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Abstract

Abstract

Heat pump system is widely considered as the next generation thermal control
technology of spacecraft because of being able to take advantage of the refrigerant
latent heat, raising radiator temperature, improving the quality of waste heat and
having a higher COP. As the key technology of heat pump system, compressor is
directly related to the performance of it. In this paper, a micro-heat pump performance
test system was set up, experimental studies were carried out, a space radiation
condenser was designed, a miniature heat pump system prototype was designed and
developed, and oprating characteristics were conducted.

Firstly, an experimental system is designed and set up for investigating the
operation characteristics of miniature heat pump system, refrigerating output, power
input and COP were obtained under different work conditions. The measured results
indicate that the optimal charging quantity is 220g, the maximum refrigerant output is
279W and COP is 2.31 in conditions of 18°C chilled water and 35°C cooling water.
When the cooling water temperature raised from 21°C to 47°C, the cooling capacity
decreased from 505W to 426W and the COP reduced from 5.64 to 2.78. When the
chilled water temperature raised from 18°C to 52°C, the cooling capacity increased
from 236W to 637W and the COP increased from 2.01 to 5.40. Cooling capacity and
power consumption increase rapidly as the control voltage changed from 1V to 5V,
but COP decrease. Moreover, a 48 hours’ stability test was conducted, the compressor
can run well with a 400W refrigerant capacity.

A 450W heat rejection fin-tube radiator was designed; a thermal analysis model
was established; curves were obtained which described variations of heat rejection
capacity of radiators per unit area, radiator weight and fin efficiency against fin width
and tube diameter. Optimal fin width was determined based on the maximum heat
rejection capacity of radiators per unit area, after that the other parameters were all
calculated, the curves against temperature along fin width were obtained. Composite
heat rejections include nature convection and thermal radiation in different
environment temperature on the ground which the fin-tube radiator rejected was
analysis and the heat rejection curves were got.

A miniature heat pump system prototype was designed and developed, and
operating characteristics were conducted. In conditions of 22 °C environment
temperature and 19°C chilled water inlet temperature, the best refrigerating charge
was 180g with a maximum refrigerating output which was 344W. When the chilled
water inlet temperature was 29°C, the refrigerating output could reach more than

500W of the prototype which operated smoothly with low noise persistently. Finally
-
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the problems of the miniature heat pump prototype were analyzed and improvement
scheme were put forward.

Keywords thermal control heat pump experimental study radiated condenser
heat pump prototype
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& HARRARIEH KV 8 e B AR iy, X v ikt U DA ¢l X2 ]
R, Kt g T AR GE P RV Bl I AU A 3 v B AT Ay 1) A1 2 22 1) A
TR 15 ATV

1.2.2 WBIHS E gt B s TR

FEARHLZ I RGERIAZOFLLNE, ATHL G FIRFE g E T A RS RE
FIRRFIE . M S B, IV RGeS TSR &K IR AR LI e S R BILH OK o

— K ARG RN T 1 /min B FRZEHLE SCR BRI R EHLEY o 24 T 4 AL
RIEIRDAKE, 1E 255 2 Rl b R sl 70, W e e 0E A iy
FEARHLIIAIT ] o

Aspen Thermal TVl B+ =46 HL, @&l 1-2a s, & 77—k
DI R AW B TC R L, SR B el AL g AT Y rROp L, AT A s 4
MUAE AT T 3 B DA 2 s IR K o PG T IR 4R HLAE 38°CIRFREE N T
PLPEAE 300W (kA &, TEEHLE AL 5.33cm, K 7.44cm, i 0.59g, HIV%
7 R134a, FLYEA 24V EHLHIE.

Aspen Thermal B H 1K) 75— e i e 4 pL, ani&l 1-2b fhos, RAT L
Jll O BL T AR T FEA LR, A TS FR A WL w3 2 LA A2 r PR SR
MR T R ARVLAE 48.89° CHUBAEL R AT LL™ A4 300W [MHA &, H4iblEie
S5cm, £ 7.6cm, T 0.454kg.

G185 2% 70 H ML D) i i R B e 1 SR R 4R HLEY 5 05 KSDCO006 il
KSDCO010, Wil 1-3 Frox, WA ARS8 i A HLAE PRGBS 35 C I n] 43 i)™= A=
94W Fl 145W K74 . EAAHLEAE 6cm, & 10.4cm, H 1.4kg.

