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The Effect of Air Curtain on Environmental Control of
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Abstract: This paper focuses on the application of air curtains to reduce heat and moisture exchange at
building openings for the indoor environment with low humidity. Firstly, the geometric model was established
and the computational domain was meshed. Secondly, the wind speed field, temperature field and humidity field
in the plant were obtained by CFD ( Computational Fluid Dynamics) simulation. Finally, the influences of in-
stallation positions of air curtains and air supply speed were analyzed. The results show that in comparing with
the case without air curtain, the average temperature in the plant in the case with air curtains on both sides of
windows is reduced by 2.9 °C and the average moisture content is reduced by 51. 4% . The thermal and mois-
ture exchanges at the two windows were analyzed. It is found that equipping air curtain on both sides of the
window or only inside the plant can greatly reduce the moisture transfer at the windward and leeward window
by 66. 1% and 52. 1%, respectively. Meanwhile, the temperature uniformity of the case with air curtains on
both sides of windows was increased by 7. 9% and the relative humidity uniformity was increased by more than
5.3% . It suggests that the use of air curtains can reduce the internal and external heat and humidity exchange,

which cut down the energy consumption in dehumidification generation process.
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Fig.1 Simplified model of the plant
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Fig.2 Dimensions of the computational domain external fluid fields

1.3 f=HIFERE

TEREBA T W R i 2e kO # . shid R, BRRSFE R, A iz i, k i e
T,

B Dp/dt + Ve (pu) =0, . p HZEREE, ke/m’s « HEFE], s; w HHEEREAE
AR Ty I R EE 3 B, m/ s

s . d(pu)/ot + V- (puu) =-Vp +V- (1) +pg + F, W :.p MIREBOCIKRE 5%, Pa; T
AR B K7 Ve AR OT IR SR E ARG PE R ER R 5 0 R i, Pas g EE I IGEBE , m/s* 5 F
S HABTT N,

RERESTE I R : 0(pT) /0t + V- (pTu) = V- [(A +A,) VT] +8,, AP A R FRREG A, =
(C, xu,)/Pr, C, JEHIEE ) 1/ (kg - K), w, IR TR Prob S BARREL, S, 2R I, T
R, K,

Moy mEsFIE TR 0(pe,)/at + div(puc,) = div(D grad(pc,)) +S,, H . ¢ NS> S W RS
B DAY EERE S, 0 RGN EREAAL I R SRR b2 S N AR R TR, ke
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Fig.4 Air handling process for low dew point
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Tab.1 Parameters of each point for the state of the air

EEARE S TERIRE Dry-bulb BRI Moisture 2 SR Dewpoint Y& 18 Enthalpy KU Flow rate
Air state point temperature/ C content/ (g + kg™") temperature/ C /(kJ - kg™") /(m* - Hr™")

A 35.0 27.83 29.90 106. 7 43 500

B 13.0 8.97 12.22 35.8 43 500

C 35.2 1.86 -8.00 40. 4 43 500

D 23.0 0.34 -26.10 24.1 69 000

E 27.6 0.91 -15.80 30.3 112 500

F 14.0 0. 88 -16.20 16. 4 11 500

G 14.0 0. 88 -16.20 16.4 99 000

I 17.4 0.01 -58.50 17.6 99 000

J 14.0 0.01 -58.50 14.2 99 000

K 15.0 0.01 -58.50 15.2 99 000

H 14.0 0. 88 -16.20 16. 4 13 500

M 55.2 0.01 -55.20 55.8 13 500

L 130.0 0. 01 - - 13 500

N 72.1 7.43 - - 13 500

0 120.0 7.43 - - 13 500

P 48.3 30. 90 - - 13 500
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§ W%m | ‘]jﬁﬁ Vi“ =3.067m/s, ,ﬁ\: 102 Pa 7J§ﬁ%§l}]?j] Water vapour partial pressure
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K T 4 i R [ KU TR 1. 263 m, Fig.5 Psychrometric chart corresponding to each air state point
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Bo TN SN HAS R E N Wall, HIREEFZIR) B3 INER 295 K| M8 308 K #EATIE ., M
A AN 2 FR, AN E S Wall, SN P55 T 45 X FRi A Symmetry
1.5 EETRRESH

