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The Impact of Air-Curtain Air Conditioning on the Sleep Environment
Qian Hongxi Han Rubing
( School of Civil Engineering and Architecture, Southwest University of Science and Technology, Mianyang, 621010 )

[ Abstract]  To address the high energy consumption of residential air conditioning in summer, this paper proposes a localized
air conditioning system that utilizes a low-temperature air curtain to regulate the thermal environment in the sleeping area.
Numerical simulations were conducted to investigate the effects of air outlet spacing and supply air temperature of the air curtain
system on the thermal environment in the sleeping zone. Taking a typical top-floor bedroom air conditioning system as an example,
the temperature distribution and cooling rate in the sleeping area were studied under different air outlet spacings (150mm, 200mm,
and 250mm) and supply air temperatures (20 ‘C, 21 °C, and 22 C). Under the studied conditions, compared with the split air
conditioning system, the air curtain system achieved a maximum increase of 43.6% in cooling rate, a maximum reduction of 44.2%
in air supply volume, and a maximum increase of 2°C in supply air temperature while maintaining the same thermal conditions.
These results demonstrate that the air curtain air conditioning system is more energy-efficient than the split air conditioning system.
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Table 1 Bedroom geometric model
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Fig.1 Geometric model of model I
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Table 2 Split air conditioner parameters

ZH HE
TR UL 1.5
¥4 /W 3300
Hl¥4 ThF/W 800
PEHR R/ (m/h) 680
RERLLL/APF 527
2R /mm 855X 190X 300
15X M /mm 800 <45
[A] XL H /mm 700X 80
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Fig.5 Air supply experimental model diagram
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Fig.6 Comparison of experimental and simulated velocity fields
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Table 3 Boundary conditions for supply air temperature and velocity
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Table 4 Temperature distribution in the sleep zone at #/=0.15m and #=0.6m for model I
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Fig.8 Variation of average temperature in the sleep zone at #=0.15m under different supply air temperatures for model I
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Table S Comparison of supply air temperature and air volume between model I and model IT

K A BE /mm 1 R/ C WEZEIC K /(md/h) N B2 /(m/h) i N E L
150 22 2 462 43 8.5%
N 200 21 1 360 145 28.7%
Y T
250 20 0 282 223 44.2%
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40 B 5

ERBARE, A BRI 55 F) 52 R A 5 <703 -

4 g

ASCHEH—Fh R s i RS, FARE AR
IR X AR5 o SR FH AR 23 BT RSB B0 1) 7 v 0F
TGS PR AR X AR IR [ 52 e, I 5 704k 2 1
TEBRIR MR RE 7 AT T X6 LL M o EA SO 9T 00
T, fHHEITER:

(1) WA IERIRE S 20°C, 36 KT R
9 1.31m/s B, 36 R )RS, A [R)3E 47 B TR) B
AR X - 2 P A o 326 XU AR 20°C-22°C 2 (7]
ARG, 326 L P ABRAEG BRI [X P S50 B o Tl
R .

(2) Sz yErtt, RESHEE T T
HEAR X P33 T R sE . 18RRI N 20°CHY,
M RS [X P AR ik 3] 26°C I, JRUHE S 8 AT 75 I 1)
N 220-360s, A1 BT 75 B TE] 9 390s .

(3) SEIUAH A PR IR AR, X2 B o
YT T RE o XU A A R L L2 2 1 1)
ENXGRFE ATy 1-2°C, MR 25 R R 38 R bl o R A
YA R KB e K AT 9D 223mP/he

(1] HERFEFTREA O P EES R FEERE
WA R 2025 GREEEB D [M]Jbat:h E R T
Ak H R AE,2025:22-25.

[2] MR, BN, 55 40 A 2 R R SRAT D9 TR 1 R BT
T 1) 5 e A [I). U 2 SRR R 2 AR (B R B
J1%),2023,55(3):442-452.

[3] MRIEFIRALERS AR MG E T B THI].0E

(4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

H251H,2017,47(10):62-67.

- ZE X SR 2 U A% N S LR v P RE VR E T
T[] REJRE AR ,2004,(4):168-170,173.

BUAHA, 2 5, 25T, A8 PR Sk B HIR 126 IR A i %5 B ) 5
6T 72 [ 7] 038 2 1/4,2012,42(8):104-109.

Xu R, Wu F, Shen L, et al. Personalized air exhaust
combined with mixing ventilation for environmental
management and airborne droplets in a train cabin[J].
Physics of Fluids, 2025,37(3).

JE R S R PO Z0% W 2807 i) 4 (3t R PR SR 8 22 T BT
PEREWFFL[D]. L EHEAZIE 22,2013,

Min C, Shifeng H. Numerical study on the cutting off
performance of a novel personalized air curtain in a
general consulting ward[J]. Developments in the Built
Environment, 2023,16.

W e AE T 5 B LR R MEE A
R ST 7). R 8 25 1,2020,50(7):68-72.

BRI A% A5 S 5 hIE PRRE N AR B BT 38 5 T AT
FE[D]. PR HE KK ,2018.

Lan L, Lian Z, Zhou X, et al. Pilot study on the
application of bedside personalized ventilation to
sleeping people[J]. Building and Environment,
2013,67(sep.):160-166.

Wang Y, Ma Z, Zhou Y, et al. Experimental investigation
on the airflow characteristics of an attachment-based
personalized ventilation method[J]. Building Service

Engineering, 2016,37(6):710-729.



