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1. PURPOSE/OBJECTIVE

The purpose of this calculation 1s to determine the transient temperature profiles of the Byron and
Braidwood Main Control Rooms and Unst 1/ 2 Auxihiary Electnical Equipment Room:s (AEERs)
following a loss of the Main Control Room Ventilation (VC) system. which 1s disabled as a result
of fire damage to the power circun. The fire 1s physically separate from the VC svster envelope,
and therefore. 1t does not have an impact on tie transient temperature profiles of the Main Control
Room and the AEERs other than causing the loss of ventilation

2. METHODOLOGY/ACCEPTANCE CRITERIA
2.1.  Defimtions

The definitions of terms that are used frequently throughout the calculation are given below.

Heat Structure: A sohd object of umform thickness that 1s modeled using one dimensional
conduction.

Room Volume: A distinct voiume of air enclosed by walls, ceilings, and floors.
Room Partition:  Any wall, ceiling, or floor that separates two rooms.

22 Thermal Modeling of the Main Control Room and Unit 1/2 AEERs

Following a loss of ventilation. the pnmary means of dissipating the heat load from each of the
rooms are transmussion through the walls, ceilings. and floors and air exchange with surrounding
rooms through openings such as ducts, cable penetrat:ons, and doors. During the transient period
that occurs after the loss of ventilation. mass contain:d within the rooms such as equipment and
structural steel also serves as a heat sink. In addition, the energy dissipation dvnamics of the
equip™ent gencrating heat within the rooms has an impact on t2 charactenistics of the transient
temper iture profile  Therefore, the heat dissipation from the prmary loads (electrical cabinets)
arc analyvzed The transient temperature calculation of the Main Control Room and the Unit 1/2
Auxihary Electnical Equipment Rooms involves quantifying the configuration and heat transfer
mechanisms associated with the vanious heat sinks, room volumes, and electrical cabinets and
implementing the configurations into a KITTY6 thermal transient model

The methodology used to develop the model 1s summarized m the following steps.

2.2.1. Furst, the general room arrangements, room volumes, and wall. floor, and ceiling surface areas
are determined from Reference 5.1, In addition, the surface areas of the HVAC supply ducts
within the Unit 1/2 AEERSs are also quantified The room volumes and heat structures are then
assigned node numbers and the information 1s developed into a KITTY6 (Ref 5.18) thermal
model

2.2.2. The apphcable heat transfer mechanisms becween the room volumes and cach of the heat
structures are identified and the heat transfer cocfficient data are built into heat transfer paths in
the KITTY6 (Ref 5 18) thermal model. Heat transmission between room volumes via air
exchange 1s conservatively neglected in the current model

REVISION 0. 2
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223 The initial temperatures of the Main Control Room. the Unit 1/2 AEERs. and their associated
boundanes are then used to generate initial temperature distributions through the room
parutions. The details of this process are addressed in Attachment E. The heat transfer paths
to rooms that are not actively determined in the transient model are then disconnected and
adiabatic boundary conditions are apphed at the midpoint of the partitions.

224 The heat loads within cach of the rooms that are actively modeled in the transient calculation
are obtained from Reference 5 6 The distribution of the heat load within each room between
the electrical cabinets and the other sources such as lighting is then deterruned.

2.2.5 The configurations of the electrical cabinets within the Main Control Room and the Unit 1/2
Auxihary Electrical Equipment Rooms are determined and a model of the cabinets is developed
for each room. A detailed description of the general cabinet model is given in Sections 6 5
through 6 8. The respective cabinet models are implemented in each of the rooms and the
portion of the heat load that 1s not attributable to the cabinets 1s conservaiively assumed to
dissipate directly to the room air.

2.2.6. The duration of the transient 1s set for eight hours and the model is executec.

The transient temperature profiles for the Mam Control Room and the Unit 1/2 AEERs
determined from the model and methodology described above represent conservative bounds of the
actual temperature responses for initial temperatures and Lzat loads that are less than or equal to
the values used in the calculation  The conservatism in the model 1s attributable to three primary
siaplifications. First, the adiabatic boundary condition applhed at the midpoint of the walls
underestimates heat transmission to the walls. Thus is conservative based on the fact that the
Main Control Room and the AEERs have the largest specific heat loads in the VC system
envelope. Therefore, the actual temperature increases in the bovndary rooms will be less than the
heat nses i the Man Control Room and AEERSs over the duration of the transient. Second. the
cabinet model that is utilized 1s conservative, therefore, the heat dissipation rate directly to the
room air 1s conservatively maximized The details of the cabinet model are discussed in Sections
6.5 through 6 8. In addition, heat transfer to the bounding rooms with smaller specific heat loads
via air exchange is conservatively neglected  This simplification also neglects the air flow that
occurs as a result of coast down of the fans in the VC system  Finally, the amount of mass
available as heat sinks within each of the rooms is conservatively estimated.

