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PIYAKAN HANSAMUK : PREDICTION OF BUS FIRE BEHAVIOR
INSIDE AN AIR CONDITIONING BUS COMPARTMENT. THESIS

ADVISOR : ASST. PROF. KEERATI SULUKSNA, Ph.D., 110 PP.

AIR CONDITIONING BUS/BUS FIRE BEHAVIOR/BUS FIRE PREDICTION

This research purpose the prediction of the bus fire behavior of an Air
Conditioning Intercity bus with totally 44 seats. The study has been operated on
computer simulation using Fire Dynamics Simulator 6.0 and Smoke View software.
Six cases of bus fire have been investigated base on two fire starting positions ; rear
engine and fuel tank, three positions of exit way ; front door, rear door and emergency
door. Effect of hot air temperature, concentration of oxygen, carbon dioxide and
carbon monoxide inside a compartment during fired are considered. Understanding on
those behaviors leading to improving of emergency door installing position in order to
attain more safety conditioning.

The study found that in case of fire without exit ways and in case of rear
engine fire with emergency door have over critical limit the carbon dioxide level.
Improvement ways on those cases are following. For case of one emergency door, the
door should be installed between the position of 5.1 - 6.7 meters from the
compartment rear, This will increase more safety immigration time to 573 seconds.
For case of two emergency doors, the first door should be installed between the
position of 1.2 - 3.6 meters and the second door at 8.5 meters from compartment rear,

respectively.
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31 NIUaI LN
= k% = =
3.1.1 MIfANEIvIYanIUaa LNy
3.1.1.1 Forced Ventilation Enclosure Fire,

N.J. Alvarez and K.L.Floote, Lawrence Livermore National Laboratory

(1984) “Bsa1switinsszaeniein (Forced Ventilation Fire)
U 27 ﬂﬁ'l Lawrence Livermore National Laboratory (LLNL) L‘Lmﬁ A 1]
ARG “sn’d “maa nimw Yinn
ndw  fmamgdimssin (Natural Burning Pool Fire) Unsza
“i0n 1 AnalogPoolFire “#m13a  ~Eimn17h “u A e
1L LEER RERETI B R EEEAT hE
o osm Alvarez igauz  (1984)
D'snmm 4.5 mnanin 4.0 BULAUIAIN 6
2) ¥Eun 0.658  x0.65 By ‘naeniy (1940 X458 )y
@ 9w 3.6 mnde * ouml
3) Faanan 058039 0.12 mEmm  nw o1
4 mimoumne Ja ey CompletelyBlack
5) wiinarhmian 10 syTiRm den 1D 3.1
6) Pool fire “BuMEIUNTLABN "hug  Y0aw.91 BAJF @3N 15
wilm i “ahy 3.1
MIMIMD A58 Alvarez 1amuz  (1984)
e LLNL $19u3nsedn ® 273
g ) MOD08, MOD09, MOD27B _n niimnisag ‘ahan 15
o'iian “in anen dwonsd 6 asuadun g0

Harward (Mitler and Emmons, 1981, Mitler, 1982), LANL (Krause, 1982), LLNL
(Creighton,1982),CalTechII(Zuk oski, 1980),PNL(Orzawski,1982) 88 CalTechI(Zukoski,
1982) wdudeun “gn “mymigs i ein 8

8 1anHaImadadm N 32
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Alvarez ase  (1984)
Properties Wall Ceiling
P (kg/m3) 1440 1920
k(w/m °K) 0.39 0.63
C, (J/kg °K) 1000 1000

Q)

H Y
3 "H1(n) nizdw "edEsiin

@'m S "

(V)

(NaturalBurningPoolFire)

min 32%m an 6’ 85BN MISMIMIED  Ne 9
2178 Alvarez LB (1984)

Units Data Harvard | Cal Techl PNL LANL Call Tech 11 LLNL
Time(s) 2,200 2,200 2,200 2,200 1,800 800 300
UpperLayer temp.(°C) 252 158 287 222 282 287 287
FireStrength(kW) 330 341 399 295 391 400 287
HeatLosstowalls(kW) 270 165 329 154 313 320 400
OxygenConcentration(%) 11.0 6.8 9.4 113 9.6 - 320
LowerlayerHeight(m) 1.22 0.28 0.64 0.73 0.15

Wall Temperature 180-210 123 206 0.75
LowerLayertemp.(°C) 136 18 287 87 111 18

InletSpikemin(s) 15 2 20 20 20 30 18
InletSpike(g/s) -200 210 210 210 210 34
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3 8.3 whhan waFauNimnITe MOD27B
Y 1 A A ~ ad
@8 1019@ MOD27Bmby “dl 32778
“mnmsiianse Alvarez ueaiz  (1984) uaadana R RVREL |
] ad o @ < v <3 d.:y 4
2 iR gagn UM IAN 1100% MA NANTAIN X HIG
va e ad w a oy o o od .
dundiie “aao Bi0 e e “auasitew
mion A
3.1.1.2 Modelling of a fire in a test room,
H.K.Versteeg and W .Malalasekera (2007) 1 5ima
o a 4 o 4 .
ﬁm’m‘!lﬂﬁa HO1TD %Tﬁi Lawrence Livermore

o Y 190 '
NationalLaboratory (LLNL) @ Alvarez uaae (1984) a:lll N§ ji Uy N|
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nowhe 4B x6®  x45 menmeh Jo e usdwns

e 0128 x2@AE @ o 1 0.1 GHAANIFAANNNIZA A A
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ol TUFINADUIA 0.658 x0658M o # ®W36E (A ]