JE T VIR 2R F s 4 AR I T AR & Sk B e i SRR A ML B 1-4 5
RRANURANE R, ZEAER RS & 4, TR 400g, 7€ 40°C1)
BRI LLAE 300W il HIR IR R22, HUERH 24V 5E 12V HiK
FER/8
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Fig.1-2 The miniature compressor developed by Aspen

Tasu T—RagRERN : t 4
P 1-3 2R TT FBIL 2w AT A Al 28 s i L 1-4 Bt TP R A 3l 28 S i B
Fig.1-3 The miniature compressor developed by Fig.1-4 The miniature compressor developed by
TECO BIUT

TP & S 1 0 w1 | O G 1910585 P B s B S et A= 0 A B R - GV
AEHLIIBIEG], DT (0 R % S IR LA BUR . R T, ANE S i R AR
ARG, S50 % OAT MR IR AR LA ] Sk 5 T 7 58 3%

1.3 AXEEMHARBH. ABFAE
1.3.1 AR Bl

Pl B b TR 28 #0478 3 40 K FH AR (R EEBOR (B TE AU A AL T SR BB B
B ELIE S AR ZE Pt o 2R AR HFAEOR N I TR AS, D AREON AT K&
PIFERIIT ST, DA A E0RE . B SR EAT A ANAIR I, I RE A R R it
HRBDZE, XMERGEM R I 28 B LTS AR w22k, Fr LUk
PILHFR RGN N W] DU RN R IR R G TR

TIP3 (R A R G0 - R TR IR AR B RSV ks . SRS AT e &
LA, ALHIA RN A — H A T AR T R K R SRR 3%, PR
NS A AR AT R . ISR &I, Aspen Thermal Fl &5 4 7T FEAL
CERMAEAGNAZ OBART), FEoHR 5 ST, AT F A Aspen
Thermal W& FIPA S 4a LA B M IR R G, IFREE T I TR R G k-1
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&, WREGHEA RGTEREM LI, A R AGE RGEHRAT L S5

ERIT VA PR s AE 8 () R GE I B A RSy, B I — B AT
KV, AHSEEF X T R GRS A R I BB AT AT R R I SCHER, BT, fE
TN IERE b, ASSCHE T30 25 1) 0 e R G0 A I s A ek g 1R e v v
132 HIRAR

(1) %7 Aspen Thermal BF A PR R AibL, I EIA RS, &
PEREMASER &

(2) AT HIA RGBT, R RFHA RS AT &, MRFEH
AT TAEMESESS, BT TAREIK GREE. W), RHK GREE. ). R4l
P F R T R G R I 5 5

(3) A BB S LA BRI TR, G 6 R A
i ) RN TR AR AL B K AL E b, 73 B BT 6 5, BA S RST 24
L T HTIIABE S AE T, R RS 1) B 5 AR

(4) AL T ALHIA RGN, A AT PRI, 1981518 TAE R LUX
BB .

133 iR A&
K SLIG A ST RN B T AR 25 5 11 7 10 AN RGEHEAT 0 Mt 90
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% 2T AR ARG TS 6T

F2E WHESISARZGTR AR

2.1 WEBFDR RFERIRNZF S

2.1.1 BEES EEN TS

ZURGRHIA RG] 2-1 Pror. HA R CLID EZARBE TR (B
WD IR, ZRRTURE BB AR GG, TR A
P HLHE R TARE AN B, B AN e A0, AR o B THV Tt IRl
FB AL T SRICAEI, BRI AR, 1 i AR AR AL AR &
FRRENZE RS, OB R 3 R R I A, A (UL P A2,

4 s

PA

o i
wika X

"

f (e

B 2-1 28Ut 43U R a AR I B

. o K 2-2 BB HIA A
Fig.2-1 The principle diagram of

. . . Fig. 2-2 Theoretical cooling cycle
vapor-compression refrigeration

2.1.2 BERFRSEGHESIQBIREIRRYEREIRIR
IR B 78 TR A B v BEAR AR, S ARV AE — IR i R e — IRk

A, HARW AL IV AT

1) JolmZ= A, RV 77 174 e 5 55 v A BRI, v I 78K
Uk JEE ST AR EI A TR

2) il B IT A A N PR SR AL T 28 A 0 R IR Z8 T, BTV it s
I FRPARAS AL 72 e 0 AR .
3) Y FILE AR DL R s 4 T DAy ] 30 40 A g 258 LGS TR A e R
4) EABRIERREE S, BRI KRS .
5) e FIEZ A A ANV Tk WU BHIN AT s 08K
PR R AR A AU BRI P E BT b S B v L LA AR
Ry AR AT  RIA R,

il
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2.12.1 FA5HEHAZ
BRI kg HIATITEZER A 0 ABEA EN D)k b IR I s, TR R A7
i, W qoor. e HBIFIEE. HZE RS IR ERR, |
qo=h1—hs=h;—h; (2-1)
2122 BAEAREAE
CRORRAHUFEA Tm® BRI CRE BTG4 g
Y

qv=z—°=h';h“ (2-2)
GV S WRAS R HIAFIZE S AR, mi/kg.
vi A FIPE A ¢, HA2 728 Kk 10 MR K, 78 & i B BTG, vy (EHCK,
gy TEE N .
2123 #453h