Acceptance Criteria

There are no specific acceptance criteria that apply to the results of this calculation.

REVISION NO
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3 ASSUMPTIONS

31

32

33

36

All of the room dimensions are determined from Braidwood drawings. however, a sample of the
Byron drawings were examined and there were no observed differences in the configuration or
construction of the rooms modeled that would impact the results of the analvsis  Furthermore. the
heat loads utilized are the maximum values based on both plants. Therefore. the results presented
in this calculation are apphicable to both Byron and Braidwood

It 1s conservatively assumed that 80% of the equipment heat load within the Unit 1/2 AEERS is
attributable to the electrical cabinets. The remaining 20% of the heat load 1s generated primarily
from highting and other miscellaneous sources that are conservatively assumed to dissipate heat
directly to the room air. The distribution is determined by applying a lighting heat dissipation of
3.0 WA’ for an illumination of 50 foot-candles (Ref 5.15).

The control board cabinets are assumed to account for 50% of the total electrical equipment heat
load  the Main Control Room. Reference 5 15 indicates that the heat load associated with
fluorescent hights in a Main Control Room is 8.5 W/ft*. Based on the size of the Main Control
Room at Bryon and Braidwood. this would result in a lighting heat load of approximately 1.7 - 10°
Btu/hr, or 76% of the total equipment heat load used in the current analysis However, Reference
5.16 mndicates that a typical heat dissipation value for a control panel 1s 200 W/ft. Therefore, the
heat load attributable to the approximately 295 ft of control panels in the Main Control Room
would be 2.2 - 10° Bru/hr, or 89% of the total equipment heat load used in the current analysis.
Due to the fact that the control panel heat load 1s a conservatively maximized value used to
generate heat load data for ventilation requirements and the lighting heat load given for Main
Control Rooms 1s larger than other fluorescent fixtures of higher illumimnation, a cabinet heat load
equal to 50% of the total electrical equipment heat load for the Main Control Room 1s utilized as a
conservative estimate.

It 1s conservatively assumed that during the transient. the heat gencrated from the electrical
components within the cabinets 1s constant and it 1s instantaneously transferred to the cabinet air.
This is conservative due to the fact that as the ambient temperature increases, the temperature
difference between the components and the air decreases. Therefore, the components will increase
in temperature in order to achieve the heat transfer required to dissipate all of the energy
generated

Water vapor to surface radiation heat transfer 1s modeled by assuming an initial relative humidity
of 40%. This 1s not the mimimum value given in Reference 5.5, however, it is reasonably
conservative when combined with the maximum temperatures

The total volume of the Main Control Room 1s reduced by 30% and the volumes of the Unit 1/2
AEERs and upper cable spreading areas are conservatively reduced by 20% to account for
equipment within the rooms

REVISION NO 2
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Fifty percent of the electrical cabinet mass in the Unit 1/2 AEERs that 1s not accounted for by the
shell and mounting base 1s assumed to consist of steel that is available as a heat sink. This is a
conscrvative estimate based on an examnation of References 5.3 and 5 14, In addition, based on
the general construction details given in References 5.3 and 5.14. a representative thickness of
0.25" is conservatively utilized to determine the surface area of the estimated heat sink mae<

A thickness of 0.1196" (11 gauge steel sheets) 1s utilized as a representative value for the outer
shell of the electrical cabinets in the Unit 1/2 AEERs (Reference 5.14, page 10)

For the control panels in the Main Control Room, 60% of the total mass that is not accounted for
by the outer shell 1s assumed to consist of steel that 1s available as a heat sink. This value is based
on an examnation of Reference 54 A representative thickness of 0.25 inches is conservatively
used to determune the surface area of the estimated heat sink mass.

