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Chanalai Jaroonpen 2008: A Study of Temperature Distribution inside The Neutral
Grounding Resistor Cabinet of Provincial Electricity Authority of Thailand. Master of
Engineering (Fire Protection Engineering ), Major Field: Fire Protection Engineering,
Interdisciplinary Graduate Program. Thesis Advisor: Mr. Apichart Changbamrung,

Ph.D. 102 pages.

The Provincial Electricity Authority (PEA, Thailand) has been installed Neutral Grounding
Resistor (NGR) at substation which located in the industrial zone for reducing voltage dip problem.
There found that NGRs and devices inside the cabinet were damaged because of fire in many
substations. The causing of high impedance fault or unbalance current was continuously flowing
through NGR that effected to the rising of the temperature of NGRs inside the cabinet.According to
the less ventilation system, temperature of air inside the cabinet was high due to heat collecting that
will make some of the low voltage power cable and accessories in the cabinet were damaged by

melting or deterioration of their insulation.

This research wants to study of heat rising inside the cabinet of Neutral Grounding Resistor
(NGR) because of high impedance fault or unbalance current continuously fed through the earthing
system via NGR.So the test was followed by 25 ampere,electric current was continuously fed to NGR
in order to find out the relationship between current and temperature of NGR. After the test, we found
that the temperature of NGR was 60.9°C within 1 hour after supplying 25 ampere. This result was used
to set in the flow simulation model. Simulation’s results found that the maximum temperature of air at
the top of the cabinet was 52°C when NGR’s temperature was set at 60.9°C. The maximum
temperature inside cabinet will increase if the effect of radiation from the sun is added.So that will be
causing the ignition of fire and the deterioration of many devices inside the NGR cabinet.In order to
improve air ventilation for the NGR cabinet, the ventilation fan is suggested.From the improved model
with fan, the result show that the maximum at the top cover of the cabinet was reduced enough to

prevent damage of devices and NGR in the cabinet.

Student’s signature Thesis Advisor’s signature
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sUnvuiensadaddras1d Tasldmatinvenlsmasaingy nafe aunsnivgu
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%QﬂaumﬂsmlLmazﬂsumsmuQu Wﬂ%llﬂlﬂuﬁuﬂ15wslfﬂm@]1/]ﬂﬂﬂﬂﬂ@]fﬂﬁﬂiﬁﬂrﬂ

[
L

| A Y a Y 4
FLUENT Lﬂuiﬂil!ﬂill‘ﬂEJWHElublﬁﬁ"lll1§ﬂ@ﬂﬂllﬂﬂﬂ§ﬂqﬂ@81ﬂﬁﬂuim a0

Q

1

=) Y

v v a Ay 1a £ Ao 9 o
ud luflymims lnadaensad luligUnundeadwiumnonngdnieaidudeu seesugiuuy
a qg/’ aan = . A A v . 1
NIAMNEDINA (2D) UUUN WM AW (Triangular) ‘Viii’]LL‘].l‘].lgﬂﬁﬂ”lu (Quadrilateral) a9
A aa Z [ 9/:-" = 9 =
?jﬂl!ﬂﬂﬂiﬂﬁTll?J@ (3D) Uu fﬁiniﬂi'ﬂxﬁﬁllﬂﬂﬂgﬂﬂiﬂﬁﬂuT(Tetrahedral) Eﬂ‘ﬂﬁ\‘]ﬁﬂlﬁaﬂll
' Y
(Hexahedral)31n 3415zl (Pyramid) 31/au (Wedge) tazjinsamay (Hybrid) uonvnil
Y] Y (v A A = a 9 dy an 9
FLUENT ENEJEJ:UMﬂiuﬂqmiammmmazL’e)aﬂ‘uuﬂsﬂllﬂ‘uuwugmmm’s‘ﬁmmﬂﬂﬂmwm

