYS MEDI A REV. 5.2
!

/ FI LNAM, ant !
/ TITLE, 2D Model (DS: 81m DD: 5. 5m)
/UNITS, SI

| SHOW

|

/ NOPR

*ABB, SAVE_DB , SAVE

* ABB, RESUM DB, RESUMVE

Jobnane to use for all subsequent files

*ABB, QUI'T , Fnc_/EXIT
*ABB, SHFR ,/ SHOW FI LE, , , 8
*ABB, SHFV ,/ SHOW FI LE, , 1
*ABB, X11C ,/ SHOW X11C,, , 8
*ABB, X11 ,/ SHOW X11, , 1
*ABB, REPLOT , / REPLOT

*ABB, K1 , 1 PNUM KP, 1
*ABB, KO , | PNUM KP, 0

*ABB, PONRGRPH, Fnc _/ GRAPHI CS
*ABB, ANSYSVEB, Fnc _HonmePage
/ GO

!

/ FDELE, EMAT, DELE

/ FDELE, ESAV, DELE

| FDELE, EROT, DELE

/ FDELE, DSUB, DELE

/ FDELE, TRI, DELE

| FDELE, OSAV, DELE

/ FDELE, PAGE, DELE

1

| PREP7

!

! Define el enent types

!

ET, 1, PLANE55 ! 4-node, 2-D thermal solid el enent
ET, 2, LI NK32 ! 2-D conduction bar

R 1,1.0

ET, 3, MATRI X50 ! Superel enent for radiation

! Super el ement behavi or: radiation substructure

I NPUT, t h_dat a, i nput,, 1,0 ! Read material properties

Paraneters for nodel generation

-— =T x X
]
3
=4
ww
o P
o

ORI G=0.0

X1=5.5

X2=40.5

Y1=5.5

R1=2. 75

RW£0. 782

!

RECTNG ORI G, X1, ORI G, Y1,
PCI RC, R1, , 0,90,

ASBA, 1, 2
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ASEL, S, AREA, , 3
ARSYM Y, ALL
PCI RC, RW, 0, 90,

PCI RC, RW, 0, - 90,

!
RECTNG ORI G, X1,

Y1, Tptpll _u,

RECTNG ORI G X1, Tptpl |l _u, Tptpm,

RECTNG ORI G, X1,
RECTNG ORI G, X1,
RECTNG ORI G, X1,
RECTNG ORI G, X1,
RECTNG ORI G, X1,
RECTNG ORI G, X1,
RECTNG ORI G, X1,
RECTNG ORI G, X1,
RECTNG ORI G, X1,
RECTNG ORI G, X1,
RECTNG ORI G, X1,
RECTNG ORI G, X1,
RECTNG ORI G, X1,
RECTNG ORI G, X1,
RECTNG ORI G, X1,
RECTNG ORI G, X1,
RECTNG ORI G, X1,
RECTNG ORI G, X1,
RECTNG ORI G, X1,
RECTNG ORI G, X1,
RECTNG ORI G, X1,
!

RECTNG X1, X2,
RECTNG X1, X2,
RECTNG X1, X2,
RECTNG X1, X2,
RECTNG X1, X2,
RECTNG X1, X2,
RECTNG X1, X2,
RECTNG X1, X2,
RECTNG X1, X2,
RECTNG X1, X2,
RECTNG X1, X2,
RECTNG X1, X2,
RECTNG X1, X2,
RECTNG X1, X2,
RECTNG X1, X2,
RECTNG X1, X2,
RECTNG X1, X2,

Tpt pm,  Tpt pul ,
Tpt pul , Tptrl,
Tptrl, Tptrn,
Tptrn, Tptrvil,
Tptrvl, Tptrv2,
Tptrv2, Tptrv3,
Tptrv3, Tpbt 2,

Tpbt 2, Tpp,
Tpp, Tpbt 3,
Tpbt 3, Tpy,
Tpy, Tpbt 4,

Tpbt4, Tpcpvl,
Tpcpvl, Tpcpv2,
Tpcpv2, Tpcpv3,

-Y1, Tptpll_I,

Tptpll_lI, Tptpln,

Tptpln, Tptpv3s,
Tpt pv3, Tptpv2,
Tptpv2, Tptpvl,
Tptpvl, Tpbt 1,

Tpbt 1, Tac,
ORI G, Y1,
Y1, Tptpl | _u,

Tptpll_u, Tptpm,

Tpt pm,  Tpt pul ,
Tpt pul , Tptrl,
Tptrl, Tptrn,
Tptrn, Tptrvi,
Tptrvl, Tptrv2,
Tptrv2, Tptrv3,
Tptrv3, Tpbt 2,

Tpbt 2, Tpp,
Tpp, Tpbt 3,
Tpbt 3, Tpy,
Tpy, Tpbt 4,

Tpbt4, Tpcpvi,
Tpcpvl, Tpcpv2,
Tpcpv2, Tpcpv3,

RECTNG X1, X2, ORI G, -Y1,
RECTNG X1, X2, -Y1, Tptpll _I,
RECTNG X1, X2, Tptpll _I, Tptpln,

RECTNG X1, X2,
RECTNG X1, X2,
RECTNG X1, X2,
RECTNG X1, X2,
RECTNG X1, X2,
ALLSEL

!

AGLUE, ALL

/ TRI AD, RBOT
APLOT

SAVE

!

! Meshi ng

!

TYPE, 1,

MAT, 23,

ESYS, 0,
ESHAPE, 2, 0
MOPT, EXPND, 1,
MCOPT, TRANS, 2,
MOPT, | ESZ, 0,
ESI ZE, 0.5, 0,
AMESH, 2, 53, 51
!

LCCAT, 3, 260
LCCAT, 4,6

!

TYPE, 1,

MAT, 16,

ESYS, 0,

Tptpln, Tptpv3,
Tptpv3, Tptpv2,
Tptpv2, Tptpvl,
Tptpvl, Tpbt 1,

Tpbt 1, Tac,

LSEL, S, LI NE, , 10, 308, 298

LESI ZE ALL, ,, 12

ANL-EBS-MD-000030 REV 00

Mesh the waste package

Concat enates |ines

Mesh Tptpl |

uni t
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LSEL, S,LINE,, 3,6, 3
LSEL, A/ LINE,, 1,4,3
LSEL, A/ LINE,,7,9,2
LSEL, A, LI NE, , 260
LESI ZE ALL,,, 6
LSEL, S, LINE, , 213
LESI ZE ALL, ,, 20

ESI ZE, 1, 0,

AMESH, 1, 102, 101
AMESH, 55, 78, 23

ESI ZE, 1. 5,0

AMESH, 54, 56, 2
AMESH, 79, 80, 1

!

TYPE, 1,

MAT, 15,

ESYS, 0,

ESI ZE, 2.5, 0,

AMESH, 57, 81, 24

!

TYPE, 1,

MAT, 14,

ESYS, 0,

ESI ZE, 5.0, 0,
AMESH, 58, 82, 24
!

TYPE, 1,

MAT, 13,

ESYS, 0,

ESI ZE, 5.0, 0,
AMESH, 59, 83, 24
|

TYPE, 1,

MAT, 12,

ESYS, 0,

ESI ZE, 5.0, 0,
AMESH, 60, 84, 24
|

TYPE, 1,

MAT, 11,

ESYS, 0,

ESI ZE, 7.5, 0,
AMESH, 61, 85, 24
|

TYPE, 1,

MAT, 10,

ESYS, 0,

ESI ZE, 7.5, 0,
AMESH, 62, 86, 24
!

TYPE, 1,

MAT, 9,

ESYS, 0,

ESI ZE, 7.5, 0,
AMESH, 63, 87, 24
!

TYPE, 1,

MAT, 8,

ESYS, 0,

ESI ZE, 7.5, 0,
AMESH, 64, 88, 24
!

TYPE, 1,

MAT, 7,

ESYS, 0,

ESI ZE, 7.5, 0,
AMESH, 65, 89, 24
!

TYPE, 1,

MAT, 6,

ESYS, 0,

ESI ZE, 7.5, 0,
AMESH, 66, 90, 24
!

TYPE, 1,

MAT, 5,

ESYS, 0,

ESI ZE, 7.5, 0,
AMESH, 67, 91, 24
!

TYPE, 1,

ANL-EBS-MD-000030 REV 00

Tpt pmm uni t

Tpt pul unit

Tptrl unit

Tptrn unit

Tptrvl unit

Tptrv2 unit

Tptrv3 unit

Tpbt 2 unit

Tpp unit

Tpbt 3 unit

Tpy unit

Tpbt4 unit

V-4
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MAT, 4,

ESYS, 0,

ESI ZE, 10. 0, 0,
AVESH, 68, 92, 24
|

TYPE, 1,

MAT, 3,

ESYS, 0,

ESI ZE, 10. 0, 0,
AMESH, 69, 93, 24
|

TYPE, 1,

MAT, 2,

ESYS, 0,

ESI ZE, 10. 0, 0,
AVESH, 70, 94, 24
|

TYPE, 1,

MAT, 1,

ESYS, 0,

ESI ZE, 10. 0, 0,
AMESH, 71, 95, 24
|

TYPE, 1,

MAT, 17,

ESYS, 0,

ESI ZE, 5. 0, 0,
AMESH, 72, 96, 24
|

TYPE, 1,

MAT, 18,

ESYS, 0,

ESI ZE, 5. 0, 0,
AMESH, 73, 97, 24
|

TYPE, 1,

VAT, 19,

ESYS, 0,

ESI ZE, 5. 0, 0,
AMESH, 74, 98, 24
|

TYPE, 1,

VAT, 20,

ESYS, 0,

ESI ZE, 7.5, 0,
AMESH, 75, 99, 24
|

TYPE, 1,

MAT, 21,

ESYS, 0,

ESI ZE, 7.5, 0,
AMESH, 76, 100, 24
|

TYPE, 1,

MAT, 22,

ESYS, 0,

ESI ZE, 10. 0, 0,
AMESH, 77, 101, 24

|

TYPE, 2,

ESYS, 0,

LSEL, S, LI NE, , 11
LSEL, A, LI NE, , 209
LSEL, A, LI NE, , 10
LSEL, A, LI NE, , 308
NSLL, S, 1

ESURF, ALL

PLOT

|

/ AUX12

EM S, 16, 0. 9,

EM S, 23, 0. 87,
STEF, 1. 7878,
GEM, 1, 0,

SPACE, ,

ESEL, S, TYPE, , 2, 2
NSLE, S

VTYPE, 0, ,

MPRI NT, 0

WRI TE, anr

FI NI SH

ANL-EBS-MD-000030 REV 00

Mesh Tpcpvl

Mesh Tpcpv2

Mesh Tpcpv3

Mesh Tptpln

Mesh Tptpv3

Mesh Tptpv2

Mesh Tptpvl

uni t

uni t

uni t

uni t

uni t

uni t

uni t

Mesh Tpbt1l unit

Mesh the Tac unit

Define link elenments for

WP

Drift wall

radi ation surface

Cenerate superel ement for thermal

radi ation cal cul ation

Save radiation matrices
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!
| PREP7

TYPE, 3,

REAL, 1,

ESYS, 0,

SE, anr

!

ESEL, S, TYPE, , 2, 2
EDELE, ALL
ALLSEL

SAVE

!

FI NI SH

TEXIT

ANL-EBS-MD-000030 REV 00 V-6 November 1999



Fil e Nane:

Tpcpv3=346. 23
Tpcpv2=231. 93
Tpcpv1=226. 44
Tpbt 4=221. 75
Tpy=221. 22
Tpbt 3=214. 17
Tpp=209. 59
Tpbt 2=195. 50
Tptrv3=185. 81
Tptrv2=181. 23
Tptrv1=180.70
Tptrn=179. 64
Tptrl=132.79
Tpt pul =123. 81
Tpt prm=46. 13
Tptpl | _u=16. 19
Tptpll _lI =-90.02
Tpt pl n=-137. 75
Tpt pv3=-158. 36
Tpt pv2=-161. 35
Tpt pv1=-172. 62
Tpbt 1=-175. 97
Tac=-260. 34

1, 2470

, 2, 2470
NS, 3, 2380
S, 4, 2340
S, 5, 2400
S, 6, 2370
NS, 7, 2260
NS, 8, 2370
MP, DENS, 9, 2510
MP, DENS, 10, 2510
MP, DENS, 11, 2510
MP, DENS, 12, 2550
MP, DENS, 13, 2510
MP, DENS, 14, 2510
MP, DENS, 15, 2530
MP, DENS, 16, 2540
MP, DENS, 17, 2560
MP, DENS, 18, 2360
MP, DENS, 19, 2360
MP, DENS, 20, 2360
MP, DENS, 21, 2310
MP, DENS, 22, 2240
!

EEEEEEL
56

zzZ 2z

33333335 77

MPTEMP, 1, 15, 100, 100. 1, 300 !
!

!

1 -

!