An adiabatic boundary condition 1s conservatively imposed on the walls separating the Main
Control Room and the Unit 1/2 AEERs from the other rooms within the VC system boundary
The adiabatic condition is applied at the midpoint of solid walls and it 1s apphied at the intemal
surface of the face shell of hollow masonry block walls. For the Main Control Room. the walls
adjacent to the corndors, stairwells, record storage areas, computer rooms, and restroom are
assumed to be adiabatc. For the Unit | AEER, the adiabatic assumption includes the walls
adjacent to the cable niser, record storage area, men’s shower. raen’s restroom, kitchen, Unit 1 VC
System Equipment Room, and the corndor. Simularly, the adiabatic condition is applied at the
Unit 2 AEER walls adjacent to the cable niser, Umit 2 VC Sy stem equipment room, records
storage room, corndor, security control center, and the electi anics shop. The adiabatic
assumption is conservative since, with the exception of the secunity control center, the specific
heat loads for the rooms identified are negligible in companson to the heat load of the Man
Control Room and the Unit 1/2 AEERs (Ref. 5.6). The security control center has a specific heat
load of approximately 3 & Btwhr-ft' (Ref 5.6). However, the Unit 2 AEER has a specific heat
load of approximately 4.8 Btu/hr-ft’, therefore, the adiabatic assumption is still conservative.

Heat transfer through the bullet resisting doors located between the AEERs and the Main Control
Room 1s neglected in the current model.

The distribution of the electrical equipment heat load between the various upper cable spreading
areas is not given in Reference 5.6, Therefore, the entire heat load 1s conservatively applied to
each of the upper cable spreading rooms

Air exchange between room volumes through the various penetrations and the duct work is
conservatively neglected. Based on the high heat loads of the Main Control Room and Unit 1/2
AEERSs, the temperature nises will be greater in these rooms than in the other surrounding rooms
served by the VC system. Therefore, warm air will exfiltrate from the Main Control Room and
AEER:s to the cooler rooms. Thus, neglecting the exfiltration conservatively maximizes the final
temperatures of the rooms being modeled.

It 1s assumed that the 18 °F a7 wmperzrure nse described in Reference 5.7 for motor control
centers is a reasonable guideline for all of the electrical cabinets examined in the current analysis

REVISION NO ) J
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Th gross volumes of the electrical cabinets in the Unit (/2 AEERs and the Main Control Room
a . reduced by 20% to account for the electrical compor ents and supports.

The open ventilation area in the shell of the electrical cr.binets in the Unit 1/2 AEERS is assumed
1o be 10% of the total floor area of the paneis. This estimation 1s arbiuary since the ventilation
heat transfer coefficient 1s determined such that the total cabinet heat load dissipated by ventlation
1s conserved at steady state conditions.

- The iitial temperature of the air shaft that bounds the Unit 2 AEER at column Q between

columns 23 and 24 1s conservatively assumed to be 104 °F. Ths is conservative since Reference
5.5 indicates that the shaft has a maximum temperature of 77 °F This assumption was made
because the source of tie air in the shaft was unknown at the time of the calculation

The imitial temperature gradient in the hollow blozk walls that separate the Unit 1/2 AEERs from
the intially warmer VO Equipment rooms 1s conservatively estimated by utilizing the temperature
distribution from an equivalent portion of .. “ol'd block wall with the same outer dimensions of the
hollow block and exposed to the same boundary conditions.

The Main Control Room cabinets are divided into two categonies: ventilated and non-ventilated.
The ventilated cabinets are numbers 1(2)PM01] through 1(2)PMO6J and they serve as a retum air
path for the room HVAC system. The portion of the heat load that is a.. ‘wtable to the Main
Control Room cabinets 1s conservatively placed entirely within the ventiia :d panels. Therefore,
the transmission of the cabnet heat load through the shell of the non-vent! ited panels 1s

—aservatively neglected. However, the external surfaces of the non-ventil ated panels are utilized
as a heat sink in the Main Control Ruom.

REVISION NO 2
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4. DESIGN INPUT
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The dimensions of the vano s rooms and the constructions of the walls. ceilings. and floors are
obtained from Reference 5. The resulting surface arcas and volumes are detailed in Attachment
A

The initial and rclevant post-fire temperatures of the Main Control Room, the Unit 1/2 Auxihary
Electrical Equipment Rooms, and their associated boundanes are obtained from Reference 5 5
These temperatures are summarized in Table 1.