4
M3 lvau
2.1 yuunuTaseadraveaTasunsy (Program Structure)

sty TaseardreveaTsunsudlu lmuami 32 daumsldanuause
afuginsaaznialasldlilsunsy GAMBIT  uenvindideannsal#llsunsy TGRID
dmsvadaniagUnsaammass (Triangular) 3UN39dM(Tetrahedral) ¥303UN3915303
WY (Hybrid Volume) 21An3avenivaifioguds (Feeninsnad1aunain GAMBIT 3o

Tusunsanlszend CAD/CAE)

wenniifaansaadianialannlysinsy ANSYS (Swanson Analysis
System,Inc.), CGNS (CFD general notation system), I-DEAS(SDRC), MSC/ARIES N30

MSC/PATRAN %50 MSC/NASTRAN (MacNeal-Schwendler Corporation) 1@onde
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2.2 anuamnsaved lsunsu (Program Capabilities)

FLUENT tmangd1wsums Inavesves Inaunudada lilduazdadala
H 9 v
luginseidudou wonainil FLUENT de50950Tdsunsunmsun laiflgninis lvafiszy

E]

siunums lnafiuanaeny uazgluums Inavesdanyuznimenmiiianvatsnswoeg

24 a

A2y GIFLUENT Januainsalumssiassgiluuuieldlunisudilym ldvnare

4

JUuuy Al

2.2.1 M3 MaLUUAINAVUIZUIY (2D planar flow),M3 MaLUUABINA
HUUFUNINTANLUILAY (2D axisymmetric with swirl flow H30 rotationally symmetric flow)

Y
FINNINT IHaUUUE LA (3D flow)

a Jd Aa d' d' Y [} .
222 mi’amiwwmﬂgﬂ%Sﬂﬁmaﬂuﬂm"lmm (Quadrllateral) gﬂmmm
~ . A ~ o . = Y
a8y (Triangular) gﬂmwmmaammmsmﬁau (Hexahedral (Brick)) gﬂmqﬁwm
(Tetrahedral) §Un595TUNTOAY (Prism 150 Wedge) jUNTeilszlia (Pyramid) uaz

4 a
29A1U5NOUNTAUVUNTUHATU (Mixed element meshes)

v Y
Y

Id? [} AR
2.2.3 M3 maunlUvuiunan (Steady-state flow) tag M3 IManvuiy

1991 (Transient flow)

2.2.4 M3 wanuy luau508ada14 (Incompressible flow) #3e HUUSA

Y . { o <3 1 < ° 1 .
@nvlﬁl (Compressible  flow) ‘ﬁ‘ﬂﬂizﬂﬂﬂ’lmwﬂ Y AT IR TS (Low subsonic)
< o A v oA . < A A . g A 1
ANNITITEAUIAIN DI O (Transonic) AN UNTIOITEI (Supersonic) HAZAWITINGINT

~ a Y J .
IYUN U UNT (Hypersonic)

2.2.5 M9 Ivauvu lulianunila (nviscid flow) A3 MaLUUIIVG oL

(Laminar flow) ttazm3 Ivanuuiluiliu (Turbulent flow)

2.2.6 mi"l,wmmu Newtonian L@ non-Newtonian
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¥ 2
22.7 MINENANUTOU FI5IUNINITNIAMNT UV UITIAY (Forced
convection) mswmm%’aummiiwﬁ (Natural convection) LLazmiwmm%’ammuWﬁu
. . o 1 <3 . . .
(Mixed convection) M1 NNToUM YD IS BYe 11 (Conjugate (Solid/Fluid) Heat

transfer ) HAZMINBINSIAANNS o1 (Radiation)

2.2.8 URN301MT0NTZUIUMIHAUNINAL (Chemical species mixing and
. & 091’ 9 o3| dy = [ .
reaction) «NimmgﬂuuumimﬂwwWﬁmﬂumammﬂu (Homgeneous combustion model)
A ] 3| & a Y . =
uaxﬂwamﬂumammnu (Heterogeneous combustion model) LLazgﬂLmumiaxﬁuma

v Y
Lﬂﬂ‘ﬂgﬂi NNUND (Surface deposition/reaction model)

o o < 3 Aa
22.9 M3 1MAYOINF-VBUHAT ,MB-VOIUL LAZVDUNAI- VBN i)
[ 4
siuuums lvauundass IR 1581 a18d01U2 (Free surface and mutiphase models for gas-

liquid ,gas-solid, and liquid-solid flows)

