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Optimal Design and Experimental Verification of Heat Transfer Capacity of
Heat Exchanger in Large Temperature Difference Air Handling Unit
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Abstract A chilled water system with large temperature difference is essential for the economical operation of air conditioning. This de-
sign also enables air handling units (AHU) to achieve an energy-saving effect. Based on the mechanism of the heat exchange in AHU,
this study analyzes how chilled water with large temperature difference affects the heat transfer of AHU. Experiments are conducted to test
the influence of large temperature difference of chilled water in the cooling coils with differential enthalpy method. The pipe shapes and
flow routes are optimized. The performances of the cooling coils are compared for different coil pipe shapes, flow routes, and fin spacings.
Using the same heat exchange section, the AHU of this design reduces the energy consumption by approximately 20% compared with a
conventional unit. Furthermore, a preferable scheme is proposed to reduce energy consumption by 25%, in which cooling coils are com-
posed of four-row high-efficiency inner threaded pipes that have the same ratio ( cooling capacity to airflow) as those of six-row non-threa-
ded pipes. The results provide applicable and practical cases for the design of AHU with large temperature difference.

Keywords large temperature difference ;air handling unit;surface coefficient of heat transfer;flow path
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Fig.6 Experimental device of enthalpy difference method
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Fig.7 Experimental device of air flow measurement
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Tab.1 Test results of three sets of surface coolers with smooth tube and high efficiency toothed tube

T H RN R TEE i e
HEBL 4 4 6
R/ (W/(m/h)) 5.66 4.47 5.60
2SR B/ kW 130.2 103.6 129. 4
IRV B/ kW 136. 8 107.2 134.6
2S5 KT AR ER TR B/ °C 15.9/15.5 17.3/16.6 16.2/15.5
=S M BEFE/ W 10 049 10 049 11212
IKIMBERE/ W 1716 255 972
ZRERERE/W 11 765 10 304 12 184
KA/ (m/s) 0.80 0.45 0.56
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Tab.2 Test results of cold air ratio of surface cooler with
large temperature difference and normal water

inlet and outlet conditions

BIRE| K% WA
HY RN IRTEE e
HERL 4 4
/K IR/ C 7/17 7/12
R/ (W/(m/h)) 5. 66 5. 60
23S L/ kW 130.2 131.0
IRV kW 136. 8 133.0
2SN KT AR ERIR B C 15.9/15.5 16.0/15. 4
R REFE/ W 10 049 9 928
KA REFE/ W 1716 4525
LRERERE/W 11 765 14 453
IR/ (m/s) 0.8 1.2

4 g

AR SRR 25 RS AR SR T EA T T AR
F) S

1) 2R FH e 850 U T 46 AT I, 7 4 [ A S T L, A
[ [l ), 6 ARRE T BOGAS B R 2 25% , M) 0L
T, 4 [l s AU B 4 A 7 4 i 2 20% , 7K BH 7 4
B2 T0% , AT LIGE 24004k 1, 7650 32 5 2R 18 2 Kk
AR T, 25575 IR IARE ) SRR RERE

2) ZSEEREGUE , SR FHZ2 WHLIT 8K, 25 S i 3 34
SRR 10% , 4 F) T4 130 22 v 25 AU 45 24 45 44
RORPE R 5%,

3) ST 5 AR A M, SR K L 25 2 TR AL AL AH
LU T8 MR 25 WL 256 REAREREAR 20% L) I

(1] JiffsR. REBEFS BT R TR (M), Jbnt.
HRE LR Tk Bk, 2001, (FAN Cunyang. Design of
air conditioning in large space & project record[ M ]. Bei-
jing: China Architecture & Building Press, 2001. )

(2] PMEEDS, Sk, ERAR, & RIVEREK s vl 2 8 67 A
FEPESMIT( T ). R SUAGEE A5 I, 2009, 28(6) : 8-
11. (SUN Shengnan, ZHANG Xu, WANG Songqing, et
al. Analysis on characteristics of air conditioning load for a
large scale railway station[ J]. Building Energy & Environ-
ment, 2009, 28(6): 8-11.)

[3] sk, ¥R, XImede, 2. LI uh B = 08 R G ix

T BT BUR R R )], IR ZS A, 2018, 48(1) ;
53-59, 37. (ZHANG Tao, LIU Xiaochen, LIU Xiaohua,
et al. Design, operating status and research prospects of air
conditioning systems in airport terminals [ J]. Journal of
HV&AC, 2018, 48(1): 53-59, 37.)

[4] BE%o@, sk, BRAC. mgkal by s )2 ik WU <
WHLUMT SOETE[T]. SRR 5 TR, 2015,
12(4) . 762-768. (JIA Xuebin, ZHANG Lei, CHEN
Jingwen. Analysis and research of air distribution through
air supply by air conditioning in waiting room of high-speed
railway station with large space[ J]. Journal of Railway Sci-
ence and Engineering, 2015, 12(4) . 762-768. )

(5] BV =WARMRZEMF (1) &3 ankl)]. ks
Z51#, 2000, 30(4): 62-66. (YIN Ping. Research of
large temperature difference in air conditioning (1) : eco-
nomic analysis methods[ J]. Journal of HV&AC, 2000, 30
(4). 62-66.)