AN R4 4 Tkg S FRIPTEFERILE, BRI, H wom. H
TR R A IR ANANEDD, RIAE R S D 5 IR AR BLI B D AR S ]
HHRA A RGN LS = Row, B

wo=ha—h (2-3)

wo IR/ S AR G, 5 EANLIEAG . (Deond/Pevap) K
AP
2.1.2.4 LB BBAZHFT

BRI kg HIAFILEA B IR A A HAN R EH g om . e nl FHIA 5
HE HA BRI ) LeAS 220K, |

0= hy—h3 (2-4)
2,125 HARHK
ERINEI AL A R H AL D2, A COP R,
cop=to 1=l
w, h,—h
2.1.3 BRFESELESL KRIREIR

AR TR e 4 S K AR ST SE B AR PR I AN AL BRI A A A BE - B
Je, AR ANER SRS, BV TR B s R I A KON AT BRI, RHOK
P T - K A I BT S i, AR BT sy, RIS Ve AR R
FCR B B3R K A A AE AN, A ARAT A PR 22 o LI IA IR AR
FAFMTS B ZE A AR A EBE N A UAR AR IR WA ZE S, AR A e iy
TV FRAE RE MK T RARZS AR L B A MR s BV 1A E R ST 3 A i sl

(2-5)
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% 2T AR ARG TS 6T

SR A MIEREE CEM RITE . AR N R R B B R )4 2k,
IF HAl 818 5 A FAFAE AT s GBI S B He il Rt A7 A0 AN AT 1451 2k
W F R TAT IA RS BRI 25 BEAS G A I S PP IR e g s T DL 2-3
TIRo m?wE%%%\ﬁf%%@ﬁ %u%vuﬁmﬁ%¢%mﬁ“iﬁm
THRIEA R 7, AR R LA T ER IR A B B 2 1 T .

=7

Ty

Bl 2-3 SRl ik
Fig. 2-3 Actual cooling cycle

4-0-1a KRHIAFITEZ LA T INZERSFE, BUNZ RS MRk, 2k
PR SRR I3 R e . tbsbh, IR FIHZE RS AE T (a),

la-1b-1 FKIRHIAFIL H 28R 8 G S - IRAR B I () s A 7
K 2-3 BB HAMRN RS (1a-1b) FIEEHBEEE (1b-1) PIFBo.

s 1 RN AR TG 4 I RS o 1-2 o R AaHL A ()56 B R 4 L 72
M2 ARRIRAEL TR . 2-2a FORRYEA T A EHA R HEAUE BIHEE
AN FEAEAE

2a-3 IV R v FE AU HE AU R ks th IR 20V B A%, B R A bl
FHHMSIE DGR ESRE, HRE T mRgiss — el CIRE A 3D,

3-4 FoR ARSI . BT IV R Z NI R I AR R, SR S
B, AT A AT, TR 3 AR 4 (LI AE A

T B 2R A A A S BR A IR, AR S ST RN 0T T v e s At
A AU AR B R BRI e . RS R R A T, A
ASAL AN LT L T SRR TR I EL « K 0 AN AR TR A7 A 5 DR o sz B
EEZNip- AP

XTI R GE, JLZER ATV B RN, SBAT I e = AR 9 R ) B
A LA s A HUARRR ANt T IRSORIE U AR AN T DA Al o] DAAN T
BERE N 25 490wt 125 BEAR G IR PR 3R A TV TRV AAR PR o ¥4 R A 7 2% ) i 4
2.1.3.1 AkitA

M 2-3 FTLLE Y, 2EBRS AR VA S MR AR L TR ARAS, TMifEsk

-11 -
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a1 RS AR T R A A AR R, VR R AR R I AR, I
HPRES 3 AL PRSI 22 AR )a, ARG R (h—hs),
CERTWREZE (hi—he) o PIE RZE 5 AR FE A 0% AR
B ORI BN T Che—hs)o JLHORZERILAE Chee—hs) / (—he) 3£
AN TV 5 RS (1 AL Jo B v R PR AR B i, 5 1 70 ) A A S AR 1
ERCKAT O o PRV B s DA AL v T 4 o DR A R 2 P B0 5 s 4
IHANAZ, P LAV 28 Bt R A v i 85 o

2.1.3.2 A& #

MABFIRZS INFAEPIRZS 1 IRl (P e 11078, DS A AL AR P i v
IO, BIIEA (hi—hge)o HITIEHG FOAR v 8900, P LU AR BRIV
Chi—hy) /vy ATRERS N, Rl RENAD o BEINT, S50 Hs 246 I FRLA7 i Al 7 B v
MIZh B3I . Prik, SIS0 I e N (0 e R BT wl Resion, Ay vl g