3.4Ya@M3a  an AN 10U 4008 /Av]m H.K. Versteeg
[ Y

and W . Malalasekera 1@ 817® MODO08 910NN 178 ] 27
= tg ' o A

‘a nwnaunia Alvarez uagiz 11 19877&4 “n wdisdam

& < = 2 ' A 2 g2
nsmuaalaninis e Wi aszhy  @Awa
F k4

“imnalia Isopropyl Alcohol “EA13 e ] 10U 13.1 NN/
Timannisd ‘a U (HRR) m'1A1 400 kW fsitniun 0.1
qﬁ?ﬂ Thermal Conductivity, Density 148 Specific Heat Capacity “a "N 0.39 W/mK,

1400kg/m3 1@ 1kJ/kg K afmiiga 0.63W/m.K,1920kg/m3  u@ 1kJ/kg.K aith

Y 4
mudn i agnikitange Aa uimien Perfectly
Y [
Black Radiation” 115 &52 DUNS CFD 1% U1 Simple Algorithm il uhy

k-cturbulence @ 4 Thermocouple 31190 15’ “m do @y ~Dwa
MINW CFD(n 3 33w ohiil NTREL LLNL ( ~#.6)

B WeTmENaNs o E dTan LBt

Isopropanol
spray pool fire

5 “d4ovadda Alvarez iz (1984)
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3.1.1.3 Comparison of a CFD fire model against a ventilated fire experiment in
an enclosure.

Yunlong Liu, Alfed Mo ser 48 Yehuda Sinai (2004) “Aovinsua

[ RERRL 31 T 7 msiiaensa MODO08
¥ Alvarez uaaz  (19845@insmaena Ansys. — CFX @
*E] 1 TRCTARER | 'ﬂﬂmfn 24A © k-epsilon model 48 Shear Stress
Transport (SST)model “ li % 'uaﬁw Forced Ventilation Enclosure Fire, N.J. Alvarez
uemlz  .(1984) n3am3dia 200,000 NI AW T 00028m My 1020
4 oo P . . L “ ¥ o
fanaiann v (T@  ShearStressVelocity,y f 8¢¥TA  BININN UHIAA
AamsE Y “usn, v KinematicViscosity) M3mN3aMsun Sanimn
FETHMIINULA DiscreteTransferRadiationModel(DT)  N15A47 tﬁ!m APNTAU
m3dma 8 8 " RoofMeanSquare(RMS) "B e dm o ‘m "110-6

A
A
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R g !
g g i PR i
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I e e S
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= e
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d' Q/s’ ! §} o
3 “d7mseaw ol “nues imsde YunlongLiu t@fg  (2004)
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IS5k

25F

B

E)

Gas Temperature alng the vertial line at X=1.5m

T ‘h

Cme0 @ EXP

Case A = SSTradAbs02
Case B =f= SSTnoradabso2
Caee C =P~ SSTnoradéoabso2
Caege D === KEradAbso2
Case E =B~ SSTradAbso2s
Caee F == SSTradAbs001
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“andl

.

150 200
Gas temperature C

5 “H9manszajaly Cu mdle g

250 300 J50

EastRake 1N 20



43

Gas Temperature along the vertical line at X=4.5m
4 5 T T T - s : ‘—‘:*

4} case o0 O EXP
case A —— SSTradAbso2
28 case B =@~ SSTnoradAbsoz

[ case C P SSTnorad60Abso2
Case D === KEradAbs02
3} casSe E -8- S3TradAbs025
Case F —~d= SSTradAbs001

_ 25} 4
£
> a5l |
15 -
1} 4
o5t 1
n 1 'l ]
0 150 200 250 300 350
Gas temperature (C)
5 “diomsnsznag "u mdie "M WestRake miln 20
Qﬂlﬂ}ﬂﬁ'\ ozﬂlh
MNHAUITERN BN T 101D Alvarez 1@
& R /AR »
adw “Haudimsnunuite uqlidl Sy (M Alvarez 118
an ! a o= a5 A ! A A = Y
Agn N 1 19845  wia 1987 M5W 0391015 W T U
o ¥ ak ' o < Yy 99‘/ ! = R A ! 2 J
il “w gadmIlum du N nIaiANEIe U RUEUD®S
o a¥a A v @ WA )
LLNL)%§ & @wnlmeansste waiu % "o @150iBa1Ta
< o Y ~ Qo [ aA o ] ] [ P [ o
Fe T Unsailiae weiw ‘md udo/sua Unsalh  'msm
< @ A ! o
MmN ad DRATE ) mimvazw e oie U

“n memn dasnshenenonaitimaie uiu

an1sie Alvarez ugadn “dnsima ~dumimsmnse
R

3.1.1.4 Validation of Numerical Simulations of Compartment Fires with
Forces or Natural

Ventilation Using the Fire and Smoke Simulator (FSSIM), CFAST and

CFD.JustinWilliansion,CraigBeylerandJasonFloyd,USA(2011)