The bounding Byron/Braidwood equipment heat loads for the Main Control Room. Unit 1/2
AEERs, and the Upper Cable Spreading Areas are:

Man Control Room 224 848 Bru/hr (Ref 5.6)
Umt Aux. Electrical Equipment Room: 160,541 Btu/hr (Ref 5.6)
Unit 2 Aux. Electrical Equipment Room: 136.411 Btu/hr (Ref 5.6)
Upper Cable Spreading Areas: 34.404 Brw/hr (Ref 5.6)

These heat loads are based on heat capacitance venfication data

The dimensions and construction details of the electrical cabinets in the AEERs and the Main
Control Room are obtamned or estimated from References 5.3 and 5 4 respectively, and the results
are detailed in Attachment B.

The thermophysical properties of dry air are obtained from Reference 5 10 The thermophysical
properties of medium and high density masonry block are estimated from References 510 and
517

The density, specific heat, and thermal conductivity of steel and steel reinforced concrete are
obtained from Reference 513

The emussivities of painted steel and concrete are obtained from References 5 10 and 5.11

The limiting sol-air temperature for a honzontal surface is 162 °F (Ref 5 8, page 26 6). The
corresponding heat transfer coefficient is 3 0 Btu/hr-°F-ft°

The minimum face shell thickness of a 12 x 8" x 16" hollow masonrv block is 1.5" (Ref 5.17).

The face sheets of the holiow metal doors are constructed of 16 gauge (U 059") steel (Ref
51.17)

, |-
REVISION NO. 12
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Table I: Summary of Initial Temperatures and Transient Conditions

Room | Rooin Description Floor Elev. Initial Transient
No. Temperature Condition
N/A Aux. Bldg. HVAC 4771 0" 122 °F 122 °F
Exhaust Tunnel
hNIA Aux. Bldg Tank Vent 477 0" 122 °F 122 °F
Area
N/A Upper CR Area “B” 463'-5" 90 °F Calculated
N/A Upper CR Area “C” 463'.5" 90 °F Calculated
N/A Upper CR Area “H” 463'-5" 90 °F Calculated
N/A Upper CR Area "G" 463'-5" 90 °F Calculated
A-409 | Man Control Room 451" 77 °F Calculated
A-401 | Unnt | AEER 451'-0" 77 °F Calculated
A-415 | Uit 2 AEER 451 '-0" 77 °F Calculated
A-408 | Unit 1 Computer Room 451'-0" 77 °F Adiabauc
A-410 | Unit 2 Computer Room 451 0" 77 °F Adiabatic
A-403 | Unit | Records Stor. Area | 451'-0" 77 °F Adiabatic
A-405 | Unit 2 Records Stor Area | 451'-0" 77 °F Adiabatic
A-411 | Mamn Control Room 451'-0" 77 °F Adiabatic
Restroom
N/A Unit 1 Cable Riser 451 -0" 77 °F Adiabatic
N/A Unit 2 Cable Riser 451 -0" 77 °F Adiabatic
N/A HVAC Eq Rm #3 451 0" 104 °F Adiabatic
N/A HVAC Eq Rm #4 451-0" 104 °F Adiabatic

REVISIONNO
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Room | Room Description Floor Elev. Initial Transient
No. Temperature Condition
N/A Unnt 172 VC System 451 0" 104 °F Adabatic
Intake Plenums
A-413 | Men's Locker Room 45]1'-0" 77 °F Adiabatc
A-414 | Men's Shower 45]1'-0" 77 °F Adiabatic
A-407 | Men’s Bathroom 451" 77 °F Adiabatic
A-406 | Kitchen 451 -0" 77 °F Adiabatic
A-402 | Control Rm Corr, 451 0" 77 °F Aduabatic
N/A Stair A-2 451 0" 77 °F Adiabatc
N/A Stair A-5 451 0" 77 °F Adiabatic
A-416 | Control Rm Corr, 451 -0" 77 °F Adiabatic
A-417 | Securnity Control Center 451'-0" 77 °F Adiabatic
A-404 | Electrical Shop 451 10" 77 °F Adiabatic
N/A Stair A-3 at4s5]'-0" 105.1 °F 105.1 °F
N/A East Aux Bldg Elevator | at451'-0" 105.1 °F 105.1 °F
T-303- | Turbine Bldg. Offices 4511 0" 77 °F 77 °F
T-306 | West of the Control Rm.
N/A Aux Bldg HVAC Intake | 451'-0" & 105.1 °F 1051 °F
and Cooling Coil Plenums | 4359+.2"
N/A Lowes CR Area “B” 4391 -0" 108 °F Adiabatic
T\l-/:— ﬂ'b;;fff R Area “D” 439 0" 108 °F Adiabatic
N/A "—L-ower CR Area “E” 439" 108 °F Adiabatic
. N/A Lower CR Area “F" 439 0" 108 °F Adiabatic
REVISION NO 2
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1993 ASHRAE Handbook: Fundamentals, I-P Edition, American Society of Heating,
Refngerating and Air Conditiomng Engineers, Inc , Atlanta, 1993