MPDATA, KXX,
MPDATA, KXX,

MPDATA, KXX, 10, 1
MPDATA, KXX, 11, 1
MPDATA, KXX, 12, 1
MPDATA, KXX, 13, 1
MPDATA, KXX, 14, 1
MPDATA, KXX, 15, 1
MPDATA, KXX, 16, 1
MPDATA, KXX, 17, 1
MPDATA, KXX, 18, 1

Y -

Rock Mass Ther mal

th_dat a. i nput

Coor di nat es

!
1
!
! Lithostratigraphic Units and Their
1
!
|

Coor di nat es

! Top of the |ayer

! Bottom of the |ayer

Properties

Grain Density (kg/ m3)

Ther mal

. 09E7, 3.
. 09E7, 3.
. 37E7, 3.
. 58E7, 1.
. 06E7, 3.
. 22E7, 3.
. 59E7, 2.
. 11E7, 2.
15E7, 3.
. 15E7, 3.
. 15E7, 3.
.11E7,5.
. 98E7, 4.
. 68E7, 5.
. 35E7, 7.
. 37E7, 6.
. 80E7, 5.
. 56E7, 6.

Conductivity

Tpcpv3 unit
Tpcpv2 unit
Tpcpvl unit
Tpbt4 unit
Tpy unit

Tpbt 3 unit
Tpp unit

Tpbt 2 unit
Tptrv3 unit
Tptrv2 unit
Tptrvl unit

Tptrl

Tpt pul

uni t
uni t

Tptpm uni t

Tptpl |

uni t

Tptpln unit
Tptpv3 unit
Tptpv2 unit
Tptpvl unit

Tpbt1l unit
Tac unit

ANL-EBS-MD-000030 REV 00

!
1
1
1
!
!
!
!
!
!
!
! Tptrn unit
1
!
!
!
1
!
!
!
!
!

Tenperature table for
dependent ther nal

09E7, 1. 70E7, 1. 70E7
09E7, 1. 70E7, 1. 70E7
37E7, 1. 58E7, 1. 58E7
58E7, 1. 10E7, 1. 10E7
06E7, 1. 39E7, 1. 39E7
22E7, 1. 45E7, 1. 45E7
59E7, 1. 10E7, 1. 10E7
11E7, 0. 73E7, 0. 73E7
15E7, 1. 17E7, 1. 17E7
15E7, 1. 17E7, 1.
15E7, 1. 17E7, 1.
11E7, 3. 34E7, 3.
98E7, 2. 81E7, 2.
68E7, 2. 24E7, 2.
35E7, 4. 92E7, 4.
37E7, 3. 78E7, 3.
80E7, 4. 48E7, 4.
56E7, 5. 33E7, 5.

17E7
17E7
34E7
81E7
24E7
92E7
78E7
48E7
33E7

(val ue for

(J/ yr-mK)

Tac(v) unit)

tenperature
conductivity (degree C)

Tpcpv3 unit

Tpcpv2 unit

Tpcpvl unit

Tpbt4 unit

Tpy unit

Tpbt 3 unit

Tpp unit

Tpbt 2 unit

Tptrv3 unit

! Tptrv2 unit
! Tptrvl unit
! Tptrn unit
! Tptrl unit
! Tpt pul unit
! Tpt pmm uni t
! Tptpll unit
! Tptpln unit
! Tptpv3 unit
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MPDATA, KXX, 19,
MPDATA, KXX, 20,

MPDATA, KXX, 22,
!

NPTENP, 1,15,95,95.1,114,114. 1,300 ! Tenperature table for
dependent

!
!
! - Speci fic Heat (J/kg-K)
!
MPDATA C, 1, 1, 857, 857, 4570, 4570, 857, 857
MPDATA C, 2, 1, 857, 857, 4570, 4570, 857, 857

MPDATA, C, 3, 1, 1037, 1037, 6048, 6048, 1037, 1037
MPDATA, C, 4, 1, 1077, 1077, 21976, 21976, 1077, 1077

MPDATA, C, 5, 1, 849, 849, 16172, 16172, 849, 849

MPDATA, C, 6, 1, 1016, 1016, 20669, 20669, 1016, 1016
MPDATA, C, 7, 1, 1330, 1330, 25560, 25560, 1330, 1330
MPDATA C, 8, 1, 1224, 1224, 23878, 23878, 1224, 1224

MPDATA, C, 9, 1, 834, 834, 5137, 5137, 834, 834

MPDATA, C, 10, 1, 834, 834, 5137, 5137, 834, 834
MPDATA, C, 11, 1, 834, 834, 5137, 5137, 834, 834
MPDATA, C, 12, 1, 866, 866, 5629, 5629, 866, 866
MPDATA, C, 13, 1, 882, 882, 5693, 5693, 882, 882
MPDATA, C, 14, 1, 883, 883, 5694, 5694, 883, 883
MPDATA, C, 15, 1, 948, 948, 4568, 4568, 948, 948
MPDATA, C, 16, 1, 900, 900, 4663, 4663, 900, 900
MPDATA, C, 17, 1, 865, 865, 4523, 4523, 865, 865
MPDATA, C, 18, 1, 984, 984, 1958, 1958, 984, 984
MPDATA, C, 19, 1, 984, 984, 1958, 1958, 984, 984
MPDATA, C, 20, 1, 984, 984, 1958, 1958, 984, 984

MPDATA, C, 21, 1, 1057, 1057, 21076, 21076, 1057, 1057
MPDATA, C, 22, 1, 1201, 1201, 23863, 23863, 1201, 1201

!

! - Em ssivity

!

MP,EM S, 16, 0.9 ! Tptpl |

!

!

! Wast e Package Thermal Properties

!

MP, DENS, 23, 8690 ! Density (kg/ mt3)
MP, KXX, 23, 39. 48E7 ! Ther mal

MP, C, 23,435. 25! Specific heat (J/kg-K)
MP, EM S, 23, 0. 87 !

1

ANL-EBS-MD-000030 REV 00

1,6.56E7, 6.56E7,5. 33E7, 5. 33E7
1,6.56E7, 6. 56E7, 5. 33E7, 5. 33E7
MPDATA, KXX, 21, 1, 4. 13E7, 4. 13E7, 2. 21E7, 2. 21E7
1, 3.69E7, 3. 69E7, 1. 83E7, 1. 83E7

Emi ssivity

Tptpv2 unit
Tptpvl unit
Tpbt1 unit

tenperature
specific heat (degree C)

! Tpcpv3 unit
! Tpcpv2 unit
Tpcpvl unit

! Tpbt4 unit
Tpy unit

! Tpbt 3 unit
! Tpp unit

! Tpbt 2 unit
! Tptrv3 unit
! Tptrv2 unit
! Tptrvl unit
! Tptrn unit

! Tptrl unit

! Tptpul unit
! Tptpmm unit
! Tptpll unit
! Tptpln unit
! Tptpv3 unit
! Tptpv2 unit
! Tptpvl unit
! Tpbt1 unit

|

Tac unit (values for Tac(v) unit)

Tac unit (values for Tac(v) unit)

conductivity (J/yr-mK)
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/ BATCH LI ST
!

1

I # ANSYS | NPUT

I #

1 # Fi | enane: anr - 101

I #

V# I nput File: anr - 101. dat

1 # th_dat a. i nput

I #

V# Qutput File: anr - 101. out

1#

I # Description: 2D ANSYS Model for Analysis and Modeling Report for
I# SR/ LA (anr)

1# Li near heat | oad: 1.55 kWm

I # Enmpl acement node: Center-in-drift
1# Drift diameter: 5.5 neters

1 # Drift spacing: 81 neters

1 # WP di aneter: 1.564 neters
I # WP | engt h: 5.305 neters
I # Air Flow Rate: 10 mt3/s (10)
1 # Intake Air Tenp.: 25 degree C

I # Segnent No: 1 (1)

1# Uni ts nodel ed: Al

1#

I # Code Version: ANSYS Revision 5.2

1#

1#

!
!
/ OV, ANSYS MEDI A REV. 5.2
!

/ FI LNAM, ant - 101
RESUME, ant, db, ,

/ TITLE 2D Model

/UNI'TS, SI

/ SHOW

!

/ NOPR

*ABB, SAVE_DB , SAVE

* ABB, RESUM_DB, RESUVE

! Jobnane to use for

all subsequent files

(LL:1.55kW m DS: 81m DD: 5. 5m VT: 300yr; FR: 10n/ s; SN: 1)

*ABB, QUI'T , Fnc_/EXIT
*ABB, SHFR ,/ SHOW FI LE, , , 8
*ABB, SHFV ,/ SHOW FI LE, , 1
*ABB, X11C ,/ SHOW X11C,, , 8
*ABB, X11 ,/ SHOW X11, , 1
*ABB, REPLOT , / REPLOT

*ABB, K1 , 1 PNUM KP, 1
*ABB, KO , I PNUM KP, 0

*ABB, PONRGRPH, Fnc _/ GRAPHI CS
*ABB, ANSYSWEB, Fnc _HonmePage
/ GO

!

/ FDELE, EMAT, DELE

/ FDELE, ESAV, DELE

| FDELE, EROT, DELE

/ FDELE, DSUB, DELE

/ FDELE, TRI, DELE

/ FDELE, OSAV, DELE

/ FDELE, PAGE, DELE

!

/ SOLU

ANTYPE, TRANS
NROPT, AUTO
TOFFST, 273
TINTP, 0. 005, ,
|

OUTPR, NSOL, LAST, !
OUTRES, NSOL, LAST, !
|

,0.5,0.5,0.2

I C, ALL, TEMP, 25,

NSEL, S, LCC, Y, Tpcpv3

D, ALL, TEWP, 18. 7

NSEL, S, LCC, Y, Tac !

D, ALL, TEMP, 32. 40

ALLSEL

SAVE

|

! Load step nunber
TI M NT, OFF

ANL-EBS-MD-000030 REV 00

Sol ution phase
Transi ent anal ysis
Progranchosen Newt on-Raphson option
Specify the tenperature offset: 273 K
Use defaults of transient integration
paraneters
Solution printout at |ast substep
Solution data witten to database

! Initial
! Sel ect

tenperature at all nodes
all nodes on top surface
nodes on bottom surface

Sel ect all

1

! Turn off transient effects at the

V-9
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|

TI ME, 1le- 10

AUTOTS, 1

DELTI M le- 12, 1le-12, 1e-9,0
KBGC 0

LSWRI TE, 1,

|

TI M NT, ON

|

!

! Load step number
TI ME, le-6

AUTOTS, 1

DELTI M le-8, 1le-8,1e-7,0
KBGC 1

ESEL, S, MAT, , 23,

NSLE, S

D, ALL, TEMP, 70. 0

ALLSEL

LSWRI TE, 2,

|

! Load step nunber
TIME, le-4

AUTOTS, 1

DELTI M le-8, 1le-8, 1e-5,0
ESEL, S, MAT, , 23,

NSLE, S

DDELE, ALL, TEMP

KBGC 0

ESEL, S, MAT, , 23,

BFE ALL, HGEN, , 2. 54e10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 25
ALLSEL

LSWRI TE, 3,

|

! Load step number
TIME, 1

AUTOTS, 1

DELTI M 0. 0005, 0. 0005, 0. 25, 0
KBGC 0

ESEL, S, MAT, , 23,

BFE ALL, HGEN, , 2. 46e10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 25
ALLSEL

LSWRI TE, 4,

|

! Load step nunber
TIME, 5

AUTOTS, 1

DELTI M 0. 0005, 0. 0005, 0. 25, 0
KBGC 0

ESEL, S, MAT, , 23,

BFE ALL, HGEN, , 2. 23e10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A LINE,, 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 25
ALLSEL

LSWRI TE, 5,

|

! Load step number
TI ME, 10

AUTOTS, 1

DELTI M 0. 0005, 0. 0005, 0.5, 0
KBGC 0

ESEL, S, MAT, , 23,

BFE ALL, HGEN, , 2. 02e10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 25
ALLSEL

LSWRI TE, 6,

|

! Load step nunber

ANL-EBS-MD-000030 REV 00

first |oad step

Turn on transient effects at the
rest of |oad steps
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TI ME, 15

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 5,0
KBC 0

ESEL, S, MAT, , 23,

BFE, ALL, HCEN, , 1. 83e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 4. 32e7, , 25
ALLSEL

LSWRI TE, 7,

|

! Load step number 8
TI ME, 20

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 75,0
KBC 0

ESEL, S, MAT, , 23,

BFE ALL, HGEN, , 1. 68e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A LINE,, 11, 209, 198

SFL, ALL, CONV, 4. 32e7, , 25
ALLSEL

LSWRI TE, 8,

|

! Load step nunber 9
TI ME, 26

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 75,0
KBC 0

ESEL, S, MAT, , 23,

BFE, ALL, HCEN, , 1. 52e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 4. 32e7, , 25
ALLSEL

LSWRI TE, 9,

|

! Load step number 10
TI ME, 30

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 75,0
KBC 0

ESEL, S, MAT, , 23,

BFE ALL, HGEN, , 1. 43e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A LINE,, 11, 209, 198

SFL, ALL, CONV, 4. 32e7, , 25
ALLSEL

LSWRI TE, 10,

|

! Load step nunber 11
TI ME, 40

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC 0

ESEL, S, MAT, , 23,

BFE ALL, HGEN, , 1. 23e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 4. 32e7, , 25
ALLSEL

LSWRI TE, 11,

|

! Load step nunmber 12
TI ME, 50

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBG 0

ESEL, S, MAT, , 23,

BFE ALL, HGEN, , 1. 07e10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A LINE,, 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 25
ALLSEL

ANL-EBS-MD-000030 REV 00 V-11
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LSWRI TE, 12,

|

! Load step nunber 13
TI ME, 60

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 9. 37e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 25
ALLSEL

LSWRI TE, 13,

|

! Load step number 14
TI ME, 70

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBGC 0

ESEL, S, MAT, , 23,

BFE ALL, HGEN, , 8. 33e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A LINE,, 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 25
ALLSEL

LSWRI TE, 14,

|

! Load step nunber 15
TI ME, 80

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 7. 49e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 25
ALLSEL

LSWRI TE, 15,

|

! Load step number 16
TI ME, 90

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 2, 0
KBG 0

ESEL, S, MAT, , 23,

BFE ALL, HGEN, , 6. 80e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A LINE,, 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 25
ALLSEL

LSWRI TE, 16,

!