2.2.10 MIMUIVUUUIDUVVAINIIRIUANTUNANIINTZ10 (BN,
= A 1 A 1 4 . . .
71nen,Wo9)32WDINIAIIAEINBILBITEN AN TAIY (Lagrangian trajectory calculation for

dispersed phase (particles/droplets/bubbles) ,including coupling with continuous phase )
2.2.11 HUVTIARININANIUAYY (Cavitation model )

22.12 wuydraesmsiasuan usdIMsun1SHasNaza1euIon1g

ﬂmmﬂu"llmwﬁﬂ(Phase change model for melting/solidification applications )

@ { g {
22.13 Taquiuiilu non-isotropic permeability, A1z NAAMUAIUNIY

4 o 1 < . .
VR DY (Inertial resistance) , MIINANVTPUMIUUDINT (Solid heat conduction) ,8N13L N3

4
mﬂmmﬁmmuﬁ’nﬂszTﬂﬂuuﬁum‘?ﬁﬂwau (Porous-face pressure jump conditions)

o a 4 1 o o
2.2.14 uyUMaoNNITINABITUUUNQY (Lumped parameter models) 811U

@ ¥ o A = Y
winay iy, Juwe uaziaTeauanlasuanudou
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¥ - 4 A C 44 _
22.15 nseus1ednvuiial ey wieuuuluAdoun (Inertial
(Stationary) reference frame ) tazn3aus19dLUyluiANNN0Y HToUUVIAAOUN (non-

inertial (rotating or acceleration) reference frame)

2.2.16 NIBUDNDINAN (Multiple reference frame N30 MRF) Haz 141390
A a A Y, .. . o o ° A A A
mﬂﬂﬂiﬂuﬂ‘]_Il,a@‘l!llﬂ(Shdlng mesh Optlons) AN TULUUINABDINUNTDUNTIAADUNUDUNTY

(Modeling multiple moving frame)

2.2.17 HUUIADITEUNUNTN (Mixing-plane model) AIMTUIIADING
o a2 4 .
NNWI1UUDN Rotor-stator ,mmﬂamsqm (Torque converters) uazqﬂnimgm‘u Turbomachinery
A v = o a A PRI o o . A
NANYA[AINU TﬂElfnﬁ/]fﬂll1§ﬂlﬂi’]ﬂ?j']JLL‘]J‘]J]lﬂ'J”IL‘]JLlﬂ”lﬁ'f)ialiﬂklﬂ'f]ﬂ (Mass conservation) B39

[ 4
NTOUINHUUUNYUIU (Swirl conservation)

2.2.18 HUVI1a03INTANAMAAT (Dynamic mesh model) §11135UM 31004

youaninsamnaoun nionlasunilasgils1a (Moving and deforming mesh)

22.19 USmasunasduiauia Tuudy aAnudou uazeynianiunil

(Volumetric sources of mass ,momentum,heat, and chemical species)
2.2.20 gm%’ayaﬂmﬁuﬁammi’aﬂ (Material property database)
2.2.21 5845UMSNINIUVY User-defined functions]
2.2.22 avua HU Dynamic (Two-way) coupling 1A GT-Power and WAVE
2.2.23 38451 Acoustic Module (ﬁﬁumuﬁ'aﬂmﬂamﬁnfu)
2224 59951 Magnetohydrodynamics (MHD) module (& W uu@’f oli]

Y
ONAITININN)

Y
2.2.25 59351 Continuous fiber module (@ DEYUAIDNTITNNIL)
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GAMBIT
—geometry setup
—-2D/3D Mesh generation

Geometry or Mesh

< Other CAD/CAE

Packages

2D/3D mesh Boundary mesh
Boundary and/or
Volume mesh
prePDF
—calculation of PDF
' FLUENT
look—up tables —mesh import and

adaption TGRID

.