3.1.1.5 CFD Analysis of Fire in a Forced Ventilated Enclosure.

L.M.Tam,V .K.Sin,S.K.LaoandH.F.Choi,China(2006)
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3.1.2 M3 ﬁﬁ)ﬂ!ﬁﬂﬂﬂiiﬁ Forced Ventilation Enclosure Fire
o a I
MIMIRT T e ok n AL g

o oA Y ¥ : 15
TRT SO TR “a uflisda o W Enclosure Area
Yo v ' 1 Y

W “oid W wl )il e s Vemin  onoa o
[ a A A 'a o [

AINIAN D BHAUET aifn ufmsw Alvarez namz  (1984)
vo ¥ a o = o = A < o Aw

@ uia fmiTED msa W duutkmsmie

msdszaananau (Pre-processor)

g eI Einy Solid Wo rk 2014
udy o 3w "ihauese Alvarez taae  (1984) w19
A 9 4.5 AN 4.0 EUAYIAE 6m ¥l (Outlet)
WA 0658 x0.65BmIu ‘awiy  (MI940E  x458 ) ME NN W36
Tnnice “ .Yl (Inlet) WA 0.5 B9
0.12 mEmy NN Wouw nisatheden 10 ssiinain
ulimin 2, Poolfire BHaEUIUNTEN  fEn ug  Ho@w0.91 BA)E ©
nszm 1Swismnde g Teduga x_t (Parasolid)
Li}a?]?ﬂ"allglﬁ 'WAsY  Autocad3D W admﬁfml .dwg (drawing) ET%nHHa 3

" B "d 312

3 “dirmsud  dgn “av nsy  SolidWork 2014
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g “di2zmsud #gw Cas 0y Autocad

Y

Y v =) 1 1 oY 1 9 ads
i u Ymsd e B NILIUMSIASH 013
A . < @ a @ o v ¥
uiisdingy Pyrosim ¥aZpainyaEn A XXy Yz 2@ B

&OBSTXB=0.0,6.0, -4.0,0.0,0.0,0.1,
&OBSTXB=0.0,0.1, -3.9,-0.1,0.1,4.4,
&OBSTXB=0.0,6.0, -4.0,-3.9,0.1,4.4,
&OBSTXB=0.0,6.0,-0.1,0.0,0.1,4.4,
&OBSTXB=5.9,6.0, -3.9,-0.1,0.1,4.4,

&OBSTXB=0.0,6.0, -4.0,0.0,4.4,4.5,

v Y o Y
%9 OBST 55  Obstruction WIYMIA ay usld  alda
v v
nm 6A
v v ¥ =) g ¥ ' o ] = ' '
il uSImse @ msamim Code hins4 18 U
Notepad #insy  Matlab nevdaer  'nszaumsikoasingy FDS Al

msilszaulama (Processor)

sy FoSuu  Mtm ewnmsikomain Codd@ly  1m ‘am
mas1adi 8 &% Notepad il ePiunsiyld Ceda U
“u Sk o el ‘o mstkoda ‘W' cmd.exe
1NV FDS STsTkanan ol i wdenalinisdim

N gl Jaby; "o 3.13



B Administrator: C\Windows\system32icmd.exe - fds6 couch.fds lﬂlﬁj

C:~Documents and Settings“administrator~Desktopicd couch

C:~Documents and SettingshsadministratorsDesktop~Couch>dir
Uolume in drive C is WINDOUWS 7
Uolume Serial Humber is 2ABA-FCFE

Directory of C:~Documentsz and SettingssadministratorsDesktop~Couch

05302816
Aa5.-30.-2816
B5.-30.-2816
81-15-2814
05382816
A5.-30.-2816
Aa5.-30.-2816
Aa5.-30.-2816
B5.-30.-2816
A5.-30.-2816
85302816
@5 .-38.-2816
B5.-30.-2816
A5.-30.-2816
B5.-30.-2816
A5.-30.-2816
Ba5.-30-2816
Aa5.-30.-2816
A5 .-30.-2816
Aa5.-30.-2816
A5.-30-2816
A5.-30.-2816
i05.-30-2816
@a5.-30.-2816
@5.-30-2816
a5.-38.-2816
@a5.-30-2816
a5.-38.-2816
B85.-30.-2816
85 .-30.-2816
@a5.-30-2816
a5.-38.-2816
B5.-38-2816

<DIR> -
<DIR> F)
couch.end
couch.fds
couch.out
couch.prth
153,386 couch.smv
34.148.832 couch_B8H1 .restart
11.86%9,.378 couch_B81.bf
183.588 couch_B81.s3d
8.786 couch_81.s3d.s=
237.586 couch_@1.sf
11.86%.378 couch_B2_bf
191 couch_B2.s3d
8.786 couch_B2.s3d.s=
237.586 couch_B82._sf
11.86%.378 couch_B83.bf
237.586 couch_B3.sf
11.86%.378 couch_84_bf
237.586 couch_B4._sf
11.86%,.378 couch_B5_bf
237.586 couch_B5.sf
237.5806 couch_B6.sf
237.586 couch_B7.sf
534,386 couch_B8.sf
534,386 couch_B2._sf
couch_18.sf
couch_11.sf
couch_12.sf
couch_13_sf
couch_devc.csv
couch_hrr.csuv
7 couch_svn.txt
File<s> 25,802,234 hytes
2 Divdis> 3.871.684,.688 bytes free

[3-]--1--F--F--1--}--]--]--}--]--]--]--]--]--J--}--J--]--}--]--}--}--]--}--F1pJ--}--J---, 0 L L1, N0, |

C=~Documents and ?et:ings\qdministratoP\DeSktop\Couch)fﬂsB couch.fds
o

OpenMP thread 4 is running
OpenMP thread iz running
OpenMP thread iz prunning
OpenMP thread is running

Fire Dynamics Simulator

Compilation Date Fri,. 26 Sep 2814
Current Date 2816 29:31:88
Version 2

SUN Revision No.