HVAC Heating and Cooling Loads, User’'s Manual, Sargent & Lundy Program No. 03.7.164-2 0,
Appendix 1 Matenial Codes & Properues, July 1995

Incropera, F P_and D P. DeWitt, Introduction to Heat Transfer, 2nd edition , John Wiley &
Sons, New York, 1990,

McAdams, W H_ . Hear Transmission, 3rd edition . McGraw-Hill Inc.. New York. 1954

Brown, WG | et al. “Heat and Moisture Flow Through Openings by Convection,” Technical
Paper, ASHRAE Joumnal, September, 1963

NUREG-0800, Section 6.2 1.5, Mimimum Contanment Pressure Analysis for Emergency Core
Cooling System Performance Capability Studies, Table I1, Revision 2, July 1981

Westinghouse Instruction Bulletin IB-103-101, Introduction to 7300 Senes Nuclear Power-Plant
Control Instrumentation, July 1974, Submitted to Commonwealth Edison under Specification F-
27020320

Sargent & Lundy Standard STD-EE-321, Lighting Intensities For Power Stations, 9/17/84
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5.16. Sargent & Lundy Standard ESC-525, Electrica) Engineering Reference for Ventilation
Requirements in Enclosed Rooms. 9/5/86.

517 Sargent & Lundy Standard SDS-E18 3, Concrete and Brick Masonry, Revision 1. 6/17/92

518 KITTY6. Thermal-Hydraulic Transients in Arbitrary Solid and/or Fluid Channel Configurations.
Sargent & Lundy Program No. 03.7 481-6 0. October, 1996
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6 CALCULATIONS

61 Nomenclature

A Surface area (ft')
A Area available for ventilation (ft’)
¢y Specific heat of air at constant pressure (Btu/lb,,-F)
F Radiation factor for surface to surface transmission (dimensionless)
g Gravitational acceleration ( = 4.17 - 10" ft/hr")
hy Heat transfer coefficient for heat exchange through a partition opening (Btu/hr-ft'-'F)
huer:  Natural convection heat transfer coefficient for a horizontal plate (Btu/hr-ft’-°F)
h, Radiation heat transfer coefficient (Btu/hr-ft*-'F)
hiw  Electrical cabinet ventilation heat transfer coefficient (Btu/hr-ft-F)
her  Natural convection heat transfer coefficient for a vertical plate (Bu/hr-ft’-°F)
Ahyr. Height from the midpoint of the lower openings of an enclosure to the Neutral Pressure
Level (ft)
K Discharge coefficient for an opening
k Thermal conductivity (Btu/hr-ft-°F)
L Mean beam length defined for a gas volume radiating to & surface (ft)
m Mass (Ib,,)
m Mass flow rate (Ib,/hr)
Q Volumetric air flow rate (ft /hr)
q Heat transfer rate (Btu/hr)
G Total cabinet heat load (Btu/hr)
Go Heat transfer rate from the outer shell of the electrical cabiets (Btu/hr)
Groom  Heat dissipation rate from electncal cabinets to a room at steady state (Btu/hr)
R Thermal resistance (°F-hr/Btu)
T, Heat structure surface temperature (°F)
Te Average room temperature (°F)
AT Temperature difference between the room air and the heat structure surface (°F)
t Thickness (ft)
v Volume (ft')
Greek.
Ly Water vapor absorptivity
X Fraction of unquantified clectrical cabinet internal stee! credited as a heat sink
€, Heat structure surface emissivity
e Water vapor emissivity
¢ Relative humudity
Y Area reduction factor for openings in the outer shell of an electrical cabinet
u Dynamic viscosity of air (Ib,/ft-hr)
v Kinematic viscosity of air (ft*/hr)
p Density (Ib,/ft’)
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Peng

o

Density of air based on the average terpperatures of two enclosures separated by a small

opening (Ib,/ft’) ‘
Stefan-Boltzman constant ( = 0.1714 - 10" Buw/hr-ft™-'R%)