PDF

—physical models
—boundary conditions
—material properties

D

—2D Triangular mesh
—3D Tetrahedral mesh
—2D or 3D Hybrid mesh

—calculation
—postprocessing

? mesh

M 32 uaaelaseaiiaveslalsunsy FLUENT (Basic Progam Structure)

A 4
ﬁNﬂ15ﬂ1§!ﬂﬁi’)u‘ﬂ‘Ui’Nﬂ1{lﬁﬁ

9 4
ﬂﬁﬁﬂ‘]&lﬂuﬂ%ﬂﬁ‘ﬂ%‘l"l%13ﬂHWﬁﬁﬂﬂﬂﬁiﬂmﬂﬂ’ﬂi\l%}ﬂuiﬂﬂ NGR 1ﬂ5391ﬂ1ﬁ1@85@‘ﬂ

= ' = N @ YA Yo 9 a .o
WD NLINYT Ulllulﬂﬂﬂwafl]1ﬂWu@ﬂl@\‘]ﬂﬂhlﬂi‘llﬂj'llli@u%']ﬂﬂj\‘]@TVW]EJ(SOI&I‘ Radiation) 019

9 o

manNuseuazfounduvesdauIndenTagson (Wall radiation) LazuuIAg (Sizing) wiia

ﬁ?ﬂ%ﬁﬂﬁi‘]ﬂf}ﬁmzj (Material) ?fﬁ“l%’méf (Painting and Finishing)

q

'
= 4

fruan1s lmavesernianielu ﬁTWuﬂiﬁlﬂuﬂ1§1Wﬂllﬂﬂﬂuﬂ’Ju‘ﬂﬁﬂTJ%ﬂ\W}

2

(Steady) nuvdadi bilaluszuuinanin 3 @ Feliaumsaruguiinerdesdsil

1) aunIinyNIINIa (Continuum equation)

op +V.(pv) =0

ot ()
2) AUMT INNUAY (Momentum Equations)

0 = -
g(pﬁ)—i—v.(pﬁﬁ)=—Vp+V.(r)+pg+F 3)
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3) UNINANIU (Energy Equation)

0 - = _
— (PE)+V.((PE+ p)) = v.(keﬁVT—§h i+ (@ o)+s, @

4) aums k-€ angudmiums lailuilu (Standard k-€ model)

v v v Y
uuudraeansiuiunlslumsanuluaseilsznovlUdreaunis 2 auns
ti'l d‘ a d‘ = A y 1 a =<

paasmanasunuuunAsuaastiguauiavens Inauuuiuilu Tagnarsada
NANTENY U MsWazmMsunsuuvduihuveandanu  awlsveamsmaeunnnaisan
=< @ = v = . . ~ ' =< @ y 1

D9rian N 2 AIu5Ae Turbulent kinetic energy Nz UIVBNDINAINUVOIANNTUTIIY LA

.. . = Y I =K Y y 1 o dy
dissipation ﬂﬂgllﬁﬂ\jﬁlﬁlcl"iUﬂ\‘]igﬂﬂﬂfﬂuEulliqm@Qﬂ31NﬂUﬂ3u@ﬂu

4.1) auMING1Ua1 091N 119 (Turbulent Kinetic Energy Equation)

0 8 0 ok
(k) +—(phu) = | (u+£) TN+ G, +G, - pe—Y, +8, )
ot Oox, Ox; o, Ox;

o ' Y 4 y 1
4.2) FUMIOATINTLNTVRINAINUIa U VIR u (Dissipation Rate

Equation)

2

0 0 0 U, . Oe & €
5(p8)+a(p6‘ui)=— (u+—)— +C1£;(Gk+C38Gb)—C28p7+Sg(6)