! Load step nunber 17
TI ME, 100

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 2, 0
KBC 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 6. 23e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 25
ALLSEL

LSWRI TE, 17,

|

! Load step number 18
TI ME, 125

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 2, 0
KBGC 0

ESEL, S, MAT, , 23,

BFE ALL, HGEN, , 5. 39e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298

ANL-EBS-MD-000030 REV 00 V-12

November 1999



LSEL, A LI NE,, 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 25
ALLSEL

LSWRI TE, 18,

|

! Load step nunber 19
TI ME, 150

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBG 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 4. 54e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 25
ALLSEL

LSWRI TE, 19,

|

! Load step nunber 20
TI ME, 200

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBGC 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 3. 77€9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 25
ALLSEL

LSWRI TE, 20,

|

! Load step nunber 21
TI ME, 250

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBC 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 3. 31e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 25
ALLSEL

LSWRI TE, 21,

|

! Load step nunmber 22
TI ME, 300

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBGC 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 99€9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 25
ALLSEL

LSWRI TE, 22,

|

ALLSEL

LSSOLVE, 1, 22, 1, !
FI NI SH

/EXIT

ANL-EBS-MD-000030 REV 00
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/ BATCH LI ST
!

L4
I #

I #

1 # Fi | enane:

I #

I# I nput File:
1 #

I #

1 # Qut put
1 #

I # Description:
I #

1 #

I #

I #

1 #

1 #

I #

1 #

1 #

I #

V#

1 #

I # Code Version:
V#

1 #

File:

ANSYS | NPUT
anr - 102

anr - 102
th_dat a. i nput

anr - 102. out

2D ANSYS Model for Analysis and Modeling Report for #
SR/ LA (anr)

Li near heat |oad: 1.55 kWm #
Enmpl acement node: Center-in-drift

Drift diameter: 5.5 neters

Drift spacing: 81 neters

WP di aneter: 1.564 neters

WP | engt h: 5.305 neters

Air Flow Rate: 10 n*3/s (10)

Intake Air Tenp.: 25 degree C

Segment No: 2 (2)

Uni ts nodel ed: Al

ANSYS Revi sion 5.2

|
1
/ COM ANSYS MEDI A REV. 5.2
!

/ FI LNAM anr - 102
RESUME, ant, db, ,
/ TI TLE, 2D Model
/UNITS, S

| SHOW

!

/ NOPR

* ABB, SAVE_DB , SAVE

* ABB, RESUM DB, RESUMVE

*ABB, QUI T CFnc_/EXIT
*ABB, SHFR  ,/SHOWFI LE, , , 8
*ABB, SHFV ~ ,/SHOWFILE, , 1
*ABB, X11C  , / SHOW X11C, , , 8
* ABB, X11 ./ SHOW X11, , 1

* ABB, REPLOT , / REPLOT

* ABB, K1 ./ PNUM KP, 1

* ABB, KO , | PNUM KP, 0

! Jobnane to use for

*ABB, PONRGRPH, Fnc_/ GRAPHI CS
*ABB, ANSYSVEEB, Fnc_HonmePage

/ GO

|

| FDELE, EMAT, DELE
/ FDELE, ESAV, DELE
/ FDELE, EROT, DELE
/ FDELE, DSUB, DELE
/ FDELE, TRI, DELE
/ FDELE, OSAV, DELE
| FDELE, PAGE, DELE
!

/ SOLU

ANTYPE, TRANS
NROPT, AUTO
TOFFST, 273

TI NTP, 0. 005, ,
!

OUTPR, NSOL, LAST,
OUTRES, NSOL, LAST,

!

I C, ALL, TEMP, 25,
NSEL, S, LCC, Y, Tpcpv3
D, ALL, TEMP, 18. 7
NSEL, S, LOC, Y, Tac

D, ALL, TEMP, 32. 40
ALLSEL

SAVE
!

,0.5,0.5,0.

2

all subsequent files

(LL:1.55kW m DS: 81 DD: 5. 5n1 VT: 300yr ; FR: 10nT/ s; SN: 2)

Sol uti on phase
Transi ent
Progranchosen Newt on-Raphson option
Specify the tenperature offset:
Use defaults of transient

anal ysi s

273 K
integration

paraneters

! Sol ution printout at

| ast substep

! Solution data witten to database

! Initial

! Sel ect

! Sel ect all

! Load step number 1

TI M NT, OFF

! Turn off transient

ANL-EBS-MD-000030 REV 00

tenperature at all
al |

nodes
nodes on top surface

nodes on bottom surface

effects at the
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|

TI ME, 1le- 10

AUTOTS, 1

DELTI M le- 12, 1le-12, 1e-9,0
KBC, 0

LSWRI TE, 1,

|

TI' M NT, ON

|

!

! Load step number
TI MVE, 1le-6

AUTOTS, 1

DELTI M 1e-8, 1e-8, 1e-7,0
KBC, 1

ESEL, S, MAT, , 23,

NSLE, S

D, ALL, TEMP, 70. 0

ALLSEL

LSWRI TE, 2,

|

! Load step nunber
TI ME, le-4

AUTOTS, 1

DELTIM le-8, le-8,1e-5,0
ESEL, S, MAT, , 23,

NSLE, S

DDELE, ALL, TEMP

KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 54e10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 25
ALLSEL

LSWRI TE, 3,

|

! Load step number
TI ME, 1

AUTOTS, 1

DELTI M 0. 0005, 0. 0005, 0. 25, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 46€10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LINE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 33. 50
ALLSEL

LSWRI TE, 4,

|

! Load step nunber
TIME, 5

AUTOTS, 1

DELTI M 0. 0005, 0. 0005, 0. 25, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 23e10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 35. 83
ALLSEL

LSWRI TE, 5,

|

! Load step number
TI ME, 10

AUTOTS, 1

DELTI M 0. 0005, 0. 0005, 0.5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 02e10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LINE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 35. 27
ALLSEL

LSWRI TE, 6,

|

! Load step nunber

ANL-EBS-MD-000030 REV 00

first |oad step

! Turn on transient effects at the
rest of |oad steps

2

3

4

5

6
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TI ME, 15

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 5,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 83e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 4. 32e7, , 34. 46
ALLSEL

LSWRI TE, 7,

|

! Load step number 8
TI ME, 20

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 75,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 68e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 4. 32e7,,33.72
ALLSEL

LSWRI TE, 8,

|

! Load step nunber 9
TI ME, 26

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 75,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 52e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 4. 32e7, , 33. 02
ALLSEL

LSWRI TE, 9,

|

! Load step number 10
TI ME, 30

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 75,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 43e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 4. 32e7, , 32. 45
ALLSEL

LSWRI TE, 10,

|

! Load step nunber 11
TI ME, 40

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 23e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 4. 32e7,,31.78
ALLSEL

LSWRI TE, 11,

|

! Load step nunber 12
TI ME, 50

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 07el0,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 30. 94
ALLSEL
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LSWRI TE, 12,

|

! Load step nunber 13
Tl MVE, 60

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 9. 37e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7,, 30. 24
ALLSEL

LSWRI TE, 13,

|

! Load step number 14
TI ME, 70

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 8. 33e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7,, 29. 67
ALLSEL

LSWRI TE, 14,

|

! Load step nunber 15
TI MVE, 80

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 7. 49e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7,, 29. 21
ALLSEL

LSWRI TE, 15,

|

! Load step number 16
TI ME, 90

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 2, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 6. 80e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 28. 83
ALLSEL

LSWRI TE, 16,

!

! Load step nunber 17
TI ME, 100

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 2, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 6. 23e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 28. 52
ALLSEL

LSWRI TE, 17,

|

! Load step number 18
TI ME, 125

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 2, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 5. 39e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
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LSEL, A LI NE,, 11, 209, 198
SFL, ALL, CONV, 4. 32e7,, 28. 16
ALLSEL

LSWRI TE, 18,

|

! Load step nunber 19
TI ME, 150

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 4. 54e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7,,27.73
ALLSEL

LSWRI TE, 19,

|

! Load step nunber 20
TI ME, 200

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 3. 77e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7,, 27. 31
ALLSEL

LSWRI TE, 20,

|

! Load step nunber 21
TI ME, 250

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 3. 31e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 26. 98
ALLSEL

LSWRI TE, 21,

|

! Load step nunmber 22
TI ME, 300

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 99e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7,, 26. 76
ALLSEL

LSWRI TE, 22,

|

ALLSEL

LSSOLVE, 1, 22, 1, ! Solve with 22 | oad steps
FI NI SH

/EXIT
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/ BATCH, LI ST
!

1

I # ANSYS | NPUT

I #

1 # Fi | enane: anr - 103

I #

V# I nput File: anr - 103. dat

1 # th_dat a. i nput

I #

V# Qutput File: anr - 103. out

1#

I # Description: 2D ANSYS Model for Analysis and Modeling Report for
I# SR/ LA (anr)

1# Li near heat | oad: 1.55 kWm

I # Enmpl acement node: Center-in-drift
1# Drift diameter: 5.5 neters

1 # Drift spacing: 81 neters

1 # WP di aneter: 1.564 neters
I # WP | engt h: 5.305 neters
I # Air Flow Rate: 10 m3/s (10)
1 # Intake Air Tenp.: 25 degree C

1 # Segnent No: 3 (3)

1# Uni ts nodel ed: Al

1#

I # Code Version: ANSYS Revi sion 5.2

1#

1#

!
!
/ OV, ANSYS MEDI A REV. 5.2
!

/ FI LNAM, ant - 103
RESUME, ant, db, ,

/ TITLE 2D Model

/UNI'TS, SI

/ SHOW

!

/ NOPR

* ABB, SAVE_DB , SAVE

* ABB, RESUM_DB, RESUMVE

! Jobnane to use for

all subsequent files

(LL:1.55kW m DS: 81m DD: 5. 5m VT: 300yr; FR: 10n/ s; SN: 3)

*ABB, QUI T CFnc_/EXIT
*ABB, SHFR  ,/SHOWFILE, , , 8
*ABB, SHFV ~ ,/SHOW FILE, , 1
*ABB, X11C  , / SHOW X11C, , , 8
* ABB, X11 ./ SHOW X11, , 1

* ABB, REPLOT , / REPLOT

* ABB, K1 ./ PNUM KP, 1

* ABB, KO , | PNUM KP, 0

* ABB, POARGRPH, Fnc_/ GRAPHI CS
*ABB, ANSYSVEB, Fnc_HomePage
/ GO

|

| FDELE, EMAT, DELE

| FDELE, ESAV, DELE

/ FDELE, EROT, DELE

/ FDELE, DSUB, DELE

/ FDELE, TRI , DELE

| FDELE, OSAV, DELE

| FDELE, PAGE, DELE

|

/ SOLU

ANTYPE, TRANS
NROPT, AUTO
TOFFST, 273

TI NTP, 0. 005, ,
|

OUTPR, NSOL, LAST, !
OUTRES, NSOL, LAST, !
|

I C, ALL, TEMP, 25,

NSEL, S, LCC, Y, Tpcpv3

D, ALL, TEWP, 18. 7

NSEL, S, LOC, Y, Tac !

D, ALL, TEMP, 32. 40

ALLSEL

SAVE

|

! Load step nunber
TI M NT, OFF

,0.5,0.5,0.2

ANL-EBS-MD-000030 REV 00

Sol uti on phase
Transi ent anal ysis
Progranchosen Newt on-Raphson option
Specify the tenperature offset: 273 K
Use defaults of transient integration
paraneters
Sol ution printout at |ast substep
Solution data witten to database

! Initial
! Sel ect

tenperature at all nodes
all nodes on top surface
nodes on bottom surface

Sel ect all

1

! Turn off transient effects at the
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|

TI ME, 1le- 10

AUTOTS, 1

DELTI M le- 12, 1le-12, 1e-9,0
KBGC 0

LSWRI TE, 1,

|

TI M NT, ON

|

!

