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Optimization of cooling air supply in room air conditioners for
improved indoor thermal uniformity

QIU Xiangwei"?, ZHAI Yingxian', LIU Zhilong', LI Zigiao', LIU Meng’
(1. School of Civil Engineering, Chongqing University, Chongging 400045, P. R. China; 2.Guangdong Midea Air-
y gqing gdong
Conditioning Equipment Co., Guangdong 528311, P. R. China)

Abstract: With the growing demand for high-quality indoor environments and the increasing frequency of
extreme heat events, improving the uniformity of indoor temperature distribution in room air conditioners has
become essential for maintaining thermal comfort. For elderly individuals, diminished thermoregulatory capacity
and greater sensitivity to localized drafts make them more vulnerable to discomfort caused by uneven

temperature distribution. However, traditional room air conditioners often exhibit a “cold near-warm far”
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temperature pattern due to limitations in air supply configurations and installation positions, making it difficult to
meet elderly users’ needs for a stable and uniform thermal environment. To address this issue, this study
proposes a dual-layer near-far circulation air supply method based on an ultra-low-Mach-number counter-
rotating fan and an annular rotating jet, which enhances air entrainment and improves flow-field superposition to
achieve more uniform airflow organization. Prototype tests were conducted in a controlled climatic chamber,
followed by real-life scenario evaluations in typical elderly residential settings. Results show that the proposed
method can control the vertical temperature difference within 0.7 °C at heights from 0.1 to 1.7 m in a 40 m?*
room, and within 1.0 “C in the near zone within 2.0 m. Elderly subjects reported noticeably improved thermal
sensations within 10 minutes of operation, and all measured positions reached comfortable levels after 60
minutes, with favorable evaluations of draft sensation. These findings demonstrate that the proposed method

effectively improves indoor temperature uniformity in room air conditioners, and is particularly suitable for

meeting the elderly population’s need for a stable, comfortable, and low-irritation thermal environment.

Keywords: air conditioning; thermal comfort; cooling; elderly; indoor thermal environment

Bl A N 1T A R, P 60 % L)
FENDIE2.67/2(51H18.9%), Hih 658 KDL |-#
AN 242 (5 H 14, 29%)Y, BARBEM Y A B0
VAT R T B AR S TR R R R AR Ak R R v KU
TR AEAR B S R B T T 25 5 th BN IS SOy o A
ST F W, B AR B R A K A 9096 B B ) AE 5 PN B
1, LR A s TR] A AR B B T T f R RN A S LA
B, 3 E N 0] g AR R Y N
Vo ROR 3 3 P Ry 3 v XU A5 AN R A B 45 0] T B 44
T G 9290 1 & A B BRI, 7E AR A B
S v S SN RS S AN H A0 0 = N TR A A, 6 TR
e BT R DR RO O E

P 6] 23 8 2% B Bk v 1 528 IR Y & Y A B
10 A% 0 T A5, U AR W o M 75 3 AR A g
IR BT SRR Y. SR ARG T R 5 (L
OO Ay U 8 M X A ) W A7 A T R 4 A AN Y )
I R R Wl T i BUR SN TR/ ] 78
AR, AR CH I DA R T O A
R BE 1S i RE#E , X nTRES A MORIE . Bk, L1k
225 ] V8 R AR X Bl T B 34 A M B R AN

Tk B AN 359 [ R0 B o 8 25 AR TR LRSS B RR
18 B % A 2 R BRI 3501 BA B R A 4 G
BRAR Y BB 6 XU E I R U M DL A R
R Pk R A O O v v e 26 5 T i e R
Tvi) F30, [+ sk S BT 28 355 kR S R o o e IXUAIL 4 AR TR
SEAL R R AE RO I g AR
VAT HE TR Y A 1k B AR 25 0 R o i I I
A T80 (< 0. 05) AR M TR [E Bt (=7. 0 mm) 1Y
Pk, S ECh R RE T BRI . AN IE
i@ 7% S5 I B AR G o 1 SR AR YT HORTTR A RE Y Rk
L T i v A5 AR A A AE H A 25 TR AR 1N FH AT
Bt

BT, BB D — 2 5 X e KUBIL A B O i
e S5 U B R B8 U g T A Bk KT i, AR Y
A) VP H W RER N IR

1 fELTTE

Shy S BB 37 B DX B 0 P R I 00 e U A A
M S PEA AL, B T Be TR) 25 I 4 V% 1 A0 e 5 XU
PR S FE Al 48t — ol G I R SO0 i XL
AR 5 5 T % S o TR BE 1 0022 38 T 7 B 26 XU
Peo TG, A X E RUBIL B SRR S T] T e 45 A
1Ak s Iy A A vt 76 PRE AR 5 b Ei0s 17 4%
T 2 5T RS R ROR S e e R Ok,
FE T D 0 0 AR ) 2= B, B ke 2L AT R R KA 2
Fy R KA K PR IE T KR Y e B R G 5
2SR RN =07 ) N A 5 = ol N5 o =8 s U R v Y i B
N
1.1 ETBEIBBMIZERERNTE