MPI Disabled
OpenMP Enabled; HNumber of OpenMP Threads: 4

Jobh TITLE Single Couch Test Case. SUN 5Revision: 18822 5
Job ID string couch

Time Simulation Time:
Time Simulation Time:
Time Simulation Time:
Time Simulation Time:

p v ww

Time Simulation Time:

5 813 midn W emdexém “& FDS tkoansTia

mMsiseulanatias (Post-processor)

5B wamnnsikane FDS wady  dwilina

sy Smoke View "6 “dorstknely @ Ca fintl

3

ud% MicrosoftExcel wﬂ%!g “o 3.14

46

9



47

@ H S s el ?2 @
WOME | NST  PAGELANOUT  FORMULAS  DATA  REVMW  VIW  NroProt
i 2o Tonoma i ax Number ¥ [romal 8ad Good Neutral [Calcuation | | & s - Ay i
e P . i % s i G ;D‘nz““?( [checkoei [ T3 ] inked el _[Note : S i
AL 5 s N
A AD AE BP BQ BR BS BT BU BV BW BX BY BZ -~
1 s | C C C C kg/m2/s  kg/m2/s C C C C C mol/mol  mol/m
[Species:  [Specie!
Gas Gas Burning 2 Wall Wall Temperatu Temperatu OXYGEN] OXYGE!
Time THOC glw THOC ZSW Temperatu Temperatu Rate_MEA RE::;”I;?\X Temperatu Temperatu re_MASS 'I'reemsleErAa’Eu re_VOLUM Volume Volume
) ) re_MEAN re_MAX N = re_MEAN re_MAX MEAN = E MEAN Fraction_M Fraction
ASS MEAN EAN
2
3 0.00 25.00 25.00 25.00 25.00 0.00 0.00 25.00 25.00 25.00 25.00 25.00 0.21 0.21
4 1.00 25.04 25.04 25.20 341.93 0.00 0.06 25.07 35.57 25.11 25.25 25.25 0.21 0.21
5 2.00 25.62 25.67 26.10 617.90 0.00 0.12 25.90 65.69 26.34 27.80 27.80 0.21 0.21
6 3.01 26.54 26.69 34.65 643.76 0.00 0.13 26.88 83.51 28.71 31.03 31.03 0.21 0.21
7 4.00 27.61 27.85 42.65 643.84 0.00 0.13 27.56 103.41 31.23 33.81 33.81 0.21 0.21
8 5.01 28.65 28.98 48.43 648.42 0.00 0.13 28.14 122.24 33.75 36.59 36.59 0.21 0.21
9 6.00 29.55 29.95 51.03 660.96 0.00 0.13 28.60 137.02 36.22 39.36 39.36 0.21 0.21
10 7.00 30.40 30.86 54.01 670.85 0.00 0.13 29.09 147.92 38.73 42.21 42.21 0.21 0.21
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win 340 ;e u yﬁﬁnﬂwis n3dl A
i 1 uiEm uaiEmN TR e
“n FTYUNY  x,y,z D AQdu ) “ga (m)
1 A 52x36x50 77,940 0.05
2 B 52x40x40 83,200 0.05
3 C 52x60x40 124,800 0.05
4 D 26x12x30 7,560 0.1
5 E 26x19x20 9,880 0.1
6 F 26x21x20 10,920 0.1
sauiidansdia “a u 314.300 -
win 350 msun “u Ty n3dl B
i s uaiEm SuaiEmN g
“n SEYUNY  x,y,z Tl AQdu ) “ga (m)
1 A 26x18x30 12,420 0.1
2 B+C 26x50x20 26,000 0.1
3 D 26x12x30 7,560 0.1
4 E 52x40x40 83,200 0.05
5 F 52x40x40 83,200 0.05
sauiidanssia “a u 212,380 -
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Umstim “wgEiFa Sabimin 3.6
win 368 wnhid  tkoma
“Far ]
&HEADCHID='Bus_Simulation - Fuel tank_fir'/ "d niSdEa akoma
&TIMET _END= 1000.0,DT= 0.2/ “aaaknskana 600 s.

&DUMP

Stepsize=0.2s.

RENDER_FILE='Bus_Simulation - Fuel tank fir.gel’,

DT _RESTART=300.0/

T kanila Bus_Simulation -

Fuel_tank_ﬁ}‘i ﬂﬁ’ﬁ (]
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300 s.

&MESHID='AllZone -a-b',1JK=18,18,5,XB= -0.05,1.75,-
1.5,0.3,6.8,7.3/

&MESHID='AllZone -a-c'1JK=6,18,5,XB=1.75,2.35, -
1.5,0.3,6.3,6.8/

&MESHID='AllZone -a-d',1JK=6,18,5,XB=1.75,2.35, -
1.5,0.3,6.8,7.3/

&MESHID='AllZone -b',1JK=24,18,20,XB= -0.05,2.35,-
1.5,0.3,7.3,9.3/

&MESHID='AllZone -d',1JK=24,50,20,XB= -
0.05,2.35,0.3,5.3,7.3,9.3/

&MESHID='AllZone -e-b',1JK=9,12,10,
XB=1.45,2.35,5.3,6.5,6.3,7.3/

&MESHID='AllZone -f,1JK=24,12,20,XB= -
0.05,2.35,5.3,6.5,7.3,9.3/

&MESHID='AllZone -h',1JK=24,40,20,XB= -
0.05,2.35,6.5,10.5,7.3,9.3/

ol 's a g v?,

Miay  dlEa ,N1IAITUIUNIT
a
1158] : {9

4

ua

Ao -
A XX, Y Y022,

&REACID ='DIESEL',
FUEL=REAC_FUEL,
c=12, H=26, 0=0,

CRITICAL_FLAME_TEMPERATURE=1600.0,
AUTO_IGNITION_TEMPERATURE=400.0,
SOOT_H_FRACTION=0.0,
CO_YIELD=0.058, SOOT_YIELD=0.015,

HEAT OF _COMBUSTION=4.498E4/

EZ
aa sk Rh
Yy .
(fm  an www.Kristopher

Overholt.com,TheScientificsoftware

developmentandscientificcomputing)