! Load step number
TI ME, le-6

AUTOTS, 1

DELTI M le-8, 1le-8,1e-7,0
KBC, 1

ESEL, S, MAT, , 23,

NSLE, S

D, ALL, TEMP, 70. 0

ALLSEL

LSWRI TE, 2,

|

! Load step nunber
TIME, le-4

AUTOTS, 1

DELTI M le-8, 1le-8, 1e-5,0
ESEL, S, MAT, , 23,

NSLE, S

DDELE, ALL, TEMP

KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 54e10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 25
ALLSEL

LSWRI TE, 3,

|

! Load step number
TIME, 1

AUTOTS, 1

DELTI M 0. 0005, 0. 0005, 0. 25, 0
KBGC 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 46€10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LINE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 40. 41
ALLSEL

LSWRI TE, 4,

|

! Load step nunber
TIME, 5

AUTOTS, 1

DELTI M 0. 0005, 0. 0005, 0. 25, 0
KBGC 0

ESEL, S, MAT, , 23,

BFE ALL, HGEN, , 2. 23e10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A LINE,, 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 45. 67
ALLSEL

LSWRI TE, 5,

|

! Load step number
TI ME, 10

AUTOTS, 1

DELTI M 0. 0005, 0. 0005, 0.5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 02e10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LINE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7,,45. 11
ALLSEL

LSWRI TE, 6,

|

! Load step nunber

ANL-EBS-MD-000030 REV 00

first |oad step

! Turn on transient effects at the
rest of |oad steps
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TI ME, 15

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 5,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 83e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 4. 32e7, , 43. 63
ALLSEL

LSWRI TE, 7,

|

! Load step number 8
TI ME, 20

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 75,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 68e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 4. 32e7,,42. 20
ALLSEL

LSWRI TE, 8,

|

! Load step nunber 9
TI ME, 26

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 75,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 52e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 4. 32e7, , 40. 85
ALLSEL

LSWRI TE, 9,

|

! Load step nunber 10
TI ME, 30

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 75,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 43e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 4. 32e7,,39.73
ALLSEL

LSWRI TE, 10,

|

! Load step nunber 11
TI ME, 40

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 23e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 4. 32e7, , 38. 44
ALLSEL

LSWRI TE, 11,

|

! Load step nunmber 12
TI ME, 50

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 07el0,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 36. 82
ALLSEL
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LSWRI TE, 12,

|

! Load step nunber 13
TI ME, 60

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 9. 37e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 35. 44
ALLSEL

LSWRI TE, 13,

|

! Load step number 14
TI ME, 70

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 8. 33e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7,, 34. 31
ALLSEL

LSWRI TE, 14,

|

! Load step nunber 15
TI MVE, 80

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 7. 49e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7,, 33. 40
ALLSEL

LSWRI TE, 15,

|

! Load step number 16
TI ME, 90

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 2, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 6. 80e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 32. 65
ALLSEL

LSWRI TE, 16,

!

! Load step nunber 17
TI ME, 100

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 2, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 6. 23e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 32. 02
ALLSEL

LSWRI TE, 17,

|

! Load step number 18
TI ME, 125

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 2, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 5. 39e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
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LSEL, A LI NE,, 11, 209, 198
SFL, ALL, CONV, 4. 32e7,, 31. 32
ALLSEL

LSWRI TE, 18,

|

! Load step nunber 19
TI ME, 150

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 4. 54e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7,, 30. 48
ALLSEL

LSWRI TE, 19,

|

! Load step nunber 20
TI ME, 200

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 3. 77e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7,, 29. 65
ALLSEL

LSWRI TE, 20,

|

! Load step nunber 21
TI ME, 250

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 3. 31e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 28. 99
ALLSEL

LSWRI TE, 21,

|

! Load step nunmber 22
TI ME, 300

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 99e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7,, 28. 55
ALLSEL

LSWRI TE, 22,

|

ALLSEL

LSSOLVE, 1, 22, 1, ! Solve with 22 | oad steps
FI NI SH

/EXIT
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/ BATCH LI ST
!

1

I # ANSYS | NPUT

I #

1 # Fi | enane: anr - 104

I #

V# I nput File: anr - 104. dat

1 # th_dat a. i nput

I #

V# Qutput File: anr - 104. out

1#

I # Description: 2D ANSYS Model for Analysis and Modeling Report for
I# SR/ LA (anr)

1# Li near heat | oad: 1.55 kWm

I # Enmpl acement node: Center-in-drift
1# Drift diameter: 5.5 neters

1 # Drift spacing: 81 neters

1 # WP di aneter: 1.564 neters
I # WP | engt h: 5.305 neters
I # Air Flow Rate: 10 m3/s (10)
1 # Intake Air Tenp.: 25 degree C

I # Segnent No: 4 (4)

1# Uni ts nodel ed: Al

1#

I # Code Version: ANSYS Revi sion 5.2

1#

1#

|
1
/ COM ANSYS MEDI A REV. 5.2
!

/ FI LNAM anr - 104
RESUME, ant, db, ,
/ TI TLE, 2D Model
/UNITS, S

| SHOW

!

/ NOPR

* ABB, SAVE_DB , SAVE

* ABB, RESUM DB, RESUMVE

! Jobnane to use for

all subsequent files

(LL:1.55kW m DS: 81m DD: 5. 5n1 VT: 300yr ; FR: 10nT/ s; SN: 4)

*ABB, QUI T CFnc_/EXIT
*ABB, SHFR  ,/SHOWFI LE, , , 8
*ABB, SHFV ~ ,/SHOWFILE, , 1
*ABB, X11C  , / SHOW X11C, , , 8
* ABB, X11 ./ SHOW X11, , 1

* ABB, REPLOT , / REPLOT

* ABB, K1 ./ PNUM KP, 1

* ABB, KO , | PNUM KP, 0

* ABB, POANRGRPH, Fnc_/ GRAPHI CS
* ABB, ANSYSWVEB, Fnc_HonmePage
/ GO

|

| FDELE, EMAT, DELE

/ FDELE, ESAV, DELE

/ FDELE, EROT, DELE

/ FDELE, DSUB, DELE

/ FDELE, TRI, DELE

/ FDELE, OSAV, DELE

| FDELE, PAGE, DELE

|

/ SOLU

ANTYPE, TRANS
NROPT, AUTO
TOFFST, 273

TI NTP, 0. 005, ,
|

OUTPR, NSOL, LAST, !
QUTRES, NSOL, LAST, !
|

I C, ALL, TEMP, 25,

NSEL, S, LCC, Y, Tpcpv3

D, ALL, TEWP, 18. 7

NSEL, S, LOC, Y, Tac !

D, ALL, TEMP, 32. 40

ALLSEL

SAVE

|

! Load step nunber
TI M NT, OFF

,0.5,0.5,0.2

ANL-EBS-MD-000030 REV 00

Sol uti on phase
Transi ent anal ysis
Progranchosen Newt on-Raphson option
Specify the tenperature offset: 273 K
Use defaults of transient integration
paraneters
Sol ution printout at |ast substep
Solution data witten to database

! Initial
! Sel ect

tenperature at all nodes
all nodes on top surface

Select all nodes on bottom surface

1

! Turn off transient effects at the
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|

TI ME, 1le- 10

AUTQTS, 1

DELTIM le-12, le-12, 1e-9,0
KBC, 0

LSWRI TE, 1,

|

TI' M NT, ON

|

!

! Load step number
TI MVE, 1le-6

AUTOTS, 1

DELTI M 1e-8, 1e-8, 1e-7,0
KBC, 1

ESEL, S, MAT, , 23,

NSLE, S

D, ALL, TEMP, 70. 0

ALLSEL

LSWRI TE, 2,

|

! Load step nunber
TI ME, le-4

AUTOTS, 1

DELTIM le-8, le-8,1e-5,0
ESEL, S, MAT, , 23,

NSLE, S

DDELE, ALL, TEMP

KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 54e10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 25
ALLSEL

LSWRI TE, 3,

|

! Load step number
TI ME, 1

AUTOTS, 1

DELTI M 0. 0005, 0. 0005, 0. 25, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 46€10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LINE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 46. 03
ALLSEL

LSWRI TE, 4,

|

! Load step nunber
TIME, 5

AUTOTS, 1

DELTI M 0. 0005, 0. 0005, 0. 25, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 23e10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 54. 51
ALLSEL

LSWRI TE, 5,

|

! Load step number
TI ME, 10

AUTOTS, 1

DELTI M 0. 0005, 0. 0005, 0.5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 02e10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LINE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 54. 46
ALLSEL

LSWRI TE, 6,

|

! Load step nunber

ANL-EBS-MD-000030 REV 00

first |oad step
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TI ME, 15

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 5,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 83e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 4. 32e7,, 52. 49
ALLSEL

LSWRI TE, 7,

|

! Load step number 8
TI ME, 20

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 75,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 68e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 4. 32e7,, 50. 44
ALLSEL

LSWRI TE, 8,

|

! Load step nunber 9
TI ME, 26

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 75,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 52e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 4. 32e7, , 48. 48
ALLSEL

LSWRI TE, 9,

|

! Load step number 10
TI ME, 30

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 75,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 43e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 4. 32e7, , 46. 84
ALLSEL

LSWRI TE, 10,

|

! Load step nunber 11
TI ME, 40

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 23e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 4. 32e7, , 44. 97
ALLSEL

LSWRI TE, 11,

|

! Load step nunmber 12
TI ME, 50

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 07el0,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 42. 64
ALLSEL
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LSWRI TE, 12,

|

! Load step nunber 13
TI ME, 60

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 9. 37e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 40. 61
ALLSEL

LSWRI TE, 13,

|

! Load step number 14
TI ME, 70

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 8. 33e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7,, 38. 92
ALLSEL

LSWRI TE, 14,

|

! Load step nunber 15
TI MVE, 80

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 7. 49e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7,, 37.56
ALLSEL

LSWRI TE, 15,

|

! Load step number 16
TI ME, 90

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 2, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 6. 80e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 36. 45
ALLSEL

LSWRI TE, 16,

!

! Load step nunber 17
TI ME, 100

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 2, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 6. 23e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 35. 52
ALLSEL

LSWRI TE, 17,

|

! Load step number 18
TI ME, 125

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 2, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 5. 39e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
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LSEL, A LI NE,, 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 34. 49
ALLSEL

LSWRI TE, 18,

|

! Load step nunber 19
TI ME, 150

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 4. 54e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 33. 26
ALLSEL

LSWRI TE, 19,

|

! Load step nunber 20
TI ME, 200

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 3. 77e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 32. 03
ALLSEL

LSWRI TE, 20,

|

! Load step nunber 21
TI ME, 250

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 3. 31e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7,, 31. 03
ALLSEL

LSWRI TE, 21,

|

! Load step nunmber 22
TI ME, 300

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 99e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 30. 36
ALLSEL

LSWRI TE, 22,

|

ALLSEL

LSSOLVE, 1, 22, 1, ! Solve with 22 | oad steps
FI NI SH

/EXIT
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/ BATCH LI ST
!

1

I # ANSYS | NPUT

I #

1 # Fi | enane: anr - 105

I #

V# I nput File: anr - 105. dat

1 # th_dat a. i nput

I #

V# Qutput File: anr - 105. out

1#

I # Description: 2D ANSYS Model for Analysis and Modeling Report for
I# SR/ LA (anr)

1# Li near heat | oad: 1.55 kWm

I # Enmpl acement node: Center-in-drift
1# Drift diameter: 5.5 neters

1 # Drift spacing: 81 neters

1 # WP di aneter: 1.564 neters
I # WP | engt h: 5.305 neters
I # Air Flow Rate: 10 m3/s (10)
1 # Intake Air Tenp.: 25 degree C

1 # Segnent No: 5 (5)

1# Uni ts nodel ed: Al

1#

I # Code Version: ANSYS Revi sion 5.2

1#

1#

|
1
/ COM ANSYS MEDI A REV. 5.2
!

/ FI LNAM anr - 105
RESUME, ant, db, ,
/ TI TLE, 2D Model
/UNITS, S

| SHOW

!

/ NOPR

* ABB, SAVE_DB , SAVE

* ABB, RESUM DB, RESUMVE

! Jobnane to use for

all subsequent files

(LL:1.55kW m DS: 81 DD: 5. 5n1 VT: 300yr ; FR: 10nT/ s; SN: 5)

*ABB, QUI T CFnc_/EXIT
*ABB, SHFR  ,/SHOWFI LE, , , 8
*ABB, SHFV ~ ,/SHOWFILE, , 1
*ABB, X11C  , / SHOW X11C, , , 8
* ABB, X11 ./ SHOW X11, , 1

* ABB, REPLOT , / REPLOT

* ABB, K1 ./ PNUM KP, 1

* ABB, KO , | PNUM KP, 0

* ABB, POANRGRPH, Fnc_/ GRAPHI CS
* ABB, ANSYSWVEB, Fnc_HonmePage
/ GO

|

| FDELE, EMAT, DELE

/ FDELE, ESAV, DELE

/ FDELE, EROT, DELE

/ FDELE, DSUB, DELE

/ FDELE, TRI, DELE

/ FDELE, OSAV, DELE

| FDELE, PAGE, DELE

|

/ SOLU

ANTYPE, TRANS
NROPT, AUTO
TOFFST, 273

TI NTP, 0. 005, ,
|

OUTPR, NSOL, LAST, !
QUTRES, NSOL, LAST, !
|

I C, ALL, TEMP, 25,

NSEL, S, LCC, Y, Tpcpv3

D, ALL, TEWP, 18. 7

NSEL, S, LOC, Y, Tac !

D, ALL, TEMP, 32. 40

ALLSEL

SAVE

|

! Load step nunber
TI M NT, OFF

,0.5,0.5,0.2

ANL-EBS-MD-000030 REV 00

Sol uti on phase
Transi ent anal ysis
Progranchosen Newt on-Raphson option
Specify the tenperature offset: 273 K
Use defaults of transient integration
paraneters
Sol ution printout at |ast substep
Solution data witten to database

! Initial
! Sel ect

tenperature at all nodes
all nodes on top surface
nodes on bottom surface

Sel ect all

1

! Turn off transient effects at the
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|

TI ME, 1le- 10

AUTQTS, 1

DELTIM le-12, le-12, 1e-9,0
KBC, 0

LSWRI TE, 1,

|

TI' M NT, ON

|

!