M FNZS TR T B AL S8 SRR 8 A, AT b 1
T P Aa LA o0 Ve BE A0, AEN T B b IR i blisiely, /D i Pt 2
i

2.2 MBS R Bkt
2.2.1 WHBEHIS RELEABRIE

Bl 2-4 2R IA RESEH & I FE K« SEI0 RS T ZALHE 2 AN IREE: KIR
EEAHNS FIIA R o SR R GRS AT IR v IR e LRIV & PRRE R,
W ATIEZE R AR KM (AR Ak KM AEIKD AN [RIRE KR EE (R 4541 R 1
FCHEN RGO -

TN ARG HHILEA RAGHL. 28R4 R ltds. POUIIKIR . w~ist. T
b yEds . fEEKAE. WETE TEMOKREA . TR KFE T R 28 Rk A Ak
A PR W B K KU, FH SRR AN [] ) F e
2.2.2 HIAFIRES

AL CHE A AL A RGCK ] R134a 1F 1A . R134a 2r 74l
CH,FCF;, 2 MG ke, 7R 102.0, J& HFC BUHA R & 2
-26.5°C, #E A - 110°C, JBFEsAal. eftEsS R12 ik, L. T
. TR ARBE. ABRIE. R134a AEEET, MRRREZNEBIRER
K H R134a /B4 HIAFI R R JE R134a TAEE K, AR TGS R
W, Ui, EEA RO, MR RGN K.

T R TAERER AR« 23007 I M IR 75 U B s R R A FvA TR N 26

-12 -



% 2T AR ARG TS 6T

Uik v s FRY TR AR B, 1 A8 AHE NV BB A v R IR LAV 7R 22 T i
e AT I IR S I 28 A s vh JOBTIR 280

o o
Kl 2-4 TRV 2R G0 SRR K]
Fig. 2-4 The experimental system of the miniature refrigeration system

223 WEBASRAFLELEETERERSH

FRIEIL AL T R GETAR ], X S T 2 WA AT T IR BN T, 2%
HZHIT .
2.23.1 HA RGN

S R G0 R AR WL AE A T8 o i N H D 4k 3 28R A o IR s
A T2, H v L s ) R B Jo R S 1m) v Bt i, AERF IV FIAEEEAN RGP 1)
TEIRGLB o ARSI R FH 1 FEAE ML FH 52 [ Aspen 28 7] A2 7= (1) 1 5 /N B 6 11 e 2
E4iHL, WK 1-2a . Lohdmbild Racm SEM, WE T — MR ES0
BUR SR ICHT AL, w LAY rLERE I, AT e 4 AT LA ] 3 T 3 5 DA 2
PRI EEK . 3K 2-1 24 Aspen T 1 IR AL VERE S 43R, 3K 2-2 4 Aspen Tl
RV R AL [FAT VL& R Aa LG LA

Aspen AT R4 HLEAT LRy A

D RN g, AR

2) AL A TIERR

3) TAENE S JoiRsh:

4) TR AREE, WORFFE£0.2°CZE.
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# 2-1 Aspen R 1 R4 ML RES 2L

Table 2-1 Pperformance parameters of Aspen miniature rotary compressor

HIAF]: R134a HAL: ol FLAL

HAH: 1.4CC. 1.9CC i 590g

JsF: 56mm (EHAE) X78mm (/) HJ: 1A~9.5A

HRUIE: -18°C~24°C HiJE: 20~28V. 12V. 24, 48V
AR : 27C ~71°C &I EGIRE: -30°C~60°C
SRR 130°C B 1800~6500RPM

X 2-2 [T

Table 2-2 The data compared with the other compressor

%o} Lb =35 Engel # 7Rl Hitachi VG ZERZEHL  Aspen #FxUR4E ML
B (mm) 166 195 78
HA/HK (mm) 85 HAE 204 56 HiE
i (co) 23 2.0 1.4
i (kg) 2.8 43 0.6

FE It 2.1-3.2 1.9~3.0 2.0~3.5
I (RPM) 2000 2000 3000~6000
BRRE (%) 57~79.3 58.1~73 73.2~90.5
LIRORIE (%) 40.6~59.5 43.2-56.5 44.1~70.3
T (W) 130.1~256.4 152~208.8 160.2~489.6
PERE R AL 3~5.7 2.6~3.7 2.1~7.4