[6] BV, =HKIRZER(4): 2HRKKIRZERF AT
SAHT(T]. BB S, 2001, 31(1);: 68-72. (YIN Ping.
Research of large temperature difference in air conditioning
(4) : an economical analysis of the system with a large tem-
perature difference between supply and return water[ J].
Journal of HV&AC, 2001, 31(1): 68-72.)

(7] R/ANTL, BASOR. Rl 28 25 K 52 G M BR 28 0 o0 #r
[J]. ¥, 2005, 24 (3T 1) . 99-101. (WU Xiaowei,
HU Wenbin. Techno-economic analysis of chilled water
system with high temperature difference[ J]. Refrigeration,
2005, 24(Suppl. 1) 99-101.)

(8] JAWER, Brilide. 25 Ve /K £ 48 KR 22 B RO REAE
ST, BRI XA T, 1999, 18(2): 18-19.
(ZHOU Yasu, CHEN Peilin. Analysis on energy consump-
tion of large temperature difference in air conditioning
chilled water system[ J]. Building Energy & Environment,
1999, 18(2): 18-19.)

(9] BRfhke, Zwlss. REAEFR 2 2= % KR 5
HIRERE T[], HI¥e, 2015, 34(2): 46-49. (CHEN
Weihuang, LI Sixiu. Analysis of energy consumption of air
conditioning chilled water system with large temperature
difference of a large public building [ J]. Refrigeration,
2015, 34(2) . 46-49.)

[10] EREBE VEAS 9%, 5. = A%RKKIRZE RG R rik
WFoE[T]. WA 5259 (i), 2014, 28(3) ; 321-326.
(WANG Maoqi, WANG Xi, PU Jun, et,al. Research on
the design method of air conditioning cold water large tem-
perature difference system[ J]. Refrigeration and Air Con-
ditioning, 2014, 28(3) . 18-19.)

[11] #esk, SRR, Rar &, 55 VKRR 2817 193 N
HewtsE[J]. 2 5 E I HLK, 2009, 30(5) . 5-
11. (HENG Guanglin, HAN Linjun, ZHU Fenfei, et al.



F42% FoHl
2021 £ 12 A

#l % F W

Journal of Refrigeration

Vol. 42 ,No. 6
December, 2021

(12]

[13]

[14]

[15]

[16]

Research on the adaptability of the chilled water large tem-
perature difference operation[ J]. Refrigeration Air Condi-
tioning & Electric Power Machinery, 2009, 30 (5): 5
~11.)

R, kR, SRR ARIM]. dtat. hEARD
ffi4t,2010. (LAI Zhouping, ZHANG Rongke. Air cooler
[M]. Beijing; China Petrochemical Press, 2010. )
Fgscee. BRI M. dbnt. fJ7 Tl Rk,
1981. ( TAO Wenquan.
[M]. Beijing; Electric Power Industry Press, 1981. )
MM, S HEoT. e tERE T T TR (D], B
4R, 2009, 58 (7): 4766 -4771. (LIU Xiongbin, GUO
Zengyuan. A novel method for heat exchanger analysis[ J].
Acta Physica Sinica, 2009, 58(7) : 4766-4771.)

THE, BEEAR. ¥ K R IR 25 X 218 8 B2 UBL AL 1% Ak
B [ J]. BRI 258, 2004, 34(3): 77-79. (YU

Dan, LU Yajun. Influence of chilled water with large tem-

Fundamentals of heat transfer

perature difference on performance of air coolers and fan
coils[ J]. Journal of HV&AC, 2004, 34(3) . 77-79.)

B, B, R, AE VR URK RIR2E 11 RETE 4
BT R HLT]. A SANAEIE KA 34, 2011, 30(1): 66-
69. (XUAN Chenchen, ZHU Jian, LI Yueping, et al. En-

[17]

[18]

ergy conservation and application of chilled water with large
temperature difference[ J]. Building Energy & Environ-
ment, 2011, 30(1) . 66—69. )

HEEC AL HLAL . JB/T 9066—1999[ ST. AL 5T . HLA
Tl FRHLAR AR HE AL 58 T, 1999. ( Cabinet-type fan coil
unit: JB/T 9066—1999[ S]. Beijing: Institute of Mechani-
cal Standardization, Ministry of Machinery Industry,
1999.)

A A TP GB/T 14294—2008[ S, dbat . v bz
HEH i AL 2008. ( Combined air conditioning unit; GB/T
14294—2008[ S]. Beijing: China Standard Press, 2008. )

BIEIEEBT
TRHEE, 2, TR W, BROE A R A B A R & F,

16675677742 , E-mail ; diandian920216@ 163. com, 5% 77 [

HE Rz AL A .

About the corresponding author

Xu Yanni, female, engineer, Gree Electric Appliances Inc. of
Zhuhai, + 86 16675677742, E-mail: diandian920216 @ 163.
com. Research fields: research and development of modular air

conditioning unit.



