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Steady-State Simulation Approach of Heat Pump Type Multi-Unit Air
Conditioning Systems with Vapor Injection
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(1. Xiaomi Smart Appliances (Wuhan) Co. , Ltd. , Wuhan, 430075, China; 2. School of Ocean & Civil Engineering,
Shanghai Jiao Tong University, Shanghai, 200240, China)

Abstract Vapor injection technology can effectively enhance the heating performance of heat pump-type multi-unit air conditioning
systems (heat pump VRF) under low-temperature conditions. However, complex system configuration and component coupling
necessitate a more general steady-state simulation approach for VRF heat pumps. This study proposes an improved graph-theory-based
steady-state simulation method for a multiunit air-conditioning system with vapor injection. By abstracting the components into
computational units, a graph-theory-based description method guided by the refrigerant flow paths was established. A directed graph of
computation units was employed to characterize the adjacency relationships in cooling/heating modes , with mode switching achieved using
a four-way valve model. A dual-layer path generation method for system pressure and flow paths is proposed, along with a decoupled
iterative algorithm for flow pressure calculation. Validation based on experimental data from a heat pump VRF system with vapor injection
(four indoor units) shows that the model prediction error is within #5% under rated cooling/heating conditions. A steady-state simulation
platform with customizable system configurations was developed based on the proposed method, providing a convenient digital tool for the
VRF system design.

Keywords multi-unit air conditioning systems; heat pump; vapor injection; steady-state simulation; graph theory
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Fig.1 Typical structure of the VRF system with vapor injection
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Fig.2 Directed diagram of system computation units
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Fig.5 Computation flow chart of a single iteration step
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Tab.4 Main component structural parameters

Ko g e HfE
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B[] /mm 22%19
el A Pt
A 7 mm AL
J St fmm 1 080%230x40
U ] /mm 19%13
ERL . O
(eS| 5 mm BRE
- WA AR (/) 4.15x107°
HAURARIL BRI (x/s) 50
LTI K SIMILIABLBERE B4R /mm 2.4/2.0/1.65
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e
L TR B S AT/ 0.076/0.083
R /m 0.496
KW e DR AERUL 0.002 8
[ 3 LR /mm 1.5
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Tab.5 Experimental test parameters

FHiZaE IRIE = T Y AE A
FE4RHL 1% Ha 55 70
e TARERIR L C 35/24 7/6
AL/ (m*/h) 5200 5300
ENHL THRRRIREE C 27/19 20/15
A/ (m¥/h) 4350 4650
B 480 400
W 70 50
AL 176 480
HL M Jik A pls
A2 180 480
WHL3 180 480
WiL4 180 480
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Tab.6 Comparison of simulation and experimental results
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FMES/MPa 212 208 -1.9% 145 138 -4.8%
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Fig.6 Simulation software interface
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