2232 MXIEKE
ARSES BB Iers . X R W R M S e gy, HAMER A 190mm
X 70mm X 40mm. S WE 2-3,
% 2-3 WRAHPIESHL

Table 2-3 The performance parameters of plate heat exchanger

W R KB & B ). SUS316L EFRUEL: 99.99% 4l 4
e LAEE J): 3.0MPa MR 7 4.5MPa
e TARIRE: 300°C AR TR E: -195°C

AR A AR (1) 5 B AL

D R EEE . RS B SRS 2500~5000W/m” « K, #x
F Al LLAS] 7000W/m” « K, HeiF e e i 3~5 i 2) S5, HBUN,
HER: 3) ks 4 A5aih; 5 WA RREERED: 6 nHT/MEHRZE.
2.2.3.3 #AIEIKIR

KRG KA Danfoss TN2 06873347 RYINZHKIE . HT5L5 REM T&H

- 14 -



% 2% BMAERASZRAZR SR

Sb T AR AR IRPIRA T, B IZIK I LR AR 58 1) 90 [ P BB AR 9 1) E B
HEST .
2.2.3.4 f@idKAig

R T BERUAN R ) AR i ¢4 ARG 0T S0 SRS ME BRI 5 ), A SIS € i) 1 1E
KRG SIS RGEAE 2R A AN BEA 2R A T THD-0530L ZUE iR /KA. 1%
IKFEBUE A HEFR N 0.01°C, WRIEIEH-5~100°C, WIEH5)+£0.05°C, 78 30L.
2235 HHE A%

RGP R S MR AR S IR B . R AR B S Ak A A
WK 24V M E AR R YR At . JbAl, HAEHLIE T 2424 SV iRk
PP . R e F A e i KR, A T 0 s 2 R R A A AR
220V/50Hz [ & HiL .

223.6 Leg#t

(D) THRRLIERS o 22280 T UMY Ay BV AR [l b, PRI B v 1 e )
IRy FNZS I o

(2) BEMER. HEARSHINK 2-4,

*2-4 WIS REARSHER
Table 2-4 Technical data sheet of pump

Ih&. 120W HEHFE: 14m PH: 2
H25: 4uF e R E: 10L/min 4. 2800RPM
s 220V Hii: 0.72A JiZ. 50Hz

(3) Hl RGN FESR A RBEIE, FERTN 6 X 1mm, HAZEA
e Wl WY, PLEE, TR IR SR SR BRI IR, sl o
224 WEBLRARLIRENERFNIEEE

N T HER DU LR A RGBT R R B, 7R S50, ZL 0S40
VA TP B 5 B TR . TR Ty, 28R W EER /KMNEE oKL, 7K
M, RAPEFED) A . MR IR EISR, 2y e A I R A kA T
2.2.4.1 HABEREB B FA

SR R SR ] Agilent 34970A s K AR SCGHAT B (1) H R A BB AR S5
HBOE BB 3 FPRT SIS B IC IR, I HSEER AR v UL B IR AE AT Agilent
Bench Link Data Logger {1+, 7] LR EDULHI A Stripe Chart B -1 7 5% I OB I
6 2R 4 1A D o
2242 BEARBRRER

Ui P A R AR ] A G 1E) pt100 (AR LR, DRSS DY 0~300°C, Wl 8 22

-15 -
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H 015 IR4E A B S-S 5 ARIE g, fr 0~5V LR S 5, ARk g K A
24V Him BB

A FE BEL AR FH 400 A0 5 A B A i BEL AR i A7 A A 7 A ) A e R L
(1) o FHLBH )52 #0073 OB TCAT ) J2 F 4145 8 22 350 5) I G0 8 b i e 1)
B, A A R RS AR AR, BT INAS LR R BGR C A BT RS
A TE T . e A By R RS A e, MERERRE . LA PR Y
2 e o o
2243 ENERBERETESRE

& AL SRR FH HS101-G1COWN f&e%, #=FE K 0~2MPa (1) Ji1& I8 2%,
M EREEN 0.25%, RE 2R )18 2N E L) 200%, i 4mA~20mA HLE 5,
K H 250 Q BB IFIBE SR AR 4k 1V~5V (1) LA 5 3 A\ B R B4
2244 AEMERE

IKZ G EEK ] DMF-1-3-A/DX B 5 i - IR VA K ) i
&, BN 30~300kg/h, JUERE A +0.2% . A 51K (1) )5 37 B 8K ) DME-1B
A G E . B 0~100kg/h, RS A £0.2%.
2245 wyEnE

S0 T R i LT R PR D 23 SR FH 0 il s i LT s P A FL R ) g vk
Wi . SR 2 HB40X F B iR A HUE R . HB40X & AE I HU R R 1l &=
Rk +0.8%.
2.2.4.6 HEMKKXE

HLFFE, RIS HIA R i i, R +5g.

