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Abstract An artificial environment laboratory provides test conditions specified in the national standards for air conditioning and refrige-
ration equipment; the more uniform and stable the flow field are and the smaller the change in gradient around the test sample under the
working conditions is, the lower the uncertainty in the performance test results is . Specifically, the internal flow field achieved in a labo-
ratory is closely related to the air outlet of the pipelines used in the lab. In this paper, the outlet speeds of a square duct ( control group) ,
and air supply ducts with 30°, 45°, and 60° slopes, are analyzed and compared with an air supply duct with a continuous slope at a con-
stant height and an air supply duct with a continuous slope under a constant air volume. Further, the calculated results are verified experi-
mentally, and the maximum relative error of the measured and calculated results is 16. 35% . The results show that the approximate calcu-
lation method has a noticeable value when designing an artificial environment laboratory, and the air velocity in the supply air duct is rec-
ommended to be within 2 —6 m/s. Finally, a comprehensive index, i. e. , the uniformity index/ventilation efficiency (drop) index, is put
forward to evaluate the performance of supply air duct in this investigation. It is shoun that an air supply duct with a 60° slope works best
based on the comprehensive evaluation index.

Keywords artificial environment laboratory; airflow configuration; approximate calculation; experimental verification; evaluation index
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Fig. 1 Outdoor structure of the artificial environment laboratory
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Fig. 2 Six structures of typical air supply duct
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Tab. 1 Drag coefficient and calculated results of different air duct structures

45k a b v,/ (m/s) v,/ (m/s) v,/ (m/s) v,/ (m/s)
I 3% RURGE 1/3 1 2.00 1.61 1.27 1.02
30°RHgE % XUXLIE 2/5 3/4 2. 00 1.65 1.34 1. 11
45° RhE % KU TE 1/2 172 2.00 1.79 1.62 1.47
60° FH % KR E 3/4 2/5 2.00 1.63 1.59 1.45
A5 e B SRR XU 1 1/3 2.00 1.86 1.74 1.63
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Tab. 2 Calculation results of continuous air supply duct with equal air volume
W i Wt/ (m?/s) M/ (m/s) W AL m® JE B8/ m JUH 25 )8/ m

1# 6.12 2.00 3.06 0.6 5.00

2# 4.59 1.98 2.91 0.6 3.86

3# 3.06 1.96 1.56 0.6 2.61
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Fig. 4 Layout of measuring points in 60° slope air supply duct
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and 60°slope air supply duct
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Fig. 6 Comparison of calculated cross section wind velocity

and measured results of six types of air supply duct
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Tab. 3 Uncertainty of measured results of six types

of air supply duct
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Tab. 4 Uniformity coefficients of six types of air supply duct under the uniformity evaluation index

451 o, o, o o, T
J7 B2 XXGE 0 0.20 0.37 0.49 0.265
30° BHH % HUXUE 0 0.16 0.33 0. 45 0.235
45° BRIk KUXUE 0 0.11 0.19 0.28 0.145
60° AR % RUXUE 0 0.16 0. 20 0.27 0.158
S5 B SRR KURLTE 0 0.07 0.13 0.19 0.098
A5 DA a3 SR AR 6 UKL 0 0.01 0.02 0.03 0.015
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Tab. 5 Pressure drop coefficient of six air supply duct under the evaluation index of air supply efficiency
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Tab. 6 Comprehensive index value of six types of
air supply duct
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1.58 5 % 1y B 3% 2k b 2% UK B9 R 38 5] R ECh
0.098 , JERE R KN 0. 178, L5 A 4847 1. 82 2 AU i
TSR URGE A 5 2B R 0. 015, JE % 5
0 0.030, 2555 bR 0 2. 00,

2) X 3 Ff A B 0 bk =0k KR, 30° b %
KXGE AR 5] 280 0,235, JEFE R BN 0,390 4%
BIRAR N 1. 66545 RHE 2% WXGE 19 R 5] ZRECH
0. 145 JEFERECN 0. 245, L5546 hR 0 1. 69 560° &
PGB ARSI ZB0N 0. 158 KRR ECH 0. 360,
LG RN 2. 28,

3) A7 LASB AT HEAE by 26 IROXUE (4 D4 36 A, D 25
DA 4 ARt 2 XA P 388 SR B A , A% 1 XL 326 XL
B PRI VEBOZ AR BT 5 45 LUK KBICRAE R 26 UK
TR AR, 0 T3 KURGE 19 FE B8 e R, AN 5 B8 RUTE
R R BUZ S M 25 WS B B AR &,
60° RHI 1% KURAIE 1Y 25 A 3R it i 25 0 1 1AL
CEA IR T R XIS ME SR0R HL5 % K 1 2 Ak
26 URGE B AR T AR R KD, TR BN T IREESE
B S A FZ S AU, L mT 44 04 % IRk B vi el
N2 ~6 m/s,

4) XA SCHRE HE 0 26 R A PR R A L 6 KUBEOR
TEbr 5L 6 16845 3 FIEM 73X LB P Fe An IR B e
Jo5 1 36 KUK () 38 20 P 5 36 RRCR 326 IRUXGE 78R
ZFRPRI R IR B — i 26 K A R AT T &
FHIVE 3% RBCRELR Il T 28 A PR A8 B 17 A
], A Bk REAE R VE T

RICZITHEEE T =K IR RHEIE 4 (15KID470001 )
PEBIIH , (The project was supported by the Higher Education
Institutions of Jiangsu Province (No. 15KJD470001). )
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