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Numerical investigation of air curtain effects on heat transfer of cold rooms and
pollution spreading in fire situations

Shahrooz Motaghian, Hadi Pasdarshahri”

Faculty of Mechanical Engineering, Tarbiat Modares University, Tehran, Iran
*P.0.B. 14115-143, Tehran, Iran, pasdar@modares.ac.ir

ABSTRACT

Air curtain devices are widely being used as thermal sealing in environments with heavy human traffic from outer zones. One of these applications is
isolating and sealing of cold rooms. In addition, these devices are used in order to keep wildfires and chemical pollutions from spreading. In this
study, performance of vertical air curtains, which have more applications, are investigated in both aforementioned usage areas. Analysis of air curtain
performance are investigated through two case studies: in the first one, Air curtain isolating performance in heat transfer reduction from a cold room
to a warmer zone with 25°C temperature difference is evaluated, in which the device is installed in warmer room. In the second case study, an ongoing
fire in a room with presence of air curtain to control toxic CO from spreading to neutral room is simulated. The fire room is filled with CO at the
temperature of 300°C. the two case studies were conducted with identical geometries. . Sensitivity analysis is carried out on air curtain device
efficiency in different jet velocities and velocity angles. Computational fluid dynamics (CFD) method by mean of commercial software ANSY'S
FLUENT 16.2 is used to evaluate air curtain effect.

Keywords: Air curtain device, Cold room, Heat Transfer, Mass transfer, CFD
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Fig 4. Distribution of temperature in z=3m plane with turned on air
curtain
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Fig 6. Comparison of air curtain thermal performances in different jet
velocities
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Fig 3. Distribution of temperature in z=3m plane with turned off air
curtain
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Fig 11. Comparison of air curtain pollution control in different jet
angles

o St sUlsj 53 (olye 503 (SFoglT S o Shas salie 11 JSC

P I R
80 100 120

@ b Sl ooyl aleerd slaaiss Jll 56 sadllas
Ol 5o d S Do jsSe sadsl 5 i llpd b soae Jo Lame
clle Sks gabuly 4 o JES , alse ooy el dles
sl 8,5 15 ey 50 (5 e 5 (15T Luzms o (S 9T
Soye lralx g e 358 galavly 4 dlee Lilpl s e Jal
slralr p5le Lo 90 o YL Slods DS 4y azgi b oS 0,5 o
ooy oS Gloy ;0 "9 58 JILa" 4 4z g5 Logd e Sus 2 Jlaxl 5
3 5SS eSlee Jlade o 1 gasl 0 il (229, (2se
L oSSy saigs JUl 5 s cnl g )1 0929 (55 e
el 08l tals
P s ol 3Skee n S e edn (29 S Cepm
10 ST e adlies Sge 15 beme 4 (Sosll 0505 5 6 nSslx
Gkl ooy o Sles oojl e il L oS 25d e omlive
5 aise Gl LS o3l adsl slaple; 5o e (1331 (3) (sl
CBIE L s 39800 Sl )l s g S0 e SLe JlaEe S 4
Ol S0l ool suzme Gl b e Rl el et L eajl e
ool o el 5 e o aeeSTyie CBE ke 45 ol £5se
033k al Pl el (29,3 saz,0 ) (S aeSTe moy Jdo 4 falS
s 3 dlion (n S aenSToie (4B £9,0 Silis (g0 215 5l us
baze )3 (S unSloie (oo 855 ez 5l JSD 90 4 2l ooy
Sl s 5 e JW g5 Sl L (S S e Tl S5

80
o ——=a—— 0 degree
70F ———— 15 degree
s —eo—— -15degree
60
50 F

s

n (%)

0F
20F
10

06

L. TR NN i
0 20 40 .60 80 100 120
Time (s)

Fig 7. Comparison of air curtain thermal performances in different jet
angles

[Wr gL:jLé.Le L5L.‘.'5} @'5.:: Sody L5'§)|)_> AJSL;.: L;A....;Lu 7 JSH»

Sy Gl Logs) 095 oo osaline M6 ST Jloged 5 a5 jsblen
St ;5 5 09dond 2lsp o0 o Sles g b S (53955
porSle Jlade 05 o 2l lse s00y 0ajl 4l e D 1 VL
PRO el (Suoz o 4l 7o 3 5l iy slacas j (alod o (o,
gy e 4 Cepn ol el Gl CldS L e 5wl o0 3l
2l p e 5 Ce s a Sl po Sl Fomly 003l 257y b el
2,18 500 glacie pu 4y S (10 0,8 kes VL glalo;
S aygly Conl 35 6 lse gedn 3 ,Sles j5 a5 550 el
3 J> @l =15 5 005 by o b Gl (o sl il (29>
31 pslare lonts auglie K0S, LT U8 0 c 4l p e 5 ey
Syw danze (639)9 Ceoms A 29y Cuz &5 Sl Gloj (e sl
S 4 S 5855 hlaie LT S8 Jlogei 4 azg Logd hlate
@S &S (Fhpe )0 9 WS (o0 Iy Seae 2lse o3 3 Ses 5 Laome
whoe gals Db 4 ol o Sles 998 blete Jlodu Lane (63959 Seon
Ao cos Jlu e bawg 550 i by Sl (S

Bghion Ghgals alse (s00

Mass Fraction of CO: 0.05 0.1 0.2 0.25 0.3 0.4 045 0.5 06 0.65 0.7 0.75 0.8 085

Fig 8. Distribution of Mass Fraction of CO in z=3m plane with turned
off air curtain
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