2.3 KE/N

AR E A TS RGN LA R, B2 RSy BB IR A 1k
REFRFR, JEOMT TSR FNBR I A 200 o BEVEIFEEE T L v R TS
8, I T BRI EE S
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% 3F MA L RGN ERAR

%3 E WAL RENRRTR

3.1 3|18

TS RGERH 1256 [ Aspen A2 B 7 IR 4 bl A BE o] 2 A
7RG o 35 A I Ve 2R Gl G 38 AT IR ARRUE PE W th /2 BATT o0 (1 B
mho BEAN, FADERE TIRAEARKEET L0 R, RGERHIARIER, HAETIFR X
NELKRR SN COP. JAlt, AREREAT T KEFREIIL, AT THe R M7
TER MR, AR AR Y R KRS At i, AP s AL i i s U 17
ARGUEAT LR SIS W T RGRENE. A5 81 SR s
FEHLIOBT RIS 7 Lot 2%

3.2 2T IEE M E L EREAIR N

VAR B 5 VA 1) AR BE 2 DIAR DG, REAE XS T Tofb i as 1) /N i
ARG, He R Ed 20l b, AR E R TAEMERE, s SR &
GBATIIZER IR ) VRl R Ty Yo ltas i LHRA R A 1 L 78k 8 th A 7k
W RGHIATERE R BEE S AL
3.2.1 #AFFEEMTE

H AR IYA 22 G874 77 78 78 B (0 V153007 ¥ 32 B S Y R EGE A 5
AR . ARG T BT HE R AL AR A Vo Bkds . T vE 2
WO . 2SI NZIC IR . DA il s i i m o, RGN v
FU TR ALFE ZE R AR WP ARIX . TSR v s IRARHL N A s v s Y
AL PRARDS S SV DX RV s ek D s P 8 710 LA R HlvA 70) 3 P v
AR . RGN HIA A ERE T

Lsup.evap
Mtolal = Mcomp + Mﬁlt + Mpipe + Mbiph,evap + -[0 pdV ( 3 1 )
Loup,cond Loup,cond )
+_[0 pdV + j . PAV + M i cona
Loiph
My, = [, [ap, +(1-a)p, J4dé (3-12)

A (3-1) ', FFr5 biphy sup. sub AMAREMAHX . oA X d#RX, T
Fr evap. cond. comp. filt M pipe 73 MARKZE KA Whtds. E4abl. oL yEds A
e REE. X (3-1la) F, 4 ZWIENEEA Lopy 2 IR o225
R, RN ST S AR AL, AR RS AR

M (3-1) B (3-1a) A, LEAERGTH S 28 A s RIvA Bkt v R 1A 77 i
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WA ST SEPIAR D L T 7% DXL S X R, [R] IRt 75 2 AP AR X R 25 i 4
IR S PR L R AR K, AEANX MO0 N, ARMERAF 48— 1A e
PRI A s WA S AT AR THEL AR AR K, RIS
FH DRI EEXS TS5 RS AR Ko 111 2% AR X (R B T A R S e 1,
e ARG SR HERR S RV TR se v O SRR AR . DA, RIS AR
ILH ARG BV 78 BAT IR KRS

ATOR ] BB SR S AL SR R &, RER e b R &%
F AR 20 LR 7 A A Ve AR S8 BRIV AR Fe v, A e A
FAAE IR 3-1 st BRI Fer 25 T I R0 AR O #5800 . 0 LA &
BRI A I TR R AN

R3-1 A RGO HIA T FEEE A D)

Table 3-1 Recommended values of refrigerant charge in refrigeration system

AR 7 E RSN AR o WA A
W28 ks 80% AR 100%
TR ZE KA 15% AR 15%
A Bk 40% DAt 20%
Tt pEas 100% WG A 30%

I, RGBSR KE A 128mm, SRR HE570 0 221mm, A
RSy 65mm, I NREA dmm; IR AEHUN 0.038L; MR T
AR 0.014m2, L 12 Fr, IAEE R 1.3mm. RGN ERTHE LRI % 3-2.
WA 3-1 IHA e A, 2T MK . FAihL LA A e v rh s i
AR TR, AR 7 A AN -

Mtotal = Mcond + Mﬁlt + Mpipe,gas + Mpipe,liq + Mevap
= pR134a (O'8Vevap + 0'4Vcond + 0'15Vpipe,gas + Vpipe,liq + O'8Vpipe,biph + V/ilt) (3'2)
=234g

A (3-2) H', Thr evap. cond. pipe,gas. pipe,liq. pipe,biph. filt 73 JfLE
RAR WA SRR WARE R A S, TR IES: Mow N RS
(A FLR FEE =, kg VISR, m’s o riasa ATHIA ] R134a (11571
HRE, AN 1200kg/m’ .

