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Experimental Investigation on a Novel Dry-Expansion Evaporator in an
Air-Cooled Heat Pump
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Abstract: A novel turbulent flow self-supported dry-expansion evaporator based on unsymmetrical space heat
transfer concept was presented in order to overcome poor heat transfer performance and high resistance
problems of conventional baffle shell-and-tube dry-expansion evaporators. The new evaporator was installed
and evaluated on an air-cooled heat pump. The results show that the cooling capacity of the air-cooled heat
pump is 52.33 kW, and the cooling coefficient of performance (COP) is 2.47. Moreover, the heating capacity is
63.32 kW -and heating COP is 3.0. Comparative experiments with the same type of air-cooled heat pump were
tested using a conventional baffle shell-and-tube dry-expansion evaporator. The heat transfer area of the novel
evaporator is reduced by 33.3%, and the cooling COP is increased by 6.0%. Moreover, the heating COP is
increased by 15.8% and the amount of refrigerant charge is reduced by 7.1%.
Key words: air-cooled heat pump; dry-expansion evaporator; turbulent flow; unsymmetrical space heat
transfer; energy conservation
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Fig.1 Structure of the novel dry-expansion evaporator
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HRFIERAE NRFEMT R, dSBHIAFINEREERRIEL, K. WHIDHEXTHR
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2.2 §;3{ﬁ$§§ Table 1 Main parameters of the novel dry-expansion evaporator
. N, . . N Item Size/Number
RNTURFHIRERE X ERTRER Cylinder diameter / mm 160
. y I &0 ., 3 fets Tube length / mm 1500
%%XTBL#%??S@?E ﬁ Re Eﬁ?’/ l]ﬁ ’ #—'ﬁ’f??}ﬁjﬁﬁﬁ 8 Up tube base diameter/ wall thickness / mm 7.0/0.41
HFRER BRI, FORFHTRAER Number of up ubes 52
Downtube base diameter/ wall thickness / mm 9.8/0.41
%%ﬁ%ﬂi?ﬁﬁiﬁ!%?\] LSRFM65 H‘J*ﬁﬁ%iﬁm‘/‘:} Number of down tubes 38
g pe Number of tubepath: 2
AR L, FRIE LN 250 B AT Number of shellpaths 2
9,5 B'fJ ﬁﬁé &!u ﬁt Heat transfer area / m” 4.0

B2 ARAHRFELHRMRRERE, HRARARFEHBE MR, Eb, EHN 1 RARRES
ML, BS54 C-SC903H8H; A #2382 NRAA S, WA NFHE 09.52 ShE&R/KERF, 40 B U R
&, FEE 1.5 mm, ERER: 1840 mmx1016 mm, &R 3 KEBEHLE S A YLS-1100W-6P; Y
I 4 RS STF-11, S ER 5 BS RN ZYG-41, FHHREE 6 R SEHKE TGEX11; ZR3E
7 ATRERR, FIAFIAR22, BHKE 8 EAN IS-65-50-160(7), TEFR/KFE 9 KIERBERN 2.5 m’.
BALRBEBERESESWHHE TREERY, HEIXRAAERETRELR M EIMUEFHIEA,
RAREAGKBOK KR R G R AEH], DA RSRIRER. EHE LT FRENFIAIER,
I U, AT SEELH A/ TR
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Fig.2 Schematic diagram of air-cooled heat pump with a dry-expansion evaporator
1. compressor 2. heat exchanger outdoor 3. cooled fan 4. four-way valve 5. gas-liquid separator

6. thermal expansion valve 7. dry-expansion evaporator 8. water pump 9. water tank
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Table 2 Main parameters of the conventional baffle dry-expansion evaporator