&MATLID=NEWADDFLOORandWALLS',
FYI="NEWADDFLOOR,
SPECIFIC_HEAT=1.0,
CONDUCTIVITY=0.39,
DENSITY=1440.0/

&MATLID='NEWADDCEILING',
FYI="NEWADDCEILING',
SPECIFIC_HEAT=1.0,

v

Fl
aa AWM TS

(Alvarezetall,1984)
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q

CONDUCTIVITY=0.63,
DENSITY=1920.0/

EZ
aa aiwknihn

(Alvarezetall,1984)

&MATLID="TILEMATERIAL/,
FYI='ULReportNC 987-96NK37863 - ULNFPRF
Validation',
SPECIFIC HEAT=0.75,
CONDUCTIVITY=0.0611,
DENSITY=313.0/

EZ
@

aa aiNeniaEn

191
3] o (DefaultFDSPropertiesData)

&SURFID='GLASS,
RGB=0,102,255,
TRANSPARENCY=0.2,
BACKING='VOID',
MATL_ID(1,1)=NEWADDFLOORandWALLS',
MATL_MASS_FRACTION(1,1)=1.0,
THICKNESS(1)=0.02/

¥

na aEENNIZIN

?Ziill an www.Kristopher
Overholt.com,The Scientificsoftware

developmentandscientificcomputing)

&SURFID='"FLOOR/,
RGB=0,102,102,
TRANSPARENCY=0.6,
BACKING='VOID',
MATL_ID(1,1)=NEWADDFLOORandWALLS',
MATL MASS FRACTION(1,1)=1.0,
THICKNESS(1)=0.05/

Al

sylam e1sikea

&SURFID='CEILING',
RGB=102,102,102,
TRANSPARENCY=0.501961,
BACKING='VOID',
MATL_ID(1,1)=NEWADDCEILING',
MATL_MASS_FRACTION(1,1)=1.0,
THICKNESS(1)=0.05/

&

EEATT ( JGRER 131 ey

&SURFID='SEAT",
RGB=146,202,166,
TEXTURE MAP="psm_blue.jpg',

TEXTURE_WIDTH=0.6096,

syHaN 0151k IEa




~ ') v A ow ' v
wIMm 3.6@9 WO wﬂﬁa (919)

62

[]
ow

ey N

TEXTURE_HEIGHT=0.6096,
BURN_AWAY=.TRUE,,
BACKING='INSULATED),

MATL ID(1,1)='"TILEMATERIAL',
MATL MASS FRACTION(1,1)=1.0,
THICKNESS(1)=0.01/

&SURFID='FIREBOX',
RGB=153,0,0,
BURN_AWAY=.TRUE.,,
BACKING='INSULATED),
MATL ID(1,1)='FOAM,
MATL MASS FRACTION(1,1)=1.0,
THICKNESS(1)=0.1/

EE T CIORER 12

&SURFID='BURNER',
COLOR=RED/, HRRPUA=2.205E3,

TAU Q=-1.0/

syHen 215k aea

&VENT SURF_ID='BURNER/,
XB=1.05,1.25,1.4,1.5,7.41,7.41/FIREPOINT

sgm “msn i

&SLCFQUANTITY="TEMPERATURE',PBX=0.4/
&SLCFQUANTITY='VOLUMEFRACTION',
SPEC_ID="CARBONDIOXIDE',PBX=0.4/
&SLCFQUANTITY='VOLUMEFRACTION',
SPEC_ID="CARBONMONOXIDE', PBX=0.4/
&SLCFQUANTITY='VELOCITY',VECTOR=.TRUE.,
PBX=0.4/
&SLCFQUANTITY='VELOCITY',VECTOR=.TRUE.,
PBX=1.15/
&SLCFQUANTITY="TEMPERATURE',PBX=1.15/
&SLCFQUANTITY='VOLUMEFRACTION',
SPEC_ID="CARBONDIOXIDE',PBX=1.15/
&SLCFQUANTITY='VOLUMEFRACTION',
SPEC_ID='"CARBONMONOXIDE',PBX=1.15/
&SLCFQUANTITY=TEMPERATURE',PBX=1.9/
&SLCFQUANTITY="VOLUMEFRACTION!,

Y
NITAA INTLED
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SPEC_ID='"CARBONDIOXIDE',PBX=1.9/

&SLCF QUANTITY="VOLUMEFRACTION,
SPEC_ID="CARBONMONOXIDE',PBX=1.9/
&SLCFQUANTITY='VELOCITY',VECTOR=.TRUE.,
PBX=1.9/

&DEVCID="[Species:AIR]VolumeFraction. MASSMEAN',
QUANTITY="VOLUMEFRACTION',SPEC ID='AIR,
STATISTICS"MASSMEAN',XB= -0.05,2.35,-
1.5,10.5,6.3,9.3/
&DEVCID="[Species:AIR]VolumeFraction MEAN',
QUANTITY="VOLUMEFRACTION',SPEC ID='AIR,
STATISTICS'MEAN',XB=-0.05,2.35,-1.5,10.5,6.3,9.3/
&DEVCID="[Species:AIR]VolumeFraction VOLUME
MEAN',QUANTITY="VOLUMEFRACTION',

SPEC ID='AIR',STATISTICS='VOLUMEMEAN'XB= -
0.05,2.35,-1.5,10.5,6.3,9.3/
&DEVCID="[Species:CARBONMONOXIDE]Volume
Fraction MASSMEAN',QUANTITY='VOLUME
FRACTION',SPEC ID='"CARBONMONOXIDE',
STATISTICS"MASSMEAN',XB= -0.05,2.35,-
1.5,10.5,6.3,9.3/