32 RENFERIEAE

Table 3-2 Calculated internal volume of the experimental system

AR WZAER(10°m’) AR HAR(10°m?)
A lkas 0.1092 WA B 0.006434
Y & 0.1092 S 0.01111
Tt g A 0.038 NI 1 ) 0.003267

- 18-



% 3F MA L RGN ERAR

WP (3-2) AR, RRGEMHEE I FEER N 234g. BRI AR
TREANEYERG, (HZIEas Rn] LUK & RGFEDLIY 78 RS K.

3.22 FEEMFISEREF A SSIIEF

R B 1 A P M 11 O == I RN O s R P RV I S
PEREMM o SIS 1) HIYA 7 8V ARG 120~250g, BHRISALE A 10g; %
e /KA AR EAE T E 3540.1°C, /K 89.4kg/h; 78 g KM E /K L 5 i
SELE 18+£0.1°C, /KLt M 139.0kg/h. Gl 48 HLAEAH N I SL56 T i M ReoEia
17 30min, FEREMMNFPRESE . BARESECREN AIFFLE 6min, REMF
H 3 s, BSEMIMEALA 6min I 1P . B 3-1 450 T iS4 250g
I, BRI LA SEUO TS Ol HIEITLUE H, SEIS DR, REREORIE IR A4k
P (A AR e 1k, T ORAIE SR 4 SR I )

60

A A DR v HAEHL DI
) o HEBUORE e BHKE MR
v v v v v v v v v v ¥

40 ¢ o ¢ e o o e + o o+ o

30F

WEE/C

' ' A ' ' ' & & & & &

0 L L 1 1 1
0 60 120 180 240 300 360

I 1] /s
I3-1 Fai i A 250g i RAE
Fig.3-1 The data at 250g refrigerant charge

333 FEAEBNERLE DTS EE DRI
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9.09%Inf, I EIR T 9.39%, 1M HAAHIFEDIZ3E N 1.21%, COP F#{I% 10.47%:;
MY 783 & A R R 9.09%H, Hla i N 20.50%, 1 E4AHLFED) %
F#AI% 3.22%, COP [#ik 17.86%. XUiH]: L R134a syt fENAHEL, Ak
R IIL DR, FRRERT R GE COP P2 AR K5, I H e i &k L
RY COP KA 2 . Bk, XA R EMBES /N RSE, s L rkge
MR K o

2 3-3 fHIAVERE S O A R AR

Table 3-3 Variation of performance parameters with refrigerant charge

AERA v Az FRAEHLI RS A2k 74 CoP 41k

-13.64% -26.30% -5.03% -22.40%
-9.09% -20.50% -3.22% -17.86%
-4.55% -5.68% -1.81% -3.94%
0.00% 0.00% 0.00% 0.00%
4.55% -2.32% -1.41% -0.92%
9.09% -9.39% 1.21% -10.47%
13.64% -13.11% 5.63% -17.75%
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AR, RGEMZERIET Wit E I WA U IRARHLIEFEDh 30 mvd AR
e AU

2 3-4 FRTE AL LR EAPE RS S B MU T

Table 3-4 Sensitivity comparison of performance parameters with refrigerant charge

Mg DO/W  Q/W  P/W  peg/bar  peng/bar £, /°C t /C (60) COP,

190 348 205 115 3.6 10.5 11.3 4.6 1.79 3.04
220 461 279 121 4.0 11.0 42 5.4 2.31 3.83
BLE0.25 0.27  0.05 0.10 0.05 -1.70 0.15 0.23 0.21

3.2.8 FEiEE XA ERER /N aE
T AR A B K HE KR FEIR SEAE 35+0.1°C, /Kt 89.4kg/h; ZK K #e/K
M3k AR TE 2 4 18£0.1°C, KRN 139.0kg/h 4515, W4 hnshlvA 77 76 v
i (120~250g) [SEIGHFF T, RIS 3ILL R 458
(1) MEENRGMN LA — N ERTE, fRENHRE GHlFE)
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Fig.3-10 The data at 45°C cooling water inlet
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Fig.3-18 The data at 48°C chilled water inlet
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Fig.3-24 The influence of chilled water inlet
temperature on heat output
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Fig.3-25 The influence of cooling water inlet temperature on compressor power
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Fig.3-28 The data at 5V compressor control voltage
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Fig.3-32 The influence of control voltage on Fig.3-33 The influence of control voltage on
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compressor power consumption of miniature
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X, =X, +0x, (3-5)

SEFIES 8 R=f(x,x, -, x,) HAHG BT DA% L3k

5R={jﬁ{@55&}zJ (3-6)

i=1 \ OX;

1

IS FH 158 22 3 B R 22 A s BV 6o AR ST S 6 504 (R AN 3 BE A BT
3.8.1 EENESHMAHEE

3.8.1.1 &AM E T

S R pt100 F4 B BH W S B2, WL 4 0°C~300°C, Wl & 22 4+0.15
‘C, PEPHRS S S | Agilent 34970A B RAESCK S, HORMIEZEN 0.2%.
S ) e /NI RE SR 18°C ik 5 Ay e KA K AN o D