Ox ; o. Ox;

i J € J

e Cip =1.44,C 9,=1.92,C;, =0.09,0 =1.0,0, =1.3

1ag Turbulent viscosity, M7 v1lannaumMs

2
— R 4 I U {
# = pC, - o €y ilusnai
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t ad
gunsamazIzms
ginsal

l.éj Neutral Grounding Resistor

2.Data Acquisition MW-100 ¥83n03398 M3 IWihdugiinia

3.utoulamadou lWihusege auia 25 kva vee nesisnssu liliwaznagon,
m3 lwihdugiina

410599A0UNUNDS CPU Pentium IV 3.0 GHz .,RAM 1 GB,Harddisk 250 GB.
35ms
1L.AUABUMSINARDIMATUIN

A = gy X Y o o ¥ ~
NENITANKEINITIDUUUVDI NGR llﬂVl”lﬂ”liﬂﬂﬁﬂ'ﬂﬂ"lﬂﬁlﬂuiﬂﬂu”l@ NGR U93d@D1U

1 F4 Y
TWdhuuame 1 9.52009 169 hidaaslFnummageudsil

' VA J o s @ Yy 9
1.1 unseaanoial 40 LL'EJlI“lJ I3AU 360 I’JEWI WI1U®I NGR Iﬂﬁlalclfﬁllﬂllﬂﬁi
A Y o a 9 o v () A 09)1 ~ [
NATDUVUIA 25 kVA UNTNN 33 Lla’nﬂ’qmﬁﬁﬂiﬂﬂi‘ﬁlﬂﬂiiﬂﬂﬂlﬂaﬁﬂ@lﬂﬂ NGR 16
Aada < o ) D) o R Y a 4
QNWQN%W’J%@\‘] NGR Lﬂui$8$l3a1 1 ‘]5’3111\‘1 ﬂ1ilﬂ'1J“llfJiJ”aﬁl“l)'Qﬂﬂﬁﬂ!ﬂuﬂﬂﬂlﬂyﬁﬂﬂhwmﬂﬂﬁ
e ~ 1 3 9 < A
Data Acqulsmon MW100 unInn 34 GB’JEIGluﬂWiLﬂUEUE)Hﬁ wami‘wﬂamgﬂu'lﬂmumww

35

12 Hlounszuaaoiloan 25 A 198U NGR vuia 12.7 Yo Fuduwinannn 14

a

k4 1 H
o luanmalng udriagungiilasldines lumlilladadeil NGR Tagmuingiiaives NGR

dluszezingt 1 $2Tu wamasnaaouduldauning 36
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2.m3MrivaguniINlTIumMIAImgurgive il NGR

v Y Y )
msfmuaguuginldlumsasaigurgivesds NGR 1u Taninmisnaaeive

=® = Y d? & A ' A J [
ANHIDINITIDOUVYUUOI NGR  HI91NNITNAADIUNDINYNTSUTADIUDI 40 sond 15IAU 360

v
a A

Jd 1 @ 1 4 1 v o w
Thad iud1 NGR Taeldndonlasmaaeuvuia 25 kVA wuhguvgliuiueg1aiivedinmy

U g

o A Y Y 1 A £ @ A
ﬂ‘Uﬂi$L!ﬁ“ﬂmﬁlﬁl‘ﬁuazL‘lﬂ@"ﬁﬂngﬂﬂﬂﬂﬂWﬂHQ aataasnuns i luning 35

] v v 9
MnWamMsNenszud 1RNUAI NGR 0819A01il09n9NzInanSIANTUYDIgUHY IV
% Y 1 A A 1 o @ 09/’ 09)1 1
7 NGR LLﬁg%mﬂl%:(ﬁﬂTJ%ﬂﬂﬂLﬂJfJL’JﬁWWWuulﬂiﬂflﬂﬁ$lﬂﬂ! 1 ¥ 109 aeadulumsaenives

a % 9 o ng 1 9 Aa = 1 Aaa 9
UNYUUBINI NGR °1u@ NGR EII’ENLLUU%']ﬁ’EN%$Qﬂ§l\‘]ﬂﬂﬁﬂﬁ‘ﬂﬂﬂ1ﬂ‘WLN IﬂﬁlﬂWQﬂ!‘ﬁﬂ”Nﬂﬁl‘v
09/’ a 1 Jq 1 4 4 ]
HUAZOANIITUINNNTYNTLUAVUIA 25 LENUHIU NGR ¥i1a 12.7 Totiu Lﬁanmmu"lﬂ

