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[ Abstract]

In this work, the concept of hot gas direct defrosting (HGDD) of air-source heat pump is proposed at first, which

does not need to add a hot gas bypass branch and the refrigerant flow direction during defrosting is the same as that of heating cycle.

In the next, the flow rate demand of HGDD was analyzed, the flow rate curve of the electronic expansion valve was improved, and

a biconical electronic expansion valve was designed to meet the flow rate demand during heating and hot gas direct defrosting.

Finally, the heat loss of R32 refrigerant in the expansion valve under different expansion valve pulses during the hot gas direct

defrosting process was simulated using CFD technology, and the results showed that there existed an optimal expansion valve

opening to produce the largest defrosting heat at expansion valve outlet.
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Fig.1 Refrigerant flow direction of hot gas direct

defrosting technology
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Fig.2 Pressure enthalpy diagram of hot gas direct
defrosting cycle and traditional heating cycle
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Fig.3 Pressure enthalpy diagram of hot gas direct

defrosting process with and without expansion valve
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Fig.4 Flow rate curve diagram of the traditional
electronic expansion valve
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Fig.5 Presupposed flow rate curve of special electronic
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expansion valve for hot gas direct defrosting technology
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Fig.6 Simplified calculation model of valve needle and
flow cross-section area of electronic expansion valve
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Fig.7 Valve needle structure of hot gas direct defrosting

technology
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Fig.8 Diagram of valve needle structure of biconical
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Fig.9 Three-dimensional flow channel model and flow
channel profile of expansion valve
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Table 1 CFD simulation boundary conditions of

expansion valve flow rate curve
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Fig.10 Enlarged view of valve core flow channel under
different pulses

BRI AN R 1R Bk ok T 1) 25 AR R L B
Wk 11 s W RUR B AR T D 350 Rkt
I AR AFAE S 5, ZTT N 100~350 Jk b it
BN, kP EORT 350 i), AR
TR PRI . K Ky 350 X N RN
14.55L/min , ik #i # O 400 X 2 f) A E N
30.78L/min, ] LAH A2 1 174 i) 4 i SR ELA 74 o)
PRk PR VS BBOR, REMS IR R HIAS EME . 2k
N 500 B, e KRN 69.82L/min, KT
S0L/min ifj /N 70L/min, AT LA & #vS BB LR
oK, PRI T AR KU T R BB I 1R 435 A T DL A2
TR il PR BB AL AR 7 oK

70 —— R

100 150 200 250 300 350 400 450 500
fikit (P)

11 A[Efos TR0 S T BB F B BRI = SRR 2
Fig.11 Simulated air volume flow of biconical electronic

expansion valve under different pulses
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Table 2 CFD simulation boundary conditions for R32

refrigerant expansion valve

R KR ABEOEIIEE BEHOED
437 2.40 MPa, 45.0C 0.9 MPa
450 2.23 MPa, 42.17°C 1.07 MPa
460 2.10 MPa, 40.0C 1.2 MPa
465 2.07 MPa, 38.75°C 1.23 MPa
470 2.03 MPa, 37.5C 1.25 MPa
475 1.99 MPa, 36.25°C 1.28 MPa
480 1.95 MPa, 35°C 1.3 MPa
490 1.88 MPa, 32.5°C 1.35 MPa
500 1.80 MPa, 30.0°C 1.4 MPa




<192 - il ¥4

751 2023 4F

®3 R FATIEAKRREER G RERENE EE
Table 3 Simulated mass flow rate and outlet temperature

of R32 refrigerant expansion valve

AR Bk P SRR R (g/s) H R/ C
437 17.31 9.51
450 18.21 15.09
460 18.13 19.18
465 18.28 19.19
470 18.14 19.22
475 17.84 19.53
480 17.47 19.6
490 16.59 19.79
500 15.15 20.31
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Fig.12 Pressure distribution in expansion valve core under different pulses
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Fig.14 Velocity distribution in expansion valve core under different pulses
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