E

m-.n_gggu-'-i-g‘u

g

Arr

Cabnet air

Index for a distinct section of the outer shell of an electncal cabinet
Portion of the outer shell of an electnical cabinet not exposed to room air
Index for a single electrical cabinzt

Lanunar

Total number of electricnl cabinets within a room

Natural convection

Portion of the outer shell of an electrical cabinet exposed to the room air
Openings in the outer shell of an electrical cabinet

Quantified internal electnical cabinet structural steel

Thermal radiation

Surface

Steady-state

Steel

Turbulent

Unquantified intermal electrical cabinet structural steel

Electnical cabinet ventilation

Water vapor

Internal surface of an electrical cabinet shell

External surface of an electrical cabinet shell
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62

Transient Temperature Caleulation for the Main Control Room and AEERs

As stated in Section 2. the transient iemperature profiles for the Main Control Room and the
Auxihary Electnical Equipment Rooms are determined using KITTY6 (Ref 5 18) The model
consists of 409 nodes and 701 heat transfer paths. All of the Unit 1/2 AEER and Main Control
Room boundary volumes. heat structures. and associated heat transfer paths are included in the
model. However, duc to the adiabatic assumption, many of the nodes and paths are not activated.
The KITTY6 mput file 1s given in Attachment F

Due to the large size of the model. a nodal diagram is impractical. However, the KITTY6 mnput
file given in Attachment F contains detailed annotations for each line The comments begin at the
“/" character and the first number indicates the record type with “5™ indicating a node and 6~
specifying a heat transfer path.  Each air volume node is labeled with the name of the volume it
represents and the heat structures (walls, floors, ceilings, and steel panels) are described v their
matenial composition and the two volumes that they separate. Furthermore. the wall, floor. and
ceiling nodes are also described in detail in Attachment A For the heat transfer paths. the
comments in the KITTY6 mput file include a description of the heat transfer mode (NC = Natural
Convection, Cnd = conduction, Rad = Radiation, etc ) and a summary of the surface nodes that
the path connects. For a typical heat structure. there are 5 paths natural convection and water
vapor to surface radiation on each of the two surfaces and a conduction path through the heat
structure

The heat transfer coefficients utilized in the KITTY6 model for natural convection and water
vapor to surface radiation between the room volumes and the vanious heat sinks are detailed in
Sections 6 3 and 6 4 respectively. The thermal modelg of the electrical cabinets is detailed in
Sections 6.5 through 6 8.

Natural Convection Heat Transfer Coefficient

Natural convection heat transfer between the vertical heat structures and the room volumes is
modeled using the simplified correlation for air shown below in Equation (1) (Ref 5 11, pg. 173)

hyen = 019(AT)'? (n
Natural convection heat transfer between horizontal heat structures that are heated and facing
upwards or cooled and facing downwards and the room volumes 1s modeled using the simplified
correlation for air given in Equation (2) (Ref 5.11, pg. 180)

by, = 022(AT)"? 2)
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64

The correlations of Equations (1) and (2) are applicable for turbulent conditions and they are
applied at the surfaces of walls, ceilings, floors, and elactrical cabinets. Due to the large
charactenstic lengths of the vanious room partitions (greater than 10 feet). turbulent conditions
will exist. However. upon mspection 1t is undetermined whether turbulent or laminar flow exists
on the surface of the electrical cabinets  Therefore. the applicability of the turbuicin naturai
convection heat transfer coefficients on the electrical cabinet surfaces .. addressed and justified in
Attachment C Heat transfer between the room volumes and horizontal heat structures that are
cooled and facing upwards or heated and facing downwards 1s modeled using conduction through
an air layer equal to 1/2 the height of the adjacent room.

Water Vapor to Surface Radiation Heat Transfer Coefficient

Radiation heat transfer between water vapor in the rooms and exposed heat struct re surfaces is
modcled using the fundamental relaticn shown below in Equation (3) (Ref 51