IR, BOEERE . OB AS N AR 25 hE, DRI 5 R 0L, e AN ) 28 URE
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AN s e A ] IR 8 s O O TR SO, R 00 4 B0 TR AR 25 U
TS5 AT RSN S S, HERM MBS R 10 m/s, AL FERM Bk, 1%
SRS SHFR AN GUEFIE B 52, ICITREMEE R, M B s AR, R A R E R
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Tab.2 Outflow parameters of air curtain under different cases

B E Temperature/K

T W KIEE i U PN L PR HMIN S SMIE
Outflow velocity Hydraulic Turbulence Inside air Inside humidity Outside air Outside humidity
Case /(m-s -1 ) diameter/ m /% temperature/ K / (kg - kg - ) temperature/ K / (kg - kg - )
1 - - - 295 0.000 3 308 0.027 83
2 6 0.286 10 295 0.000 3 308 0.027 83
3 10 0.286 10 295 0.000 3 308 0.027 83
4 10 0.286 10 295 0.000 3 - -
5 10 0.286 10 - - 308 0.027 83

1.6 ENEESERESTAE
SR ARG B VAL 2 SFXHREE R s ) AR
RH = (d/d,) x 100% . (1)
Ay d Bk ERE,; 4 RS R R, b & e TR E 6, RIERA
AR, B
d, = My, x1000/[ (A} + A, x 1+ Ay x1* + A, x0* +A; x ' + Ag x1°) x100], (2)
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AP W =T-273.15, T AHINRE; M, FaKBBiE; A, =3.703; A, =0.268; A, =9.164 x
1077, A, =1.446 x107*; A, =1.741 x10°%; A, =5.195 x10°%,
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h =c,, =t+ (2500 +c,., - t)d, (3)
Ve BEFE T2 .
Q. =q,p - Ah, (4)
ARV TR
Q, = ¢, * M- At (5)

A Cp%%:iﬂ?(ﬁﬁgﬂ/‘]ﬁg}ffilﬁ?n, kl/ (kg + K); ¢ FmENE, m’/s; p FARESEEE, Ah KRk
25 At FoniZzE; MORRERE, ke/s.

MRAEAE M SCPR 2R, R | IRV T T LIS, BRAbRE 27. 54 ke/h 7K/
AN 1619. 4 kW, FIAEZEIHER 787. 39 ke/h (B B ™ SRS FELIHR 0.7 kW 724228951 kg/h)
1.7 BESSHREE
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ERT
™| Air curtain KH K 1 EAR
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l v ¥ _'ili KB EL Air supply paramelerg{
4 Kl 4 ﬁfﬁi?ﬁfﬁﬁﬂ&?ﬁ%rﬁﬁ: %X%Iﬂiﬁiﬂﬁ%ﬁ: 2= KE K AR
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I . ] L] S ot e b o b
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BAE R
Numerical simulation e SR E 5 E
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4 A 43 SR ezt —————
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RH=(d/d,)x100% Q=q,p-Ah consumption Qy=c,,-M-A¢ £=0.09" k**/L.
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E6 BESamREE
Fig.6 Flow chart for modelling and analysis
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ST IR AL, TB0 1 R 5 o R R A R X 0 X A R 1 SR R AR AL, T
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Fig.7 Temperature distribution at Z=10 m for different jet velocities
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Fig.8 Relative humidity distribution at Z=10 m for different jet velocities

v/(m-s™)
10
8
5
3
0

a)IOL_[', 1 Case 1 I(}L’,2C3562 I/ﬂ,’:’(lase?’
B9 AEHREET Z= 10mﬂ§’—ﬁ:7‘if.:$ﬁ?’ﬁz@
Fig.9 Flow rate distribution at Z=10 m for different jet velocities

THEEA G NERE SR FSE YR, 45k 3 R, R 3 IR N, MsSHRN T
WAL, 2SS TREE SN 6 m/s 510 m/s I, B EEES BRI T 1.5 C52.9 C,
M) S 1R 2 D T 26, 7% F151. 4% T 3 FO TR IR B P I ROR Fedd 76 TR B8 TR 24 1) 4F
FELR ] LR T 3 e dh AT IR B s

X3 AEHBREET ENZSEHEEMSEE

Tab.3 Average interior temperature and moisture content at different jet velocities