U

@ & J c?/‘ I 1 A @ A a
1 2 Tue Fevuavesnszua i 25 weuihiwidusinszualasmassuiiiosninina
nazue lWihda199509AUIUUAIUD G ( High Impedance Fault ) #I8an15nAaoIa1udo 1.2
gnuaadlunIni 36
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mmnmﬁnﬂamwm”nmanmmullﬂ 1 ‘lf'JIiN f13 NGR uqmwﬂmaamﬂu 60.9 93fF1
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Degree Temperature,NGR 4.875 Ohm,40A

(Celcius)
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Degree Temperature of NGR ,12.7 Ohm,25A
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3. duneumsai1uuusIaes

o a o 4
$19091DUY NGR wandmal UTAH 319 2.2 1A an 2.8 1UAT 1AZF4 2.6 1NAT 1AY

e

Y]

1 o { a { a 4
1975103 GAMBIT %28 1umssraosaiumng 37 vnansanlglunsdingzy aail

a < -
YUIANTALAN A 1.53x10" @130
vian3a lngige 1.99x10° M3 19N
° sq ya e s
Puugaan 15Nz 89,864 1s5aa

NGR

Faadasxuigainmea

MW 37 1DVT1a09¢ Neutral Grounding Resistor

4. 3unoumsilszuiana

M9 1 M5NLaAIMIMruaLLUIa0g (Model)

Model Settings

Space 3D

Time Steady

Viscous Standard k-epsilon turbulence model
Wall Treatment Standard Wall Functions

Heat Transfer Enabled




M31N 1 (99)

Model Settings
Solidification and Melting Disabled
Radiation None

Species Transport Disabled
Coupled Dispersed Phase Disabled
Pollutants Disabled
Pollutants Disabled
Soot Disabled

A19197N 2 @]”IiNLLﬂﬂQf’]‘mﬁiJﬁaiﬂﬂ (Material Properties) : aluminum (solid)

Property Units Method Value(s)
Density kg/m3 constant 2719

Cp (Specific Heat) jkgk constant 871
Thermal Conductivity w/m-k constant 202.4

MM3190 3 Maanuantiaian (Material Properties) :air (fluid)

Property Units Method Value(s)
Density kg/m3 ideal-gas *

Cp (Specific Heat) jkg-k constant 1006.43
Thermal Conductivity w/m-k constant 0.0242
Viscosity kg/m-s sutherland 0
Molecular Weight kg/kgmol constant 28.966
L-J Characteristic Length angstrom constant 3.711

L-J Energy Parameter k constant 78.6




M3199 3 (M)

45

Property Units Method Value(s)
Thermal Expansion Coefficient 1/k constant 0
Degrees of Freedom - constant 0
Speed of Sound m/s none *

A15199 4 99U lvveuIva (Boundary Conditions : Heat)

Condition Value
Material Name aluminum
Thermal BC Type 0
Temperature (k) 333.90
Heat Flux (w/m2) 0
Convective Heat Transfer Coefficient (w/m2-k) 0
5191 5 Jou lvveua (Boundary Conditions :Inlets)
Condition Value
Gauge Pressure (pascal) 0
Backflow Total Temperature (k) 307.60
A1519% 6 [9ou lyveuIva (Boundary Conditions :Wall)
Condition Value
Wall Thickness (m) 0
Heat Generation Rate (w/m3) 0
Material Name aluminum
Thermal BC Type 1
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M3199 6 (AD)