! Load step number
TI MVE, 1le-6

AUTOTS, 1

DELTI M 1e-8, 1e-8, 1e-7,0
KBC, 1

ESEL, S, MAT, , 23,

NSLE, S

D, ALL, TEMP, 70. 0

ALLSEL

LSWRI TE, 2,

|

! Load step nunber
TI ME, le-4

AUTOTS, 1

DELTIM le-8, le-8,1e-5,0
ESEL, S, MAT, , 23,

NSLE, S

DDELE, ALL, TEMP

KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 54e10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 25
ALLSEL

LSWRI TE, 3,

|

! Load step number
TI ME, 1

AUTOTS, 1

DELTI M 0. 0005, 0. 0005, 0. 25, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 46€10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LINE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7,, 50. 59
ALLSEL

LSWRI TE, 4,

|

! Load step nunber
TIME, 5

AUTOTS, 1

DELTI M 0. 0005, 0. 0005, 0. 25, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 23e10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 62. 41
ALLSEL

LSWRI TE, 5,

|

! Load step number
TI ME, 10

AUTOTS, 1

DELTI M 0. 0005, 0. 0005, 0.5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 02e10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LINE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7,, 63. 30
ALLSEL

LSWRI TE, 6,

|

! Load step nunber

ANL-EBS-MD-000030 REV 00

first |oad step

! Turn on transient effects at the
rest of |oad steps
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TI ME, 15

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 5,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 83e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 4. 32e7,, 61. 04
ALLSEL

LSWRI TE, 7,

|

! Load step number 8
TI ME, 20

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 75,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 68e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 4. 32e7, , 58. 45
ALLSEL

LSWRI TE, 8,

|

! Load step nunber 9
TI ME, 26

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 75,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 52e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 4. 32e7, , 55. 92
ALLSEL

LSWRI TE, 9,

|

! Load step number 10
TI ME, 30

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 75,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 43e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 4. 32e7,,53.78
ALLSEL

LSWRI TE, 10,

|

! Load step nunber 11
TI ME, 40

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 23e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 4. 32e7, , 51. 37
ALLSEL

LSWRI TE, 11,

|

! Load step nunmber 12
TI ME, 50

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 07el0,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 48. 38
ALLSEL
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LSWRI TE, 12,

|

! Load step nunber 13
TI ME, 60

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 9. 37e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7,,45.72
ALLSEL

LSWRI TE, 13,

|

! Load step number 14
TI ME, 70

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 8. 33e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7,,43.51
ALLSEL

LSWRI TE, 14,

|

! Load step nunber 15
TI MVE, 80

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 7. 49e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7,,41.71
ALLSEL

LSWRI TE, 15,

|

! Load step number 16
TI ME, 90

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 2, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 6. 80e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 40. 23
ALLSEL

LSWRI TE, 16,

!

! Load step nunber 17
TI ME, 100

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 2, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 6. 23e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7,, 39. 00
ALLSEL

LSWRI TE, 17,

|

! Load step number 18
TI ME, 125

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 2, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 5. 39e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
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LSEL, A LI NE,, 11, 209, 198
SFL, ALL, CONV, 4. 32e7,, 37. 65
ALLSEL

LSWRI TE, 18,

|

! Load step nunber 19
TI ME, 150

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 4. 54e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7,, 36. 06
ALLSEL

LSWRI TE, 19,

|

! Load step nunber 20
TI ME, 200

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 3. 77e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 34. 44
ALLSEL

LSWRI TE, 20,

|

! Load step nunber 21
TI ME, 250

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 3. 31e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7,, 33. 10
ALLSEL

LSWRI TE, 21,

|

! Load step nunmber 22
TI ME, 300

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 99e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7,, 32. 19
ALLSEL

LSWRI TE, 22,

|

ALLSEL

LSSOLVE, 1, 22, 1, ! Solve with 22 | oad steps
FI NI SH

/EXIT

ANL-EBS-MD-000030 REV 00 V -33 November 1999



/ BATCH LI ST
!

1

I # ANSYS | NPUT

I #

1 # Fi | enane: anr - 106

I #

V# I nput File: anr - 106. dat

1 # th_dat a. i nput

I #

V# Qutput File: anr - 106. out

1#

I # Description: 2D ANSYS Model for Anal ysis and Mdeling Report for
I# SR/ LA (anr)

1# Li near heat | oad: 1.55 kWm

I # Enmpl acement node: Center-in-drift
1# Drift diameter: 5.5 neters

1 # Drift spacing: 81 neters

1 # WP di aneter: 1.564 neters
I # WP | engt h: 5.305 neters
I # Air Flow Rate: 10 m3/s (10)
1 # Intake Air Tenp.: 25 degree C

1 # Segnent No: 6 (6)

1# Uni ts nodel ed: Al

1#

I # Code Version: ANSYS Revi sion 5.2

1#

1#

|
1
/ COM ANSYS MEDI A REV. 5.2
!

/ FI LNAM anr - 106 !
RESUME, ant, db, ,
/ TI TLE, 2D Model
/UNITS, S

| SHOW

!

/ NOPR

* ABB, SAVE_DB , SAVE

* ABB, RESUM DB, RESUMVE

*ABB, QUI T CFnc_/EXIT
*ABB, SHFR  ,/SHOWFI LE, , , 8
*ABB, SHFV ~ ,/SHOWFILE, , 1
*ABB, X11C  , / SHOW X11C, , , 8
* ABB, X11 ./ SHOW X11, , 1

* ABB, REPLOT , / REPLOT

* ABB, K1 ./ PNUM KP, 1

* ABB, KO , | PNUM KP, 0

* ABB, POANRGRPH, Fnc_/ GRAPHI CS
* ABB, ANSYSWVEB, Fnc_HonmePage
/ GO

|

| FDELE, EMAT, DELE

/ FDELE, ESAV, DELE

/ FDELE, EROT, DELE

/ FDELE, DSUB, DELE

/ FDELE, TRI, DELE

/ FDELE, OSAV, DELE

| FDELE, PAGE, DELE

|

/ SOLU

ANTYPE, TRANS
NROPT, AUTO
TOFFST, 273

TI NTP, 0. 005, ,
|

OUTPR, NSOL, LAST, !
QUTRES, NSOL, LAST, !
|

I C, ALL, TEMP, 25,

NSEL, S, LCC, Y, Tpcpv3

D, ALL, TEWP, 18. 7

NSEL, S, LOC, Y, Tac !

D, ALL, TEMP, 32. 40

ALLSEL

SAVE

|

! Load step nunber
TI M NT, OFF

,0.5,0.5,0.2

ANL-EBS-MD-000030 REV 00

Jobnane to use for all subsequent files

(LL:1.55kW m DS: 81 DD: 5. 5n1 VT: 300yr ; FR: 10nT/ s; SN: 6)

Sol uti on phase
Transi ent anal ysis
Progranchosen Newt on-Raphson option
Specify the tenperature offset: 273 K
Use defaults of transient integration
paraneters
Sol ution printout at |ast substep
Solution data witten to database

! Initial
! Sel ect

tenper ature at all nodes
all nodes on top surface
nodes on bottom surface

Sel ect all

1

! Turn off transient effects at the
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|

TI ME, 1le- 10

AUTOTS, 1

DELTI M le- 12, 1le-12, 1e-9,0
KBGC 0

LSWRI TE, 1,

|

TI M NT, ON

|

!

! Load step number
TI MVE, 1le-6

AUTOTS, 1

DELTI M 1e-8, 1e-8, 1e-7,0
KBC, 1

ESEL, S, MAT, , 23,

NSLE, S

D, ALL, TEMP, 70. 0

ALLSEL

LSWRI TE, 2,

|

! Load step nunber
TI ME, le-4

AUTOTS, 1

DELTIM le-8, le-8,1e-5,0
ESEL, S, MAT, , 23,

NSLE, S

DDELE, ALL, TEMP

KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 54e10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 25
ALLSEL

LSWRI TE, 3,

|

! Load step number
TI ME, 1

AUTOTS, 1

DELTI M 0. 0005, 0. 0005, 0. 25, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 46€10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LINE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7,, 54. 30
ALLSEL

LSWRI TE, 4,

|

! Load step nunber
TIME, 5

AUTOTS, 1

DELTI M 0. 0005, 0. 0005, 0. 25, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 23e10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 69. 40
ALLSEL

LSWRI TE, 5,

|

! Load step number
TI ME, 10

AUTOTS, 1

DELTI M 0. 0005, 0. 0005, 0.5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 02e10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LINE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7,,71. 57
ALLSEL

LSWRI TE, 6,

|

! Load step nunber

ANL-EBS-MD-000030 REV 00

first |oad step

! Turn on transient effects at the
rest of |oad steps

2

3

4

5

6

7
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TI ME, 15

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 5,0
KBC 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 83e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 4. 32e7, , 69. 26
ALLSEL

LSWRI TE, 7,

|

! Load step number 8
TI ME, 20

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 75,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 68e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 4. 32e7,, 66. 21
ALLSEL

LSWRI TE, 8,

|

! Load step nunber 9
TI ME, 26

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 75,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 52e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 4. 32e7, , 63. 16
ALLSEL

LSWRI TE, 9,

|

! Load step number 10
TI ME, 30

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 75,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 43e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 4. 32e7,, 60. 55
ALLSEL

LSWRI TE, 10,

|

! Load step nunber 11
TI ME, 40

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 23e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 4. 32e7,,57. 64
ALLSEL

LSWRI TE, 11,

|

! Load step nunmber 12
TI ME, 50

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 07el0,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 54. 04
ALLSEL
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LSWRI TE, 12,

|

! Load step nunber 13
TI ME, 60

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 9. 37e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7,,50. 79
ALLSEL

LSWRI TE, 13,

|

! Load step number 14
TI ME, 70

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 8. 33e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 48. 06
ALLSEL

LSWRI TE, 14,

|

! Load step nunber 15
TI MVE, 80

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 7. 49e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 45. 83
ALLSEL

LSWRI TE, 15,

|

! Load step number 16
TI ME, 90

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 2, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 6. 80e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 43. 99
ALLSEL

LSWRI TE, 16,

!

! Load step nunber 17
TI ME, 100

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 2, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 6. 23e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 42. 46
ALLSEL

LSWRI TE, 17,

|

! Load step number 18
TI ME, 125

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 2, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 5. 39e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
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LSEL, A LI NE,, 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 40. 81
ALLSEL

LSWRI TE, 18,

|

! Load step nunber 19
TI ME, 150

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 4. 54e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 38. 87
ALLSEL

LSWRI TE, 19,

|

! Load step nunber 20
TI ME, 200

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 3. 77e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 36. 88
ALLSEL

LSWRI TE, 20,

|

! Load step nunber 21
TI ME, 250

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 3. 31e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 35. 20
ALLSEL

LSWRI TE, 21,

|

! Load step nunmber 22
TI ME, 300

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 99e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 4. 32e7, , 34. 04
ALLSEL

LSWRI TE, 22,

|

ALLSEL

LSSOLVE, 1, 22, 1, ! Solve with 22 | oad steps
FI NI SH

/EXIT
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/ BATCH LI ST
!

1

I # ANSYS | NPUT

I #

1 # Fi | enane: anr - 151

I #

V# I nput File: anr - 151. dat

1 # th_dat a. i nput

I #

V# Qutput File: anr - 151. out

1#

I # Description: 2D ANSYS Model for Analysis and Modeling Report for
I# SR/ LA (anr)

1# Li near heat | oad: 1.55 kWm

I # Enmpl acement node: Center-in-drift
1# Drift diameter: 5.5 neters

1 # Drift spacing: 81 neters

1 # WP di aneter: 1.564 neters
I # WP | engt h: 5.305 neters
I # Air Flow Rate: 15 m3/s (15)
1 # Intake Air Tenp.: 25 degree C

I # Segnent No: 1 (1)

1# Uni ts nodel ed: Al

1#

I # Code Version: ANSYS Revi sion 5.2

1#

1#

|
1
/ COM ANSYS MEDI A REV. 5.2
!

/ FI LNAM anr - 151
RESUME, ant, db, ,
/ TI TLE, 2D Model
/UNITS, S

| SHOW

!

/ NOPR

* ABB, SAVE_DB , SAVE

* ABB, RESUM DB, RESUMVE

! Jobnane to use for

all subsequent files

(LL:1.55kW m DS: 81m DD: 5. 5n1 VT: 300yr ; FR: 15n1/ s; SN: 1)

*ABB, QUI T CFnc_/EXIT
*ABB, SHFR  ,/SHOWFI LE, , , 8
*ABB, SHFV ~ ,/SHOWFILE, , 1
*ABB, X11C  , / SHOW X11C, , , 8
* ABB, X11 ./ SHOW X11, , 1

* ABB, REPLOT , / REPLOT

* ABB, K1 ./ PNUM KP, 1

* ABB, KO , | PNUM KP, 0

* ABB, POANRGRPH, Fnc_/ GRAPHI CS
* ABB, ANSYSWVEB, Fnc_HonmePage
/ GO

|

| FDELE, EMAT, DELE

/ FDELE, ESAV, DELE

/ FDELE, EROT, DELE

/ FDELE, DSUB, DELE

/ FDELE, TRI, DELE

/ FDELE, OSAV, DELE

| FDELE, PAGE, DELE

|

/ SOLU

ANTYPE, TRANS
NROPT, AUTO
TOFFST, 273

TI NTP, 0. 005, ,
|

OUTPR, NSOL, LAST, !
QUTRES, NSOL, LAST, !
|

I C, ALL, TEMP, 25,

NSEL, S, LCC, Y, Tpcpv3

D, ALL, TEWP, 18. 7

NSEL, S, LOC, Y, Tac !

