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Performance Prediction and Parametric Analysis of Small Diameter
Heat Exchangers Based on Distributed Parameter Model

Li Jinbo'?  Zhao Fufeng’ Li Rixin® Du Shunkai’ Zhi Changshuang' Liu Yingwen'

(1. School of Energy and Power Engineering, Xi'an Jiaotong University, Xi’an, 710049, China; 2. Guangdong
Midea Refrigeration Equipment Co. , Lid. , Foshan, 528311, China)

Abstract Based on a three-dimensional distributed parameter model, a simulation model of a small-diameter heat exchanger in the indoor
unit of a split-household air-conditioner was established, and the performance metrics were computed, including the total heat load,
sensible heat load, latent heat load, refrigerant-side pressure drop, and air-side pressure drop. The effects of the tube length, refrigerant
mass flow rate, air volumetric flow rate, air inlet temperature, and air inlet relative humidity on the heat exchanger performance metrics
were determined under different working conditions. For the 5 mm diameter heat exchanger considered in this study, the corresponding
tube length range was 0. 6~0.7 m, achieving good heat transfer with a small pressure drop. Owing to the comprehensive influence of the
heat transfer coefficient and the effective mass transfer time , when the volumetric flow of air was in the range of 600~700 m®/h, the latent

heat load reached a maximum of 426 W. With an increase in the air inlet temperature, the sensible heat load first increased and then

decreased.
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Fig.1 The circuit for indoor unit with 5 mm tube diameter
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Fig.2 Three-dimensional geometric diagram of finned

tube heat exchanger
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Tab.1 Structural parameters of tubeside

HRSH By WL 24 y¢:N
FHHK/mm 675 WRES/(°) 11.2
B HME/mm 5 Wi/ (°) 15
N/ mm 4.6 % 7&/mm 0. 107
EREE/mm 0.2 W/ mm 0.263
B4 [ BE/mm 14.5 P 15/ mm 0.13
Y\ 1) [ BE/mm 12.56 | %tk 55

x2 BRMEHSEH
Tab.2 Structural parameters of fin side
W24 ol
J#/mm 1.2
R TR/ mm 0. 095
IR 4
M A B/ mm 0.6
A 6/ mm 1.0
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Fig.3 Calculation element
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Tab.4 Correlations of heat exchanger modules
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Fig.4 Independence verification of number in elements
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Tab.5 Comparison of simulation and experimental results
i % A
T4
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Fig.5 Small diameter heat exchanger
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Fig.6 Variations of heat load with tube length
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Fig.7 Variations of pressure drop with tube length
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Tab.6 Setting of simulation ( refrigerant mass flow rate)

fE  WEFEE WE/ S8 A0 ERAN
T Wi/ (kg/h)  (mP/h)  TERIBEE/C MHXHEE /%

ERES 36~72 779 27 47
il F 36~72 984 20 59
45071
3.60f
§ 2,70t
@ - BEHE
S L —o BHE
4 1.80 i

O 1 1 1 1 1 1 ]
32 37 42 47 52 57 62 67 72 77

BB R E/ (ke/h)
() Hl¥ T4

575¢

5.25¢ /_/./'
i 4750 /./'
] .
g 425
i

3.75}

3.25¢

2'7532 37 4'2 47 5'2 57 612 67 7lz 7'7
4 IR &/ (kg/h)
(b) HlIF TS
E 8 EHERFAFTIREREN T

Fig.8 Variations of heat load with mass flow of refrigerant
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Fig.9 Variations of pressure drop with mass flow

of refrigerant
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Tab.7 Setting of simulation ( air flow rate)
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Fig.10 Variations of heat load with air volume flow
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Fig.11 Variations of pressure drop with air volume flow
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