&DEVCID="[Specie s:CARBONMONOXIDE]Volume
Fraction MEAN',QUANTITY='"VOLUMEFRACTION',
SPEC ID='CARBONMONOXIDE',STATISTICS=MEAN',
XB=-0.05,2.35,-1.5,10.5,6.3,9.3/
&DEVCID="[Species:CARBONMONOXIDE]Volume
Fraction VOLUMEMEAN',QUANTITY="VOLUME
FRACTION',SPEC ID='CA RBONMONOXIDE',
STATISTICS='VOLUMEMEAN'XB= -0.05,2.35,-
1.5,10.5,6.3,9.3/

&DEVCID='Temperature. MASSMEAN',
QUANTITY=TEMPERATURE',STATISTICS='MASS
MEAN'XB=-0.05,2.35,-1.5,10.5,6.3,9.3/

&DEVCID='Temperature. MEAN',
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QUANTITY=TEMPERATURE',STATISTICS='MEAN",
XB=-0.05,2.35,-1.5,10.5,6.3,9.3/
&DEVCID='Temperature VOLUMEMEAN',
QUANTITY="TEMPERATURE',STATISTICS="VOLUME
MEAN',XB=-0.05,2.35,-1.5,10.5,6.3,9.3/
&DEVCID='GasTemperature. MEAN',QUANTITY='GAS
TEMPERATURE',STATISTICS='MEAN',XB= -0.05,2.35,-
1.5,10.5,6.3,9.3/
&DEVCID='"HeatReleaseRateperUnitVolume MASS
MEAN',QUANTITY='HRRPUV',STATISTICS='MASS
MEAN',XB=-0.05,2.35,-1.5,10.5,6.3,9.3/

&DEVCID="He atReleaseRateperUnitVolume VOLUME
INTEGRAL',QUANTITY="HRRPUV',
STATISTICS="VOLUMEINTEGRAL',XB= -0.05,2.35,-
1.5,10.5,6.3,9.3/
&DEVCID="HeatReleaseRateperUnitVolume VOLUME
MEAN',QUANTITY='HRRPUV',STATISTICS='"VOLUME
MEAN',XB=-0.05,2.35,-1.5,10.5,6.3,9.3/
&DEVCID='"HeatReleaseRateperUnitVolume MEAN',
QUANTITY='"HRRPUV',STATISTICS='MEAN',XB= -
0.05,2.35,-1.5,10.5,6.3,9.3/
&DEVCID="[Species:OXYGEN]VolumeFraction MASS
MEAN',QUANTITY='"VOLUMEFRACTION!,
SPEC_ID='OXYGEN',STATISTICS='MASSMEA N'XB=-
0.05,2.35,-1.5,10.5,6.3,9.3/
&DEVCID="[Species:OXYGEN]VolumeFraction MEAN',
QUANTITY="VOLUMEFRACTION!,
SPEC_ID='OXYGEN',STATISTICS='MEAN',XB= -
0.05,2.35,-1.5,10.5,6.3,9.3/
&DEVCID="[Species:OXYGEN]Volume

Fraction VOLUMEMEAN',QUANTITY='"VO LUME
FRACTION',SPEC_ID="OXYGEN',
STATISTICS='VOLUMEMEAN',XB= -0.05,2.35,-
1.5,10.5,6.3,9.3/
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Yy an Ll n3dl A n3dl B
doyannosen | AN
1A 2A 3A 1B 2B 3B
0, Min.Value , % 11.24 15.61 18.26 10.17 12.30 17.42
Time i, vune » S 241.20 386.71 285.62 854.46 468.03 235.49
Time 14, 1614 » S 84.00 230.44 N/A 73.25 114.00 N/A
Time yeaers » S N/A N/A N/A N/A N/A N/A
QNI Max.Value , % 124.91 115.04 90.70 105.81 81.95 70.05
Time . .s 109.21 579.60 573.63 190.80 552.00 524.32
Time | soresoe » S 15.61 18.02 28.80 46.82 42.02 71.59
TiMe ¢yieq1ome » S N/A N/A N/A N/A N/A N/A
o, Max.Value , % 7.70 3.94 1.89 7.98 6.45 2.59
Time o, vae » S 237.41 396.00 290.43 857.56 453.60 236.83
Time yeasrg » S 104.40 N/A N/A 99.61 189.62 N/A
CO Max.Value , % 0.44 0.23 0.10 0.45 0.37 0.14
Time . .s 236.80 390.03 288.47 860.43 470.43 249.70
Time s N/A N/A N/A N/A N/A N/A
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Abstract

This research is the model of air ventilation and temperature distribution inside the bus
compartment of the Inter City Bus series, at 80 km/hr. bus velocity, Air inlet temperature injected to
internal bus compartment are 22.28 Celsius degree and 13.67 m/s. speed of air by using ANSYS Fluent
14.0 software based on the air turbulence flow k- € Realizable model - standard wall function. The results
of simulation found that the temperature distribution inside the bus compartment are around 24.14 - 24.86
Celsius degree, the air ventilation average speed is 2.04 m/s and the air ventilation path of flow inside the

bus compartment at the center of bus area around steps way is circulate the air mass. This will bring an
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unwanted smelted air from front of internal toilet room to area of passengers seating. So for redesign

steps need to improve speed of air injected to be 0.083 — 0.133 m/s that suitable for passengers, volume

and position of air injected channel for adapt the air circulated at the center of bus area around steps

way.