D, ALL, TEMP, 32. 40

ALLSEL

SAVE

|

! Load step nunber
TI M NT, OFF

,0.5,0.5,0.2

ANL-EBS-MD-000030 REV 00

Sol uti on phase
Transi ent anal ysis
Progranchosen Newt on-Raphson option
Specify the tenperature offset: 273 K
Use defaults of transient integration
paraneters
Sol ution printout at |ast substep
Solution data witten to database

! Initial
! Sel ect

tenperature at all nodes
all nodes on top surface
nodes on bottom surface

Sel ect all

1

! Turn off transient effects at the
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|

TI ME, 1le- 10

AUTOTS, 1

DELTI M le- 12, 1le-12, 1e-9,0
KBGC 0

LSWRI TE, 1,

|

TI' M NT, ON

|

!

! Load step number
TI MVE, 1le-6

AUTOTS, 1

DELTI M 1e-8, 1e-8, 1e-7,0
KBC, 1

ESEL, S, MAT, , 23,

NSLE, S

D, ALL, TEMP, 70. 0

ALLSEL

LSWRI TE, 2,

|

! Load step nunber
TI ME, le-4

AUTOTS, 1

DELTIM le-8, le-8,1e-5,0
ESEL, S, MAT, , 23,

NSLE, S

DDELE, ALL, TEMP

KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 54e10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 25
ALLSEL

LSWRI TE, 3,

|

! Load step number
TI ME, 1

AUTOTS, 1

DELTI M 0. 0005, 0. 0005, 0. 25, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 46€10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LINE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 25
ALLSEL

LSWRI TE, 4,

|

! Load step nunber
TIME, 5

AUTOTS, 1

DELTI M 0. 0005, 0. 0005, 0. 25, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 23e10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 25
ALLSEL

LSWRI TE, 5,

|

! Load step number
TI ME, 10

AUTOTS, 1

DELTI M 0. 0005, 0. 0005, 0.5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 02e10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LINE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 25
ALLSEL

LSWRI TE, 6,

|

! Load step nunber
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TI ME, 15

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 5,0
KBC 0

ESEL, S, MAT, , 23,

BFE, ALL, HCEN, , 1. 83e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 5. 96e7, , 25
ALLSEL

LSWRI TE, 7,

|

! Load step number 8
TI ME, 20

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 75,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 68e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 5. 96e7, , 25
ALLSEL

LSWRI TE, 8,

|

! Load step nunber 9
TI ME, 26

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 75,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 52e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 5. 96e7, , 25
ALLSEL

LSWRI TE, 9,

|

! Load step number 10
TI ME, 30

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 75,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 43e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 5. 96e7, , 25
ALLSEL

LSWRI TE, 10,

|

! Load step nunber 11
TI ME, 40

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 23e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 5. 96e7, , 25
ALLSEL

LSWRI TE, 11,

|

! Load step nunmber 12
TI ME, 50

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 07el0,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 25
ALLSEL
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LSWRI TE, 12,

|

! Load step nunber 13
TI ME, 60

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 9. 37e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 25
ALLSEL

LSWRI TE, 13,

|

! Load step number 14
TI ME, 70

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 8. 33e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 25
ALLSEL

LSWRI TE, 14,

|

! Load step nunber 15
TI MVE, 80

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 7. 49e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 25
ALLSEL

LSWRI TE, 15,

|

! Load step number 16
TI ME, 90

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 2, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 6. 80e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 25
ALLSEL

LSWRI TE, 16,

!

! Load step nunber 17
TI ME, 100

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 2, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 6. 23e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 25
ALLSEL

LSWRI TE, 17,

|

! Load step number 18
TI ME, 125

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 2, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 5. 39e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
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LSEL, A LI NE,, 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 25
ALLSEL

LSWRI TE, 18,

|

! Load step nunber 19
TI ME, 150

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 4. 54e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 25
ALLSEL

LSWRI TE, 19,

|

! Load step nunber 20
TI ME, 200

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 3. 77e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 25
ALLSEL

LSWRI TE, 20,

|

! Load step nunber 21
TI ME, 250

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 3. 31e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 25
ALLSEL

LSWRI TE, 21,

|

! Load step nunmber 22
TI ME, 300

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 99e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 25
ALLSEL

LSWRI TE, 22,

|

ALLSEL

LSSOLVE, 1, 22, 1, !
FI NI SH

/EXIT

ANL-EBS-MD-000030 REV 00
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/ BATCH LI ST
!

1

I # ANSYS | NPUT

I #

1 # Fi | enane: anr - 152

I #

V# I nput File: anr - 152. dat

1 # th_dat a. i nput

I #

V# Qutput File: anr - 152. out

1#

I # Description: 2D ANSYS Model for Analysis and Modeling Report for
I# SR/ LA (anr)

1# Li near heat | oad: 1.55 kWm

I # Enmpl acement node: Center-in-drift
1# Drift diameter: 5.5 neters

1 # Drift spacing: 81 meters

1 # WP di aneter: 1.564 neters
I # WP | engt h: 5.305 neters
I # Air Flow Rate: 15 m3/s (15)
1 # I ntake Air Tenp.: 25 degree C

I # Segment No: 2 (2)

1# Uni ts nodel ed: Al

1#

I # Code Version: ANSYS Revi sion 5.2

1#

1#

|
1
/ COM ANSYS MEDI A REV. 5.2
!

/ FI LNAM anr - 152 !
RESUME, ant, db, ,
/ TI TLE, 2D Model
/UNITS, S

| SHOW

!

/ NOPR

* ABB, SAVE_DB , SAVE

* ABB, RESUM DB, RESUMVE

*ABB, QUI T CFnc_/EXIT
*ABB, SHFR  ,/SHOWFI LE, , , 8
*ABB, SHFV ~ ,/SHOWFILE, , 1
*ABB, X11C  , / SHOW X11C, , , 8
* ABB, X11 ./ SHOW X11, , 1

* ABB, REPLOT , / REPLOT

* ABB, K1 ./ PNUM KP, 1

* ABB, KO , | PNUM KP, 0

* ABB, POANRGRPH, Fnc_/ GRAPHI CS
* ABB, ANSYSWVEB, Fnc_HonmePage
/ GO

|

| FDELE, EMAT, DELE

/ FDELE, ESAV, DELE

/ FDELE, EROT, DELE

/ FDELE, DSUB, DELE

/ FDELE, TRI, DELE

/ FDELE, OSAV, DELE

| FDELE, PAGE, DELE

|

/ SOLU

ANTYPE, TRANS
NROPT, AUTO
TOFFST, 273

TI NTP, 0. 005, ,
|

OUTPR, NSOL, LAST, !
QUTRES, NSOL, LAST, !
|

I C, ALL, TEMP, 25,

NSEL, S, LCC, Y, Tpcpv3

D, ALL, TEWP, 18. 7

NSEL, S, LOC, Y, Tac !

D, ALL, TEMP, 32. 40

ALLSEL

SAVE

|

! Load step nunber
TI M NT, OFF

,0.5,0.5,0.2

ANL-EBS-MD-000030 REV 00

Jobnane to use for all subsequent files

(LL:1.55kW m DS: 81m DD: 5. 5n1 VT: 300yr ; FR: 15n1/ s; SN: 2)

Sol uti on phase
Transi ent anal ysis
Progranchosen Newt on-Raphson option
Specify the tenperature offset: 273 K
Use defaults of transient integration
paraneters
Sol ution printout at |ast substep
Solution data witten to database

! Initial
! Sel ect

tenperature at all nodes
all nodes on top surface
nodes on bottom surface

Sel ect all

1

! Turn off transient effects at the
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|

TI ME, 1le- 10

AUTOTS, 1

DELTI M le- 12, 1le-12, 1e-9,0
KBC, 0

LSWRI TE, 1,

|

TI' M NT, ON

|

!

! Load step number
TI MVE, 1le-6

AUTOTS, 1

DELTI M 1e-8, 1e-8, 1e-7,0
KBC, 1

ESEL, S, MAT, , 23,

NSLE, S

D, ALL, TEMP, 70. 0

ALLSEL

LSWRI TE, 2,

|

! Load step nunber
TI ME, le-4

AUTOTS, 1

DELTIM le-8, le-8,1e-5,0
ESEL, S, MAT, , 23,

NSLE, S

DDELE, ALL, TEMP

KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 54e10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 25
ALLSEL

LSWRI TE, 3,

|

! Load step number
TI ME, 1

AUTOTS, 1

DELTI M 0. 0005, 0. 0005, 0. 25, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 46€10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LINE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 31. 66
ALLSEL

LSWRI TE, 4,

|

! Load step nunber
TIME, 5

AUTOTS, 1

DELTI M 0. 0005, 0. 0005, 0. 25, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 23e10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 32. 62
ALLSEL

LSWRI TE, 5,

|

! Load step nunber
TI ME, 10

AUTOTS, 1

DELTI M 0. 0005, 0. 0005, 0.5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 02e10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LINE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 32. 12
ALLSEL

LSWRI TE, 6,

|

! Load step nunber
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TI ME, 15

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 5,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 83e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 5. 96e7, , 31. 53
ALLSEL

LSWRI TE, 7,

|

! Load step number 8
TI ME, 20

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 75,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 68e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 5. 96e7, , 31. 00
ALLSEL

LSWRI TE, 8,

|

! Load step nunber 9
TI ME, 26

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 75,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 52e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 5. 96e7, , 30. 51
ALLSEL

LSWRI TE, 9,

|

! Load step number 10
TI ME, 30

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 75,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 43e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 5. 96e7,, 30. 11
ALLSEL

LSWRI TE, 10,

|

! Load step nunber 11
TI ME, 40

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 23e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 5. 96e7, , 29. 64
ALLSEL

LSWRI TE, 11,

|

! Load step nunmber 12
TI ME, 50

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 07el0,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 29. 05
ALLSEL
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LSWRI TE, 12,

|

! Load step nunber 13
TI ME, 60

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 9. 37e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 28. 56
ALLSEL

LSWRI TE, 13,

|

! Load step number 14
TI ME, 70

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 8. 33e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 28. 16
ALLSEL

LSWRI TE, 14,

|

! Load step nunber 15
TI MVE, 80

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 7. 49e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 27. 84
ALLSEL

LSWRI TE, 15,

|

! Load step number 16
TI ME, 90

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 2, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 6. 80e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 27. 58
ALLSEL

LSWRI TE, 16,

!

! Load step nunber 17
TI ME, 100

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 2, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 6. 23e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 27. 37
ALLSEL

LSWRI TE, 17,

|

! Load step number 18
TI ME, 125

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 2, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 5. 39e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
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LSEL, A LI NE,, 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 27. 12
ALLSEL

LSWRI TE, 18,

|

! Load step nunber 19
TI ME, 150

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 4. 54e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 26. 83
ALLSEL

LSWRI TE, 19,

|

! Load step nunber 20
TI ME, 200

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 3. 77e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 26. 54
ALLSEL

LSWRI TE, 20,

|

! Load step nunber 21
TI ME, 250

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 3. 31e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 26. 32
ALLSEL

LSWRI TE, 21,

|

! Load step nunmber 22
TI ME, 300

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 99e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 26. 18
ALLSEL

LSWRI TE, 22,

|

ALLSEL

LSSOLVE, 1, 22, 1, ! Solve with 22 | oad steps
FI NI SH

/EXIT
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/ BATCH LI ST
!

1

I # ANSYS | NPUT

I #

1 # Fi | enane: anr - 153

I #

V# I nput File: anr - 153. dat

1 # th_dat a. i nput

I #

V# Qutput File: anr - 153. out

1#

I # Description: 2D ANSYS Model for Analysis and Modeling Report for
I# SR/ LA (anr)

1# Li near heat | oad: 1.55 kWm

I # Enmpl acement node: Center-in-drift
1# Drift diameter: 5.5 neters

1 # Drift spacing: 81 neters

1 # WP di aneter: 1.564 neters
I # WP | engt h: 5.305 neters
I # Air Flow Rate: 15 m3/s (15)
1 # Intake Air Tenp.: 25 degree C

1 # Segnent No: 3 (3)

1# Uni ts nodel ed: Al

1#

I # Code Version: ANSYS Revi sion 5.2

1#

1#

|
1
/ COM ANSYS MEDI A REV. 5.2
!

/ FI LNAM anr - 153
RESUME, ant, db, ,
/ TI TLE, 2D Model
/UNITS, S

| SHOW

!