I\{R‘ Case ‘leﬂ‘] {E{E Average temperature/ K S'Zié] @Yﬁﬁ Average moisture content/ ( kg . kg ! )
1 299.2 0.0105
2 297.7 0.007 7
3 296.3 0.005 1

2.2 EE—\,%*"*{_LEXTMIEFH’J lll']
K10 2 Z =10 m ZefiREESM i =&, A 10 ATLAE 1, 7ETAL 4, TH 5 T, = EMAER
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SRS T E AN, P T 4 BB RCR IR, TR R TS Ay, T4 )
J P T e v A 3000 XU TR L T %) e Ak, D58 IS PR HH R S 10 my/s (28 SRR, EINAMR
TSR B | R BT IR B SN
11K Z =10 m AAISHBEE i = E . W 11 AT H, T4, TS5 F, a8 SEMIFAEA R
HI5S T Z MM ESSHR, SFE OIS s 10 m/s A AT, HARXHRE 5 A 51 B
o, S8 BB, T4, TO0S E) B oA s £ XU AT i ) e fa Ak
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Fig.10 Temperature distribution at Z=10 m for different installation locations of air curtain
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Fig.11 Relative humldlty distribution at Z=10 m for different installation locations of air curtain
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Fig.12 Flow rate distribution at Z=10 m for different installation locations of air curtain

AR G R AR R, HEE Rk 4 PR, R4 v, MIEaESEm TOUM L,
S SAAE RS MI A B zs SaEns, T pr PR 3 SRR T 2. 4°C AT 1. 4°C TP 3 a3 i B
T@S%ﬂHO% T4 BRSO e, R EEE IR T R A2, [ s Xof Ji B R B 4 i 3
SRR REIESR I, AT DLERAE I INe 25 e, AT DATE— @ B EE IR B hIR | WRRE AR .

*4 FEBREMEARM FRMTEAREMSTE
Tab.4 Average indoor temperature and moisture content for different installation locations of air curtain

T Case SR E Average temperature/ K SE A Average moisture content/ (kg + kg D)
1 299.2 0.010 5
2 296. 8 0.005 3
3 297.8 0.008 5
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2.3 ETREEENERIN
TERSREAERY TR, SN A PRI A% o 2 38 N PG BT T A T MR, R AT X 28 A s ) 2R
GEAT SRR . T HFTEINR A S 2 AN S SR A R A% 1 X REAB A RZ IR, 70
BT S M AU R AR A = A IR I ARAL B i, LAV REAE A AR 28 ORE R
WHE= (3) ~3 (5) 4MtE 5 b TOLETT B9 REFE S A 280 FE i, HERRZE RNk 5

Bz
R5 TRIREANIMEERRFERE

Tab.5 Interior and exterior heat and humidity transfer and energy consumption for different cases

T PHER PR Avge AU Hea i f TV RERE Energy  PHEAIUERL

Average room moisture content Transfer Humidity transfer consumption for Regenerative steam
Case - 1 . consumption
temperature/ K /(kg - kg™) /W /(kg+s™) cooling/ (kW) /(kg +h")
1 299.2 0.0105 187.92 0.062 2 13 176.43 6 406. 69
2 297.7 0.007 7 128.47 0.044 7 9472.83 4 605.91
3 296.6 0.0051 50.37 0.021 1 4 461.43 2 169.25
4 296.8 0.005 3 70.18 0.029 8 6 314.35 3070.18
5 297.8 0.008 5 161.70 0.050 8 10 753.54 5 228.62
H1ZR 5 FTLUA 00 3 A0 4 0T s il RO P SCR B, I B AT 00 1 23501k

DT T73.2% F62. 7% 5 THL2 FITLHL 5 W) B A i i 45 il OR s, HBVR 36 B AR T T8 1 4
BIEDT 31.6% F114% ., BEHHAE NSNSt R 10 m/s A SHERE, T s P A T 42 il 5%
U, #A G5 EAE BRI 2 SR, WIREREAET D M5 S it o B A K 25 s o