Keywords: Air-Bus, Air Ventilation Model, Bus Compartment, Temperature Distribution, Ventilation
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PREDICTION OF AIR FLOW VENTILATION AND TEMPERATURE
DISTRIBUTION WITHIN A BUS COMPARTMENT
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!School of Mechanical Engineering, Institute of Enginccring, Suranarce University of
Technology. 111 Suranaree, Mueng Nakornratchasima , Nakornratchasima 30000, Thailand
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Abstract : This rescarch is the model of air ventilation and temperature distribution inside
the bus compartment of the Inter City Bus series, at 80 km/hr. bus velocity, cooled air is
supply from the roof refrigeration unit. The temperature injected to internal bus compartment
at the air inlet channel are 22.28 Celsius degree and 13.67 m/s. speed of air. An applications
of ANSYS Fluent 14.0 softwarc bascd on the air turbulence flow k- &€ Realizable model -
standard wall function, P-1 radiation, the wall function are no slip wall shear condition and
convection thermal condition that are carried out by force convection, The Prandtl Number,
Pr and Nusselt Number, Nu are used to handle for the heat transfer coefficient of each walls
of the bus compartment. The results of simulation found that the temperature distribution
inside the bus compartment are around 24.14 - 24.86 Celsius degree, the air ventilation
average speed is 2.04 m/s and the air ventilation path of flow inside the bus compartment at
the center of bus area around steps way is circulate the air mass. This will bring an unwanted
smelted air from front of internal toilet room to area of passengers seating. So for redesign
steps need to improve speed of air injected to be 0.083 — 0.133 m/s that suitable for
passengers, volume and position of air injected channel for adapt the air circulated at the
center of bus area around steps way.

Keywords : Air-Bus, Air Ventilation Model, Bus Compartment, Temperature Distribution,
Ventilation, Force Convection

Introduction : The fast forward of present communication and transportation such as land,
water and air transportation. The bus is one of the extreamly important of land transportation
aside of rail transport, car and taxi. From the Department of Land Transport statistics found
that more than 35 million people are as the bus passenger. Thai bus industry are build which
sell in and sell out to other country. The top 3 Thai bus industry company are Cherdchai
industry Co.,Ltd -Nakorn Ratchasima, Panthong Machinery Co.,Ltd -Chachoengsao and The
Group of Ban Pong bus body building —Ratchabuti. The production of 30 percent for each
company and other small enterprised totally 10% approximately. In the process of bus
creation, Not only the performance of engine that directly response the driving factor, but
also the comfortable of bus is one of important factor to considered in design process. Such
as the passenger seat, audio and visual system, lighting, the most important is the unit of air
conditioning system which allows passengers feel fresh and cool. Air conditioning factors or
parameters relate to passenger comfort, such as the temperature must controlled to some
extent as evenly distributed at 24.5 °C, while the air flowing at the rate of about 0.083-0.133
m/s. The relate humidity at around 50% include to the new fresh air supply to the
compartment without germs and odors.

This research present the study and prediction of behavior of ventilation and temperature
distribution inside the compartment of intercity bus series which widely used in land
transportation. Able to contain the 38-44 passengers on the condition of 80 km/hr bus speed,
under the assumption of an ambient temperature of 33 °C, Velocity and Temperature of
cooling air inlet are 8.0208 m/s and 21.9565 °C respectively by using ANSYS-Fluent 14 on
the basis of turbulent flow. The result of this research help to understand the behavior of
airflow and temperature distribution inside compartment which let to redesign the position,
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amount of inlet channel of cooling air that response to the passenger comfortable.

Methodology: Bus Model

A onc and half decker air conditioning bus is named as a common as Intercity Bus is
wildly used in a daily transportation. There is 38-44 seats of passenger can be contained by
the volume of 3.8 m height, 12 m length, 2.5 m width (Figure 1) and a total capacity of 46.94
m3 (Figure 2) approximately that is divided to a cooling volume 44.68 m3, Seats, Passengers
and other more arc 2.27 m3. There are 2 types of refrigeration unit installed. (1) Roof type
Refrigeration (Roof unit), Installing a refrigeration unit on the roof of bus. (2) Split type
refrigeration unit, There arc split air conditioning compressor install at the bus rcar closc of
the area of engine installed. A condenser or heat exchanger and pressure control or expansion
valve arc install at the side of bus. And othcr, Evaporator unit arc install inside air
conditioning duct pipe on the top of bus compartment. By conventional, the bus building
company arc choosc the type of air conditioning unit reflect to the number of passenger scats
that is based on customer order. According to the human cooling load. 20 seats with
passcnger on left side of compartment, 18 seats on right, 5 scats on rear and | scat of driver
(Figure 3). Totally maximum of human cooling load 44 passengers inside. 44 channels of
fresh cool air inlet supplied to the bus compartment in a position of passenger and 2 channels
are supply to front of bus compartment. Totally 46 cooling channels supplied to the
compartment by the 2 cooling coils or evaporators installed inside left and right cooling pipes
on the top of bus compartment. The model and simulate the air volume inside a bus
compartment 0.0064 cubic meters/passenger arc inside by using Solid Work 2013.

Measurement and Data Collection :

Measure 46 channels of 8.5x5 cm2. A fresh cooling air inlet feed to the compartment. That
arc installed at a top of compartment above the passenger head. And the 1 channel of 140x37
cm?2. Air return that installed at a middle of left and right side cooling coils at the top of
compartment. The measurement is based on ANSIASHRAE 41.2-1987 (ASHRAE,1992)
with 5 points measured for each channel of cooling air. The average cooling air speed 8.0208
m/s and 21.9565 °C of cooling air temperaturc.

12 m Tength

yY_

i
|

.