/ NOPR

* ABB, SAVE_DB , SAVE

* ABB, RESUM DB, RESUMVE

! Jobnane to use for

all subsequent files

(LL:1.55kW m DS: 81 DD: 5. 5n1 VT: 300yr ; FR: 15n1/ s; SN: 3)

*ABB, QUI T CFnc_/EXIT
*ABB, SHFR  ,/SHOWFI LE, , , 8
*ABB, SHFV ~ ,/SHOWFILE, , 1
*ABB, X11C  , / SHOW X11C, , , 8
* ABB, X11 ./ SHOW X11, , 1

* ABB, REPLOT , / REPLOT

* ABB, K1 ./ PNUM KP, 1

* ABB, KO , | PNUM KP, 0

* ABB, POANRGRPH, Fnc_/ GRAPHI CS
* ABB, ANSYSWVEB, Fnc_HonmePage
/ GO

|

| FDELE, EMAT, DELE

/ FDELE, ESAV, DELE

/ FDELE, EROT, DELE

/ FDELE, DSUB, DELE

/ FDELE, TRI, DELE

/ FDELE, OSAV, DELE

| FDELE, PAGE, DELE

|

/ SOLU

ANTYPE, TRANS
NROPT, AUTO
TOFFST, 273

TI NTP, 0. 005, ,
|

OUTPR, NSOL, LAST, !
QUTRES, NSOL, LAST, !
|

I C, ALL, TEMP, 25,

NSEL, S, LCC, Y, Tpcpv3

D, ALL, TEWP, 18. 7

NSEL, S, LOC, Y, Tac !

D, ALL, TEMP, 32. 40

ALLSEL

SAVE

|

! Load step nunber
TI M NT, OFF

,0.5,0.5,0.2

ANL-EBS-MD-000030 REV 00

Sol uti on phase
Transi ent anal ysis
Progranchosen Newt on-Raphson option
Specify the tenperature offset: 273 K
Use defaults of transient integration
paraneters
Sol ution printout at |ast substep
Solution data witten to database

! Initial
! Sel ect

tenperature at all nodes
all nodes on top surface
nodes on bottom surface

Sel ect all

1

! Turn off transient effects at the
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|

TI ME, 1le- 10

AUTOTS, 1

DELTIM le-12, le-12, 1e-9,0
KBC, 0

LSWRI TE, 1,

|

TI' M NT, ON

|

!

! Load step number
TI MVE, 1le-6

AUTOTS, 1

DELTI M 1e-8, 1e-8, 1e-7,0
KBC, 1

ESEL, S, MAT, , 23,

NSLE, S

D, ALL, TEMP, 70. 0

ALLSEL

LSWRI TE, 2,

|

! Load step nunber
TI ME, le-4

AUTOTS, 1

DELTIM le-8, le-8,1e-5,0
ESEL, S, MAT, , 23,

NSLE, S

DDELE, ALL, TEMP

KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 54e10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 25
ALLSEL

LSWRI TE, 3,

|

! Load step number
TI ME, 1

AUTOTS, 1

DELTI M 0. 0005, 0. 0005, 0. 25, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 46€10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LINE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 37. 23
ALLSEL

LSWRI TE, 4,

|

! Load step nunber
TIME, 5

AUTOTS, 1

DELTI M 0. 0005, 0. 0005, 0. 25, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 23e10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 39. 76
ALLSEL

LSWRI TE, 5,

|

! Load step number
TI ME, 10

AUTOTS, 1

DELTI M 0. 0005, 0. 0005, 0.5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 02e10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LINE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 39. 07
ALLSEL

LSWRI TE, 6,

|

! Load step nunber
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TI ME, 15

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 5,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 83e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 5. 96e7, , 37. 95
ALLSEL

LSWRI TE, 7,

|

! Load step number 8
TI ME, 20

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 75,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 68e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 5. 96e7, , 36. 91
ALLSEL

LSWRI TE, 8,

|

! Load step nunber 9
TI ME, 26

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 75,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 52e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 5. 96e7, , 35. 95
ALLSEL

LSWRI TE, 9,

|

! Load step number 10
TI ME, 30

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 75,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 43e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 5. 96e7, , 35. 15
ALLSEL

LSWRI TE, 10,

|

! Load step nunmber 11
TI ME, 40

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 23e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 5. 96e7, , 34. 23
ALLSEL

LSWRI TE, 11,

|

! Load step nunmber 12
TI ME, 50

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 07el0,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 33. 09
ALLSEL
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LSWRI TE, 12,

|

! Load step nunber 13
TI ME, 60

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 9. 37e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 32. 12
ALLSEL

LSWRI TE, 13,

|

! Load step number 14
TI ME, 70

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 8. 33e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 31. 33
ALLSEL

LSWRI TE, 14,

|

! Load step nunber 15
TI MVE, 80

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 7. 49e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 30. 69
ALLSEL

LSWRI TE, 15,

|

! Load step number 16
TI ME, 90

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 2, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 6. 80e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 30. 17
ALLSEL

LSWRI TE, 16,

!

! Load step nunber 17
TI ME, 100

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 2, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 6. 23e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 29. 74
ALLSEL

LSWRI TE, 17,

|

! Load step number 18
TI ME, 125

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 2, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 5. 39e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
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LSEL, A LI NE,, 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 29. 26
ALLSEL

LSWRI TE, 18,

|

! Load step nunber 19
TI ME, 150

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 4. 54e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 28. 68
ALLSEL

LSWRI TE, 19,

|

! Load step nunber 20
TI ME, 200

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 3. 77e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 28. 11
ALLSEL

LSWRI TE, 20,

|

! Load step nunber 21
TI ME, 250

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 3. 31e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 27. 66
ALLSEL

LSWRI TE, 21,

|

! Load step nunmber 22
TI ME, 300

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 99e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 27. 37
ALLSEL

LSWRI TE, 22,

|

ALLSEL

LSSOLVE, 1, 22, 1, ! Solve with 22 | oad steps
FI NI SH

/EXIT
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/ BATCH LI ST
!

1

I # ANSYS | NPUT

I #

1 # Fi | enane: anr - 154

I #

V# I nput File: anr - 154. dat

1 # th_dat a. i nput

I #

V# Qutput File: anr - 154. out

1#

I # Description: 2D ANSYS Model for Analysis and Modeling Report for
I# SR/ LA (anr)

1# Li near heat | oad: 1.55 kWm

I # Enmpl acement node: Center-in-drift
1# Drift diameter: 5.5 neters

1 # Drift spacing: 81 neters

1 # WP di aneter: 1.564 neters
I # WP | engt h: 5.305 neters
I # Air Flow Rate: 15 m3/s (15)
1 # Intake Air Tenp.: 25 degree C

I # Segnent No: 4 (4)

1# Uni ts nodel ed: Al

1#

I # Code Version: ANSYS Revision 5.2

1#

1#

|
1
/ COM ANSYS MEDI A REV. 5.2
!

/ FI LNAM anr - 154
RESUME, ant, db, ,
/ TI TLE, 2D Model
/UNITS, S

| SHOW

!

/ NOPR

* ABB, SAVE_DB , SAVE

* ABB, RESUM DB, RESUMVE

! Jobnane to use for

all subsequent files

(LL:1.55kW m DS: 81 DD: 5. 5n1 VT: 300yr ; FR: 15n1/ s; SN: 4)

*ABB, QUI T CFnc_/EXIT
*ABB, SHFR  ,/SHOWFI LE, , , 8
*ABB, SHFV ~ ,/SHOWFILE, , 1
*ABB, X11C  , / SHOW X11C, , , 8
* ABB, X11 ./ SHOW X11, , 1

* ABB, REPLOT , / REPLOT

* ABB, K1 ./ PNUM KP, 1

* ABB, KO , | PNUM KP, 0

* ABB, POANRGRPH, Fnc_/ GRAPHI CS
* ABB, ANSYSWVEB, Fnc_HonmePage
/ GO

|

| FDELE, EMAT, DELE

/ FDELE, ESAV, DELE

/ FDELE, EROT, DELE

/ FDELE, DSUB, DELE

/ FDELE, TRI, DELE

/ FDELE, OSAV, DELE

| FDELE, PAGE, DELE

|

/ SOLU

ANTYPE, TRANS
NROPT, AUTO
TOFFST, 273

TI NTP, 0. 005, ,
|

OUTPR, NSOL, LAST, !
QUTRES, NSOL, LAST, !
|

I C, ALL, TEMP, 25,

NSEL, S, LCC, Y, Tpcpv3

D, ALL, TEWP, 18. 7

NSEL, S, LOC, Y, Tac !

D, ALL, TEMP, 32. 40

ALLSEL

SAVE

|

! Load step nunber
TI M NT, OFF

,0.5,0.5,0.2

ANL-EBS-MD-000030 REV 00

Sol uti on phase
Transi ent anal ysis
Progranchosen Newt on-Raphson option
Specify the tenperature offset: 273 K
Use defaults of transient integration
paraneters
Sol ution printout at |ast substep
Solution data witten to database

! Initial
! Sel ect

tenperature at all nodes
all nodes on top surface
nodes on bottom surface

Sel ect all

1

! Turn off transient effects at the
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|

TI ME, 1le- 10

AUTOTS, 1

DELTIM le-12, le-12, 1e-9,0
KBC, 0

LSWRI TE, 1,

|

TI' M NT, ON

|

!

! Load step number
TI MVE, 1le-6

AUTOTS, 1

DELTI M 1e-8, 1e-8, 1e-7,0
KBC, 1

ESEL, S, MAT, , 23,

NSLE, S

D, ALL, TEMP, 70. 0

ALLSEL

LSWRI TE, 2,

|

! Load step nunber
TI ME, le-4

AUTOTS, 1

DELTIM le-8, le-8,1e-5,0
ESEL, S, MAT, , 23,

NSLE, S

DDELE, ALL, TEMP

KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 54e10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 25
ALLSEL

LSWRI TE, 3,

|

! Load step number
TI ME, 1

AUTOTS, 1

DELTI M 0. 0005, 0. 0005, 0. 25, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 46€10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LINE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 41. 89
ALLSEL

LSWRI TE, 4,

|

! Load step nunber
TIME, 5

AUTOTS, 1

DELTI M 0. 0005, 0. 0005, 0. 25, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 23e10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 46. 38
ALLSEL

LSWRI TE, 5,

|

! Load step number
TI ME, 10

AUTOTS, 1

DELTI M 0. 0005, 0. 0005, 0.5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 02e10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LINE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 45. 81
ALLSEL

LSWRI TE, 6,

|

! Load step nunber
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TI ME, 15

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 5,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 83e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 5. 96e7, , 44. 25
ALLSEL

LSWRI TE, 7,

|

! Load step number 8
TI ME, 20

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 75,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 68e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 5. 96e7, ,42.73
ALLSEL

LSWRI TE, 8,

|

! Load step number 9
TI ME, 26

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 75,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 52e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 5. 96e7, , 41. 31
ALLSEL

LSWRI TE, 9,

|

! Load step number 10
TI ME, 30

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 75,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 43e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 5. 96e7, , 40. 13
ALLSEL

LSWRI TE, 10,

|

! Load step nunber 11
TI ME, 40

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 23e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 5. 96e7, , 38. 79
ALLSEL

LSWRI TE, 11,

|

! Load step nunmber 12
TI ME, 50

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 07el0,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 37. 12
ALLSEL
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LSWRI TE, 12,

|

! Load step nunber 13
TI ME, 60

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 9. 37e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 35. 69
ALLSEL

LSWRI TE, 13,

|

! Load step number 14
TI ME, 70

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 8. 33e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 34. 50
ALLSEL

LSWRI TE, 14,

|

! Load step nunber 15
TI MVE, 80

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 7. 49e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 33. 55
ALLSEL

LSWRI TE, 15,

|

! Load step number 16
TI ME, 90

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 2, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 6. 80e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 32. 77
ALLSEL

LSWRI TE, 16,

!

! Load step nunber 17
TI ME, 100

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 2, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 6. 23e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 32. 12
ALLSEL

LSWRI TE, 17,

|

! Load step number 18
TI ME, 125

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 2, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 5. 39e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
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LSEL, A LI NE,, 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 31. 41
ALLSEL

LSWRI TE, 18,

|

! Load step nunber 19
TI ME, 150

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 4. 54e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 30. 56
ALLSEL

LSWRI TE, 19,

|

! Load step nunber 20
TI ME, 200

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 3. 77e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7,,29.71
ALLSEL

LSWRI TE, 20,

|

! Load step nunber 21
TI ME, 250

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 3. 31e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 29. 03
ALLSEL

LSWRI TE, 21,

|

! Load step nunmber 22
TI ME, 300

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 99e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 28. 58
ALLSEL

LSWRI TE, 22,

|

ALLSEL

LSSOLVE, 1, 22, 1, ! Solve with 22 | oad steps
FI NI SH

/EXIT
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/ BATCH LI ST
!

1

I # ANSYS | NPUT

I #

1 # Fi | enane: anr - 155

I #

V# I nput File: anr - 155. dat

1 # th_dat a. i nput

I #

V# Qutput File: anr - 155. out

1#

I # Description: 2D ANSYS Model for Analysis and Modeling Report for
I# SR/ LA (anr)

1# Li near heat | oad: 1.55 kWm

I # Enmpl acement node: Center-in-drift
1# Drift diameter: 5.5 neters

1 # Drift spacing: 81 neters

1 # WP di aneter: 1.564 neters
I # WP | engt h: 5.305 neters
I # Air Flow Rate: 15 m3/s (15)
1 # Intake Air Tenp.: 25 degree C

1 # Segnent No: 5 (5)

1# Uni ts nodel ed: Al

1#

I # Code Version: ANSYS Revi sion 5.2

1#

1#

|
1
/ COM ANSYS MEDI A REV. 5.2
!

/ FI LNAM anr - 155
RESUME, ant, db, ,
/ TI TLE, 2D Model
/UNITS, S

| SHOW

!