AR LA Y, 00 3 A4 X e o ity fEismliefiis Do B2, Hig e aA
BT THL 1 0080 T 66% F152. 1% . 765 A Lo, T80 3 BYRBFEAIRTAER, HAEFELL T00 1 9
BT 66.1% , FIAZRIRAERIN/DZ 4 237. 44 ke/h, A AR SN ) A A B PR BR BN 7 i, ATk
PO 4, HAGEMBR T 00 1 Wb T 52, 1% , FRAEZ&875AE R/ 24 3 336. 51 kg/h,
2.4 BEESHTHAHSEST

VPR IR TR A AR s A 0 T 00 3 AT 0L 4 EAT R Hr, SRS SHEM T 1 Ut
rHese, 13 2R 3 AT OUIREE ARSI B /INT 3% M IXEk, nTLAE B T3 hiEEARBAI KT 0 iIX
S B A XN R R e f R, LR RIS T A4S T 3 I TR R AR
E, HFEIREE N 296.6 K, i B S2PRA S ER

a) 1.0 1 Case 1 b) T8 3 Case 3 b) T 4 Case 4
13 AEIR, T FREBEERHHENT 3%HEE
Fig.13 Internal temperature non uniformity less than 3%

Bl 14, 15 735308 3 T ORI AN 2] /N T 5% H110% X3, K 14 B 15 afLE
, TEARBESRME T, R AH L), (Hlh TR LR 0.25 keg/s, HAMRAYIRE
AHYE) B RFE T ENBORRY &R, IO T AR T i A P A B, 7E 00 3 FIT00 4 R AH
X A B8 25 R 18y DX g 2 IR T 8 XU s TR, T o o DXCSBRE R 388 B 23 AT 8k A7, PRI T LK
AHS P SR AR Y T 20 2 HEAE I XN T
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Fig.14 Internal relative humidity non uniformity less than 5%
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Fig.15 Internal relative humidity non uniformity less than 10%

SRR L, THL 3, TOL4 MRS E/NT 3%  MXREAY S E/NT 5% F/NTF
10% BRRR, HEERmE 6 Frn, M6 alAl, TH 3 MTH 4 5T0 1 A, HRHEE A5
PR T 5.3% M1 7. 4% 5 WIMI%E s SRR B0 BE 3550 B HUAUAE NN s SRR T 7. 9% , AT LIS T
3 AIERE . AR EE AR AR R HISCR T 4 B SR ATRIREE A . PURAL 5 AR5 BE A
AL, SRR T3 AT iR s AR A

%6 AEIRTERREMENEENTRYSEER

Tab. 6 Indoor temperature and relative non humidity uniformity volume for different cases
3

m
T RIS <3% Non uniformity of — AAXTIEEEAIIS] <5% Non uniformity  AHXTHEEAIES] <10% Non uniformity
Case temperature <3% of relative humidity <5% of relative humidity < 10%
1 4896 4302 4876
3 5170 3902 4232
4 4793 3706 3942
3 &g

AR 2 SRR T T AR AR B R B AR RIRCR , X A T IPAL . B B RS ) by
WAMBGIIREEY) | MG INREY), MR TS SNEEAE | R SHhms ) BnsE<iny
PLRGR R IAEE g, AT LU R S5 5 Ea,

1) 3E X2 S ik KR AT AT AL, 28 RORER KU B K, T s i T W A S RIOR B g, X
2236 KU R 10 m/s (Y28 SRERT, T B PR LR S SO e 17 2.9 ¢, P& E
FEART 51.4% , [AE), HABL S EFEEAINT 66% , AbFK 7 BIREFEREIL T 66. 1% .

2) ARGERTAS SR LA E ST AT, QRN B 2 ke 2 R, FT AR BRANAE T By AR
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KIS HE, AT DR B (3 HIRCR, A I3 2 SN 10 m/s 2SS, T BN
(RS- AR B L 02 SRR AR T 2.4 °C, I BB RIFIR T 49. 5% , [RIAF, HIBA# R T 52% ,
AEFEIK S B REREREIR T 52. 1% .,

3) AR IR BRI s A — B, AT AR 2 R R R 10 m/s BASAEE, ]
DU R PGB AL 38, AR KRE BRI/ D AL BRSO RERE, A RERCR, [RIRHE —E R [ n] DA™
MR, A A TR E IR, SO TR AR DRSS, AT DA R PN
R R A R, DAk Bl — 8 s il
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