Figure 1 Tntercity bus model.
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Figure 2 Air Volume model inside bus compartment.

Figure 3 Passenger volume use for simulation,

Related Variables
Re, = £Dy¥ (H
yli
pr= Y _ viscous dl.ffubl.()n rate G M )
a  thermal diffusion rate k
Nty = (f/ 8)(Refmoo; Pr 3
L+ (127 f 18)(Pri=1)

[ =(0.791n(Re,, ) —1.64)> (4)
Where f can find from moody chart or eq.4
fi=f(Nu,Pr) (5)
A Convective Heat Transfer AL ©)

" Conductive Heat Transfer &
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Table 1 Bus compartment wall propertics of heat transfer coefficient (h).

Material Thermal Conductivity, Chanel Diameter, = Heat Transfer Coefficient,
k D h
(w/m-K) (m) (w/m2-K)

Bus Floor 0.030 11.76 8.21
Side wall 0.030 11.76 8.21
Rear wall 0.030 0.88 109.48
Front glass 0.0906 1.87 165.15
Side glass 0.096 11.76 26.27
Rear glass 0.096 0.87 356.40
Roof 0.030 11.23 8.60
Seat 0.030 1.37 70.71

Computer Simulation : Prediction of air flow and temperature inside a bus compartment
while 80 km/hr (22m/s) drived. According to equation of 1-6, Velocity of bus will relate to
the Reynold number which classify the type of turbulence and Nusselt number. In this
simulation of driving bus has force convection that Nusselt number(Nu) and Reynold
number(Re) will direct to usc to calculate the heat transfer coefficient(h). As in the Table 1,
the heat transfer coefficient are used for specify condition of wall properties. An ambient
temperature are 33 °C tranmiss heat to bus internal through the walls, ground and roof on the
condition of no-slip wall condition. The heat generation from a passenger is 1,550.38 W/m3,
Fixed temperature of passengers arc 37 °C and average passenger volume 0.0064 m3.
Othermore, exclude the cooling load from lighting implement.

Basc on the Finite clement scheme, the internal simulation control volume of bus
compartment, passenger seats. Other equipments inside and control volume of passenger are
create by Solid Work 2013 program by an actual size, sct the velocity of fresh air and
temperature at 46 channels as Velocity Inlet as 8.0208 m/s and 21.9596 *C. The return air is
sct to Out flow type by FLUENT version 14.0 to simulate the dynamics of fluid flow base on
the assumption of turbulence model with an incompressible flow. Tetrahedral elements are
use in this simulation, But with the complicate shape limit cause the hex elements can not fit
to control volume of bus shape. For prevention of error which occure mesh quality, the
tecqnical of Double Mesh method will applied to find the better independent tetrahedral
element for simulate this research, and result of the 1,286,327 elements are used for
simulation. (Figure 4-5) show the position of fresh air inlet and out flow set to S mm and 10
mm grid size respectively due to the this 2 boundaries has high turbulence rate that affect to
the behavior of starting flow into the whole control volume of bus compartment.
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Figure 4 Tetrahedral elements of bus compartment volume.

Figure 5 Tetrahedral elements of passengers volume.

Results and Discussion: Result of simulation, temperature and velocity of air inside bus
compartment will measured at plane 2.006 m reference from bus doors which is 1 from 2 side
install the channel of fresh cooling air supply to bus compartment (Along left and right side
of fresh cooling air pipes installed on bus roof).

The sample line of temperature compare with experiment data measured with passengers
inside in the area of 3rd seat after bus driver. The result compared is in figure 6.

Comparation of temperature by experimentation and
simulation at a sample line

19.00 21.00 23.00 25.00 27.00

-20

—&— Experiment

-60
—&— Temperature Simulation k-2

80 standard wall function

-100

Position from cooling air channel (em)

-120
Temperature (celsius degree)

Figure 6 Comparation of temperature by experimentation and simulation at a sample line.
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Velocity of air flow inside bus compartment at the same line of temperature sample line
compared with cxperiment is show in figure 7.

Comparation of velocity by experimentation and simulation
at a sample line.

1] 2 4 (7 8 10
.0
E
2 =
E 20

T«

5
5 0 )
= {f? —&— Experiment
=
g ¢
3 r —a— Velocity Simulation k-2
S a0 _.,4‘ standard wall function
£ cam—
£ 100
2
=
2 -120 -
e Velocity (m/s)

Figure 7 Comparation of velocity by experimentation and simulation at a sample line.

Furthermore, at the plane of 0.3 m reference from passenger door. Found that the air
flow inside the bus compartment at the arca around steps way has circulated (Figure 8-9).
This will bring an unwanted smelt air from {ront of internal toilet room to area of passengers
scating.

Figure 8 The circulation of air at the plane of 0.3 m reference from passenger door.
(At front door)

Figure 9 The circulation of air at the plane of 0.3 m reference from passenger door.
(At rear door)
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Conclusion : Through the result of prediction of air flow ventilation and temperature
distribution within a bus compartment we can know that the average temperature of air whole
the inside of compartment are 24,14 - 24,86 °C from the simulation and found that it is as the
trend like the result from experiment that in this range of temperature are suitable for
passenger.

But in consideration of velocity of air flow in simulation are 2.04 m/s, that are more
than the comfortable range. So for redesign steps need to improve average air speed inside
bus compartment to be 0.083 — 0.133 m/s and position of cool air injected channels for
improve the air circulate at the area around steps way.

The circulation of air around steps way that 1s the position of toilet room. The unexpect
of air ventilation cause an unwanted smelt air from the front of internal toilet room to area of
passengers seating that this weak points can be redesign to be better comfortable bus
compartment.
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