/ NOPR

* ABB, SAVE_DB , SAVE

* ABB, RESUM DB, RESUMVE

! Jobnane to use for

all subsequent files

(LL:1.55kW m DS: 81m DD: 5. 5n1 VT: 300yr ; FR: 15n1/ s; SN: 5)

*ABB, QUI T CFnc_/EXIT
*ABB, SHFR  ,/SHOWFI LE, , , 8
*ABB, SHFV ~ ,/SHOWFILE, , 1
*ABB, X11C  , / SHOW X11C, , , 8
* ABB, X11 ./ SHOW X11, , 1

* ABB, REPLOT , / REPLOT

* ABB, K1 ./ PNUM KP, 1

* ABB, KO , | PNUM KP, 0

* ABB, POANRGRPH, Fnc_/ GRAPHI CS
* ABB, ANSYSWVEB, Fnc_HonmePage
/ GO

|

| FDELE, EMAT, DELE

/ FDELE, ESAV, DELE

/ FDELE, EROT, DELE

/ FDELE, DSUB, DELE

/ FDELE, TRI, DELE

/ FDELE, OSAV, DELE

| FDELE, PAGE, DELE

|

/ SOLU

ANTYPE, TRANS
NROPT, AUTO
TOFFST, 273

TI NTP, 0. 005, ,
|

OUTPR, NSOL, LAST, !
QUTRES, NSOL, LAST, !
|

I C, ALL, TEMP, 25,

NSEL, S, LCC, Y, Tpcpv3

D, ALL, TEWP, 18. 7

NSEL, S, LOC, Y, Tac !

D, ALL, TEMP, 32. 40

ALLSEL

SAVE

|

! Load step nunber
TI M NT, OFF

,0.5,0.5,0.2

ANL-EBS-MD-000030 REV 00

Sol uti on phase
Transi ent anal ysis
Progranchosen Newt on-Raphson option
Specify the tenperature offset: 273 K
Use defaults of transient integration
paraneters
Sol ution printout at |ast substep
Solution data witten to database

! Initial
! Sel ect

tenperature at all nodes
all nodes on top surface
nodes on bottom surface

Sel ect all

1

! Turn off transient effects at the
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|

TI ME, 1le- 10

AUTQTS, 1

DELTIM le-12, le-12, 1e-9,0
KBC, 0

LSWRI TE, 1,

|

TI' M NT, ON

|

!

! Load step number
TI MVE, 1le-6

AUTOTS, 1

DELTI M 1e-8, 1e-8, 1e-7,0
KBC, 1

ESEL, S, MAT, , 23,

NSLE, S

D, ALL, TEMP, 70. 0

ALLSEL

LSWRI TE, 2,

|

! Load step nunber
TI ME, le-4

AUTOTS, 1

DELTIM le-8, le-8,1e-5,0
ESEL, S, MAT, , 23,

NSLE, S

DDELE, ALL, TEMP

KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 54e10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 25
ALLSEL

LSWRI TE, 3,

|

! Load step number
TI ME, 1

AUTOTS, 1

DELTI M 0. 0005, 0. 0005, 0. 25, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 46€10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LINE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 45. 79
ALLSEL

LSWRI TE, 4,

|

! Load step nunber
TIME, 5

AUTOTS, 1

DELTI M 0. 0005, 0. 0005, 0. 25, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 23e10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 52. 47
ALLSEL

LSWRI TE, 5,

|

! Load step number
TI ME, 10

AUTOTS, 1

DELTI M 0. 0005, 0. 0005, 0.5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 02e10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LINE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 52. 30
ALLSEL

LSWRI TE, 6,

|

! Load step nunber

ANL-EBS-MD-000030 REV 00
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TI ME, 15

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 5,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 83e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 5. 96e7, , 50. 41
ALLSEL

LSWRI TE, 7,

|

! Load step number 8
TI ME, 20

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 75,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 68e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 5. 96e7, , 48. 45
ALLSEL

LSWRI TE, 8,

|

! Load step nunber 9
TI ME, 26

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 75,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 52e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 5. 96e7, , 46. 60
ALLSEL

LSWRI TE, 9,

|

! Load step number 10
TI ME, 30

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 75,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 43e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 5. 96e7, , 45. 04
ALLSEL

LSWRI TE, 10,

|

! Load step nunber 11
TI ME, 40

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 23e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 5. 96e7, , 43. 30
ALLSEL

LSWRI TE, 11,

|

! Load step nunmber 12
TI ME, 50

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 07el0,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 41. 15
ALLSEL
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LSWRI TE, 12,

|

! Load step nunber 13
TI ME, 60

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 9. 37e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 39. 25
ALLSEL

LSWRI TE, 13,

|

! Load step number 14
TI ME, 70

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 8. 33e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 37. 67
ALLSEL

LSWRI TE, 14,

|

! Load step nunber 15
TI MVE, 80

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 7. 49e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 36. 40
ALLSEL

LSWRI TE, 15,

|

! Load step number 16
TI ME, 90

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 2, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 6. 80e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 35. 36
ALLSEL

LSWRI TE, 16,

!

! Load step nunber 17
TI ME, 100

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 2, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 6. 23e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 34. 50
ALLSEL

LSWRI TE, 17,

|

! Load step number 18
TI ME, 125

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 2, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 5. 39e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
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LSEL, A LI NE,, 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 33. 57
ALLSEL

LSWRI TE, 18,

|

! Load step nunber 19
TI ME, 150

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 4. 54e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 32. 45
ALLSEL

LSWRI TE, 19,

|

! Load step nunber 20
TI ME, 200

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 3. 77e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 31. 34
ALLSEL

LSWRI TE, 20,

|

! Load step nunber 21
TI ME, 250

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 3. 31e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 30. 42
ALLSEL

LSWRI TE, 21,

|

! Load step nunmber 22
TI ME, 300

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 99e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 29. 80
ALLSEL

LSWRI TE, 22,

|

ALLSEL

LSSOLVE, 1, 22, 1, ! Solve with 22 | oad steps
FI NI SH

/EXIT
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/ BATCH LI ST
!

1

I # ANSYS | NPUT

I #

1 # Fi | enane: anr - 156

I #

V# I nput File: anr - 156. dat

1 # th_dat a. i nput

I #

V# Qutput File: anr - 156. out

1#

I # Description: 2D ANSYS Model for Analysis and Modeling Report for
I# SR/ LA (anr)

1# Li near heat | oad: 1.55 kWm

I # Enmpl acement node: Center-in-drift
1# Drift diameter: 5.5 neters

1 # Drift spacing: 81 neters

1 # WP di aneter: 1.564 neters
I # WP | engt h: 5.305 neters
I # Air Flow Rate: 15 m3/s (15)
1 # Intake Air Tenp.: 25 degree C

1 # Segnent No: 6 (6)

1# Uni ts nodel ed: Al

1#

I # Code Version: ANSYS Revi sion 5.2

1#

1#

|
1
/ COM ANSYS MEDI A REV. 5.2
!

/ FI LNAM anr - 156 !
RESUME, ant, db, ,
/ TI TLE, 2D Model
/UNITS, S

| SHOW

!

/ NOPR

* ABB, SAVE_DB , SAVE

* ABB, RESUM DB, RESUMVE

*ABB, QUI T CFnc_/EXIT
*ABB, SHFR  ,/SHOWFI LE, , , 8
*ABB, SHFV ~ ,/SHOWFILE, , 1
*ABB, X11C  , / SHOW X11C, , , 8
* ABB, X11 ./ SHOW X11, , 1

* ABB, REPLOT , / REPLOT

* ABB, K1 ./ PNUM KP, 1

* ABB, KO , | PNUM KP, 0

* ABB, POANRGRPH, Fnc_/ GRAPHI CS
* ABB, ANSYSWVEB, Fnc_HonmePage
/ GO

|

| FDELE, EMAT, DELE

/ FDELE, ESAV, DELE

/ FDELE, EROT, DELE

/ FDELE, DSUB, DELE

/ FDELE, TRI, DELE

/ FDELE, OSAV, DELE

| FDELE, PAGE, DELE

|

/ SOLU

ANTYPE, TRANS
NROPT, AUTO
TOFFST, 273

TI NTP, 0. 005, ,
|

OUTPR, NSOL, LAST, !
QUTRES, NSOL, LAST, !
|

I C, ALL, TEMP, 25,

NSEL, S, LCC, Y, Tpcpv3

D, ALL, TEWP, 18. 7

NSEL, S, LOC, Y, Tac !

D, ALL, TEMP, 32. 40

ALLSEL

SAVE

|

! Load step nunber
TI M NT, OFF

,0.5,0.5,0.2

ANL-EBS-MD-000030 REV 00

Jobnane to use for all subsequent files

(LL:1.55kW m DS: 81 DD: 5. 5n1 VT: 300yr ; FR: 15n1/ s; SN: 6)

Sol uti on phase
Transi ent anal ysis
Progranchosen Newt on-Raphson option
Specify the tenperature offset: 273 K
Use defaults of transient integration
paraneters
Sol ution printout at |ast substep
Solution data witten to database

! Initial
! Sel ect

tenperature at all nodes
all nodes on top surface

Sel ect all nodes on bottom surface

1

! Turn off transient effects at the
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|

TI ME, 1le- 10

AUTOTS, 1

DELTIM le-12, le-12, 1e-9,0
KBC, 0

LSWRI TE, 1,

|

TI' M NT, ON

|

!

! Load step number
TI MVE, 1le-6

AUTOTS, 1

DELTI M 1e-8, 1e-8, 1e-7,0
KBC, 1

ESEL, S, MAT, , 23,

NSLE, S

D, ALL, TEMP, 70. 0

ALLSEL

LSWRI TE, 2,

|

! Load step nunber
TI ME, le-4

AUTOTS, 1

DELTIM le-8, le-8,1e-5,0
ESEL, S, MAT, , 23,

NSLE, S

DDELE, ALL, TEMP

KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 54e10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 25
ALLSEL

LSWRI TE, 3,

|

! Load step number
TI ME, 1

AUTOTS, 1

DELTI M 0. 0005, 0. 0005, 0. 25, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 46€10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LINE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 49. 05
ALLSEL

LSWRI TE, 4,

|

! Load step nunber
TIME, 5

AUTOTS, 1

DELTI M 0. 0005, 0. 0005, 0. 25, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 23e10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 58. 03
ALLSEL

LSWRI TE, 5,

|

! Load step number
TI ME, 10

AUTOTS, 1

DELTI M 0. 0005, 0. 0005, 0.5, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 02e10,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LINE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 58. 53
ALLSEL

LSWRI TE, 6,

|

! Load step nunber
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TI ME, 15

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 5,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 83e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 5. 96e7, , 56. 43
ALLSEL

LSWRI TE, 7,

|

! Load step number 8
TI ME, 20

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 75,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 68e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 5. 96e7, , 54. 08
ALLSEL

LSWRI TE, 8,

|

! Load step nunber 9
TI ME, 26

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 75,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 52e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 5. 96e7, , 51. 81
ALLSEL

LSWRI TE, 9,

|

! Load step number 10
TI ME, 30

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 0. 75,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 43e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 5. 96e7, , 49. 89
ALLSEL

LSWRI TE, 10,

|

! Load step nunber 11
TI ME, 40

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1,0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 23e10,

ALLSEL

LSEL, S, LI NE, , 10, 308, 298

LSEL, A, LI NE, , 11, 209, 198

SFL, ALL, CONV, 5. 96e7, , 47. 77
ALLSEL

LSWRI TE, 11,

|

! Load step nunber 12
TI ME, 50

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 1. 07el0,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 45. 15
ALLSEL
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LSWRI TE, 12,

|

! Load step nunber 13
TI ME, 60

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 9. 37e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 42. 81
ALLSEL

LSWRI TE, 13,

|

! Load step number 14
TI ME, 70

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 8. 33e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 40. 85
ALLSEL

LSWRI TE, 14,

|

! Load step nunber 15
TI MVE, 80

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 1, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 7. 49e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 39. 26
ALLSEL

LSWRI TE, 15,

|

! Load step number 16
TI ME, 90

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 2, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 6. 80e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 37. 96
ALLSEL

LSWRI TE, 16,

!

! Load step nunber 17
TI ME, 100

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 2, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 6. 23e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 36. 88
ALLSEL

LSWRI TE, 17,

|

! Load step nunber 18
TI ME, 125

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 2, 0
KBC, 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 5. 39e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
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LSEL, A LI NE,, 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 35. 73
ALLSEL

LSWRI TE, 18,

|

! Load step nunber 19
TI ME, 150

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBG 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 4. 54e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 34. 37
ALLSEL

LSWRI TE, 19,

|

! Load step nunber 20
TI ME, 200

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBGC 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 3. 77€9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 32. 99
ALLSEL

LSWRI TE, 20,

|

! Load step nunber 21
TI ME, 250

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBC 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 3. 31e9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A, LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 31. 84
ALLSEL

LSWRI TE, 21,

|

! Load step nunmber 22
TI ME, 300

AUTOTS, 1

DELTI M 0. 00001, 0. 00001, 5, 0
KBGC 0

ESEL, S, MAT, , 23,

BFE, ALL, HGEN, , 2. 99€9,
ALLSEL

LSEL, S, LI NE, , 10, 308, 298
LSEL, A LI NE, , 11, 209, 198
SFL, ALL, CONV, 5. 96e7, , 31. 05
ALLSEL

LSWRI TE, 22,

|

ALLSEL

LSSOLVE, 1, 22, 1, ! Solve with 22 | oad steps
FI NI SH

/EXIT
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