Condition Value
Temperature (k) 300
Heat Flux (w/m2) 0
Convective Heat Transfer Coefficient (w/m2-k) 0

ﬂﬁN‘ﬁ 7 ﬂ”liﬂ’JiJf’]‘ﬂJmiuﬁlﬁﬁJﬂ”li (Solver Control :Equations)

Equation Solved
Flow Yes
Turbulence Yes
Energy Yes

M990 8 ﬂ”liﬂ’JiJf’]‘ﬂJmSuﬁ}ﬁﬁJﬂ”li (Solver Control :Pressure-Velocity Coupling)

Parameter Value

Type SIMPLE

M135199 9 ﬂ”liﬂ’JiJf’]‘ﬂJmiuﬁlﬁﬁJﬂ”li (Solver Control :Discretization Scheme)

Variable Scheme
Pressure Standard
Density Second Order Upwind
Momentum Second Order Upwind
Turbulent Kinetic Energy Second Order Upwind
Turbulent Dissipation Rate Second Order Upwind

Energy Second Order Upwind
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Joyad1mAlinved NGR 9INAWAA (Technical Data of NGR)
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MIHUINT U1 Foyad1umAlnved NGR 9InAHEA (Technical Data of NGR)

Nominal Resistance at 20°C

12.7 ohm

Resistance Material

NiCr3020 , mat.ref.1.4860

Resistance Temperature Coefficient <0.00031 /K
Manufacturing Tolerance +10%

Rated Short Circuit Time Current 1000 A ,10s
Rated Continuous Current Max. 10A

Rated Energy Consumption 127 MJ
Temperature Rise When Carrying Short Circuit Current Max.760 °C
Min. Cooling Down Time after Energy Consumption 2 hr

Ambient Temperature max. 50°C
Protection Class for Mounting into Steel Cubicle 1POO
Supporting Frame made from CrNi 1810

Terminal made from

Nickel plated copper
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uuDIBNamInuaNsuAUaee (2" -order Upwind Differencing Scheme)

4
=<

BuDURUIT AR IANANSUAUdee gnannTEIaNuuiui lumsdunaligeiu
o ¢ o { s 4
TAge 1B YNIUVEIUBUNIADS (Taylor Series Expansion) 1IN/ sNgagudnalsvasad

a Y o 1 Ay Aa s 1 Yy
¥o31/51103217N 13NN IUTZNUMAI NABINTNAAFAAUARZATUAITANNT
P, =9+Vo-AS
{ "o . @ s 1 { J ¢
Tagii @ uaz V@ AvmAwlsnyeguinarusadiagal Gradient AWthvouaaa

d AS o namedszezvinyaguinardlufiuwad a1V @ fusazimadinldan

‘VI*E]BJ?] Divergence Theorem A481N13
l N ¥ =
_ faces
Vo =— Z 7 ¢f A

{ 1 @ 1 s a o
@ wldnnmandearvesdauls ¢ sEUINEadNegaAY
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MIMUIUMVINANAANIZLNDINA

910 Substation design calculaion criteria by ATT&EDF ,chapter 12 :ventilation system

o k -Total _ heat _loss (7)
Ventilation _rate =
AT
3
fmueld g op774 7K
kWhr

A 1 a 1 A o Y o a a d'dy
AT AD HAANYUNHNISHINDINANUUVINUIUNHNUDINIANTSUIYDDN Tunsl

o Y
fviuala
Ao 9 & a Y o
Imaniuugungivesaniziadonlassey = 38°C =311K
A I~ Ao v o Y o)
pmanszeeenitlugurgimgamelugneoniula = 50°c =323k

Ed

anudouinatunielug (Total Heat Loss) = 'R

= (25)(12.7)
= 7.9375kW
1@ Ventilation _rate = 2774x7.9375
(323-311)

1,834.885 CMH

1,079.972 cfin

A o pRp 9 A
9NV UIANAIUNUATUNDIANAIA AD VUIA 1,060 cfin
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