Outer diameter ~ Wall thickness ~ Tube length  Baffle distance Number  Numberof  Numberof  Heat transfer Cylinder

size / mm / mm / mm / mm of tubes tube path shell path area / m’ diameter / mm
9.52 0.41 1500 75 134 2 2 6.0 180
LR ABBEATENNEHRER #3 ETEMRE

ik 7 %% F % it W, ; % ':P 'ff 2] i | RAL Table 3 Apparatuses for different measurements
” _ Instrument name Model Range Accuracy
BIEESHWR 3 Fir. Platinum RTD PTI00  0~300C  GradeA
Snoa Humidity sensor EE20 0%~100%
2.3 QE\_M &*E&L\ig Turbine flow sensor LWGY-40  2~15m’h? 1%
2.3.1 ﬂ?ﬂ ;‘Z‘e\/ %U ﬁ‘{% i ‘H‘ﬁ Pressure transmitter KYB600 0~4 MPa 0.25%
Power meter DTg862-4 0~50 A 2%

KA BRI ARG AT o, HEHA/
HIRERIRRABRGRAFIE, FIABQ)FTERBNEAE, REAFKNREMEZITE, H
HEARRA:

O, =m,Co Ot =p, -V, -c, (b, 1,,) )]
Ref, m, ARHKRERRE, kgm™: c,, WAGKER, kKkg'C™s V, WAGKERRE, m’s™; ¢,
NAHKEDREE, C: 1, NAHKHEOERE, C.
RARERFIAER(O)ETARBNHRMAE, TREFZKORERMBZRTE, LHEARA:
Q. =m, *Coe At =p, -V, “Coe '(tc,z - tc,l) )
R, m, ARKRBRE, kgm™s c, ARUKHH, kIkgC™ V, ARKERRE, m's™s 1, A
HoKFEOBRE, C; t., NEKHOBE, C.
232 RAREHGEREWITE
RA&RFERABIEANS T, HEEEEEFVNAERL, WEEERE(COP )EA:

cop=—2_ 3)
P+P,

cop=—% )
P+P

A, P AEBIIIE, kW; B AXHIIER, kW; HBRENES. RE). @20 HR=HE R k6
RE.

KR RAERBRIEFMAABRIGHRAEAZMAT, BIEHRUTFRERSOERMERRSE, BRIE
FATABRBRATROEE. REFEKZRIREEREE R ZIRT AKX T UAR], AR
R MR B INRRER 5.96%, X R AIH] R AR REAIINR IR Z 0 7.96%; S AR IR ZE 9 5.22%,
XoF B R R A B R B RR ZE R 7.22%,  FE AR B T2 SEhr i A R 2

3 XBHERESH
B XA RER I A R R OB E TR SR A TS SR, Z4MURNEREBRN
FERIEBHEA 34.99°C, WIREFEN 23.99°C; HIHE, ZIMURRB R TIREE N 7.06°C, BIREFE N
5.98C.
3.1 FDATRARLER
FLRMBFATRERBOAGE K. HOREMEENE 3 FoR. E0RMR, FRETRERRLS
Bk B OKBAENRE, RSKEEFHEN 11.12°C, H/KBEFSERN 7.09C, FHEZEN4.03C.
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Fig.3 Relationship between the inlet/outlet water Fig4 Relationship between cooling capacity and power
temperatures of cooled water and temperature difference consumption of the air~cooled heat pump and COP

FlR TOUET, MARRAIEE. LD XN DIFE L K SRR R E(CoP) A 4 FiR. MR
B, RARERFYFAER 52.33 kW, EHENARIFHEIEEN 21.21 kW, 1A TR THEY
COP {EH 2.47.
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Fig.5 Relationship between the inlet/outlet water Fig.6 Relationship between heating capacity and power
temperatures of heating water and temperature difference consumption of the air-cooled heat pump and COP
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AT XS IHHTFRERBHERTRRT RBER BN RAREEREMENE, BXAMPTRER
BERE R —H S (LSREMOS R XN RARFE LR & LTk, HERWR 4 s,