B B 18] 25 8 2 7 H 6T e XUAIL T I B I
G734 @13 Ny e U ST LT T YN L o B S <
AR 3N 14 (CFD) W) 2 H br 2 800046 P 7 18 32F 17
etk .
1.1.1 A& Mt B ARt

LT T 3 XU A A0 5 X0 42, I DL 26 R 1 &
TR 8 3 A 7 B M R R .
ok A B i R TR R RSB R AR I AR 1 TR 1T
S IE S . MR U KUBIL Y 4 O AR K
HLEE S i T fig ) B uke F 28 3k w1 2 R R 2% 1 A
XF TR AR e i Oy m AR 2 . H WoRIR I
W 3 T A R 6 T8 R AR Ak, W, 3R R g T A R X
Ak, (D) FRom i 7 5% K ] (AT 2% 3 5
2% ) B AH X RE A Al R A 1228 b H A A o e AR Y
i hhe s, A XX (2) RosiE e 7242 05 m (O



% XX #

R h, @R E WA Qe A e SR 5 AR R AR O 3

FoR BN E ) 1 5 ) e T Y AR AR
1) Wy i 2% % 8 % 2 v
W.— W,
(W.+w,)/2
T s Ly, R AT S5 2 R G AT 3 Wk W T A
Xt B m/s; W, o g TR S m /s o
2) e B G
W,— W,

Lygn= 7~ (2)
D.shth (WSth Wh)/Z

Lyyw= (1)

i

——— e————

(a) ALt oTid 72

o] [~ RFE
- FHR

524

504

152 E5dB (A)

48+

464

44 T T T T T T T T 1
2100 2200 2300 2400 2500 2600 2700 2800 2900 3000

X ZEm3/h
(o) PLAbTl Ja R e X L

s Ly o WA BB FE G 3 W 0y He BB R 3
m/s; W, 8 GARXT R, m /s,
1.1.2 AFCFD#® % B A2kt

iE— LT CFD M 2 H br S 8k th ik %
o5k, 454 ANSYS WORKBENCH ¥ & , i it
AL IE % L K Design of Experiment (DOE )&
B, B BT KL RE . T B AR S50k
A3 F 00, REE 7R R R R MRS FEAR 1.5 dB, T %
TREA S5 W, N 1 s .

(b) Fo % 2 58 2 A

RE-Th
wl [ EAE

40

30 T T T T 1
2000 2200 2400 2600 2800 3000

KEm3/h

(d) PEAHT 7 KU By 2% L

B1 RUEGIRER

Fig.1 Optimization examples and results
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Fig.2 Schematic diagram of the cyclone structure
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Fig.3 Wind speed cloud images at different distances (Each figure represents the X and Y directions of the room in both

horizontal and vertical directions)
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Fig.4 Comparison of wind field between cyclone and traditional fan
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Fig.5 Wind field and test effect of cyclone at 1.0m

distance from outlet (Longitudinal section)
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Fig.7 Simulation results of temperature distribution of

cyclone remote air supply
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Fig.8 Schematic diagram of a rotating jet
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Table 1 Comparison of advantages and disadvantages of

different wind turbine forms
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Fig.9 CFD simulation mixed-flow wind turbine jet effect
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Fig.10 CFD simulation of mixed flow wind turbine with

wind deflector jet effect
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Table 2 Relation between wind speed and distance of

cyclone
FE#S/m Al 28 X/ (m/s)
1.0 4.2 3.6 3.3 2.8 2.2 1.5 0.7
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4.0 3.3 2.7 2.2 1.6 0.8 0.3
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8.0 2.1 1.5 0.9 0.2
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14.0 0.3

g5 4 Ch B AR N AR RS ) (GB/T 10000—
2023) 2 il AR B 2 B R RO 18~70 % iiAE B T
50% A 43 AL R R A 137 my, SR ER R
1.04 m;18~70 % B4 L 1 50 % & 4057 119 J B 1 &
J91.28 m, IFEBE RN 0. 96 m. H5As I b KU
BRI L Am, FHKOEERLOm,HlE T
A NE TRz W R~ %2 (| 12 BF
7N ) LA R B A% ) & 38 14 A 2 gk

1.4m

E12 EFRGHHTSAPEREITERERRN
Fig.12 Prototype design based on wind field analysis and

user requirements
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Fig.13 Schematic diagram of the structure of the simulation environment laboratory
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Table 3 Basic information on experimental subjects

e A HK A i HEi/em KT /kg BMI

Pk 10 65.045.0 169.5£2.7 67.4%£2.6 23.5%0.5
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