I 4 BIRSER T R, EARAES TRAUKAS T, R T AR FOERA KA HER
HIABX 52.33 kW, JHREMBEIIER 21.21 kW; EEREAZTRRTRELBHERAXRAARZOH S E
4999 kW, JHFEMHINENR 2142 kW; BTENEIARILEES 4.7%, HENBIIRLEHK 1.0%,
THEATBRT A IHIA MR R YN 247, FEWHIERRECH 233, MIELEERET 6.0%. EHFRK
FIRTHIRAZET, BEFTHTFRERBOERARNARENHAREN 63.32 kW, HFENBIIERS
21.09 kW; T3 EAE S HT R T RN KRB HBRARA RFE R H R Ky 5538 kW, HFEMBIIER 21.35
kW: BIEARIFIRELEE R 14.3%, HREAEINERLEER 1.2%, THEATBRE KRR RECh 3.0,
ARG R LN 259, MIHHEERET 15.8%.
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Table 4 Comparison of main performance parameters of air-cooled heat pumps

Air-cooled heat pumps with Air-cooled heat pumps with
No. Item conventional baffle dry-expansion novel dry-expansion Difference
evaporators evaporators
1 Heat transfer area / m’ 6.0 4.0 Reduce 33.3%
2 Cooling capacity / kW 49.99 52.33 Increase 4.7%
3 Cooling power / kW 21.42 21.21 Decrease 1.0%
4 Cooling coefficient of performance(COP) 2.33 247 Improve 6.0%
5 Heating capacity / kW 55.38 63.32 Increase 14.3%
6 Heating power / kW 21.35 21.09 Decrease 1.2%
7 Heating coefficient of performance(COP) 2.59 3.0 Improve 15.8%
8 Amount of refrigerant charge / kg R22/7.0 R22/6.5 Reduce 7.1%

MATRARSOERATRATARTRERS, REEEFEA: 1) FETABKIRRAM T 8Y
IR RAERT R, EARKEREZERET, BRAESTRRTRBERSHDRNFAEATR, Rt
HAER. 2) FETRERBEH B FITER R B AFEBARAERIRR A, REHATIEISMBE
BEMT, FTERNERZEAFRKRE, RAESHRERBITER, HEFANELSMBEN TR
R R RLLFIER, RESSMBASHIR A BAERE, MTRRTRRE NS RE LR R
3) FRFRELBFXABIEBNAAENE, EENNBLANLFEERT, MHERE ARG LERE
R, BFTRSERINRIERRARERER, MBEAERE, REEN/IMNIENREERRE. B
WEETA, FRETARASNSERRLARTRR TARRBBRE, EERENRAERL
JEEWEL 33.3% BB T, BTERBRARILEEL, Fit, WRAERARARRNOERITEHER
JEEG. RN, BT RCEPBFNERELD, HARRENEL, BmEE, A, EEENHSTRE
FEHEE B,

4 & ®

X GITRR T RERBEELAMRENME, WEXNE S, AR —FFEIRERE X #HH TR
B, REEXNARE L, BEELRE, SMHMEEHETIR. H3 RIS HEERTRER TREREZH
RARIE, BHPERIT:

(1) P45 2080 B A T B A R XA R A B R 52.33 kW, HWERERECH 2.47,
MER 6332kW, FIHMERREN 3.0,

(2) EFRXHEMALEBEETRRTRERBNFA —BSHERARARE, FUTRERBHHER
ERRD 33.3%, BEIRARKAPNERHSERREURE 6.0%, FIAMERALEIER 15.8%, HIAFRER
W 7.1%.

() HSEIRMAGE R &, ASCHF I FT AR IR B R T RER BN LR SEAHTRR TR
AR, BRAEMARNRE, BAEBRELD, WETHRAE, ARERENRA. BEER-BSHE
BRARARE L, EHRERIREGT, #HETRERBHERXRA AR HFEEITRRTRER
SRR KX NAREEAEGHA NG AR RYE, ARFREEITERAE, BEWRMMKS, BN, 8
EHHIAFRERRZEE WAL, BRFREAEFRERBD X KKME 5. ik, HEIRER
B U FARRBRARTRAR TN 2488, RETHM. WM EKRE.

FFSiReg:

m — RERE, kgm? Tiw

P — ThE, kXW 1 — #0

0. — HIRE, kW 2 Sy

Q. — HIAE, kW c — IRZEHL

C, — b, kkg-C™t f — AL

t — ®E, C c — AR

Vo — FRGE, m's! e — HRB
p — K5
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