§£=9§;+01m2=103%> (3-7)

38.12 MEAREMNERHZE

AR K RGBSR ) DMF-1-3-A/DX U Bk v & . Bl
30~300kg/h, MIEHREEE K £0.2%. H) ISRl P RN . &5 526N Agilent
34970A Hil RAEBCREE, HRERZEN 02%. . S/ E{E N 83.03kg/h,
IOk YL 1) B KA X AN o A
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q,, 83.0
A ENZK I e i = =K H DMF-1B By vl & 72 4 0~100kg/h,
M ERTEE N £0.2%. ) 2 Mk RS . W55 5% Agilent 34970A % ¥
KPR, HRERZENR 0.2%. /Nl EA e 85.67kg/h, it il fill &
[ B AN AN 5 FE A -

Oz = 100 20 40.2% = 0.43% (3-9)
q,, 85.67

3.8.1.3 /&AM ERH TS

JE IR IR K HS101-G1COWN fRlE&kas, RN 0~2Mpa [k J)4E K4
MEHRE LA 0.25%, o #He 7k 20 EFLET) 200%, MRS Fi% A Agilent 34970A
B RAEDBCRAE, HoR(EHRZEN 0.2%. /Nl J1{H A 0.2MPa Fk 5 (1) %
FKAHSS AN 2 H -

OP _ 2 L 025%+02%=2.7% (3-10)
p 02
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K H B2 HB40X e R AL 3% . HB40X & e Hi T 22 ks
BEh+0.8%. FiLL:

5—U=0.8%
U
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3.8.1.5 #AF ZIEF N T T
YA 700 e B R B R, HR KR Sg, Wl I /Nl
WA AN 40g. FTLL:
%§f=é%=1zs%

3.82 HIEMNEEMNZEAXTHEE

3.82.1 A% Q. HMAF OWRK R LS
HUEHIA R SEARE: 0 =que,ar, FFLL, LIRS RRIE A IR R A5

A
50 |54 (oY
0 _cp\/[ q,, j +( l‘j (3-11)
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3.8.2.2 EHBHI RN R KA
MR P B RN A I B PR AN o 58, T DAAS 381 H 4 A1 9 A D 28 00 8 1) ANl o
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3.9 KE/NGE
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FE k. BB TARLHN, MAHRA RERHA . AEEEGE . TRAAHURE
i v COP. fil#h COP, NS4, W 1~5. @ik iXmR%, vJLigH
LR &g

(D A FIZEE BRI HIA RGN RS IR K, f77E—/ Ntk R134a 78
W, B HIA RGHIA R OR. COP k. Mflszihst B, fEdkiad
IR EETE T R 35°C, 28R as /KM KM LT EAE 18°C, HedibLys il &
Hh 5V SR, AMBLHIA RGBT RAE AT R 220g, M B BOHIA
COP 4 231,

(2) 7 21~47°C iz [l N A=A E K KU BE R, Bl VA HIK N KR E R,
RGHR LT, B R, RAGHFEDIE N, R4 COP [FK. Uil, %
L B R T i R HPA IR 4 AL PR BE AR, A, VS PR R S 174 i
i

(3) 7E 18~52°C s [l Nt VA VR /K 3t 7K BE B, Bt A V4 R K N ZKRLEE 389
ARG LT, BN, RAGHFELIE N, RS COP Jhm. Uil, &
R T R R B A R AE ALk BE, NSRS R G M 728 RS DA G TR 4
HLPERE

(4) 18 1~5V JulE NS R gapLm i R s, B R 380, 4l
e, AR T m, R RGN, HANIHFEDIR N, R4
7% COP FEAIK. XYW, 7R RGEMHIAR BT R LT, NISEFEICE
AENLIFETR, — AR TS RZEN COP, 7—J 7, HEERIKELEILA S
PRI, YN R HRE) .

(5) TUBLHIA RG] LIAE 48h WELRRE B, R AEMHIA E 400W
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h,r

=55.62 W/(m*K) (4-9)

gend b vk S A ] 15 225 BOR AL AR L
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Fig.4-3 Thermal analysis model of double fin-tube radiator
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POV DXL AR« S X = AR 2 Ao BT LA RS 70 73 18 P AR XA
X A5

1) PAHX

FEEIFFEC ot dy, HASSAPHTTRE N -
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Ght (4-12) XA nl15
7rqm
I= 2 (4-13)
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2 4
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-49 -



R I KF T EMEFERL

BRITREA:

Lz%x lln L,=clb —lln Ly —c/b +tan”' éT]OJ—tan'l[éTu
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Fig.4-9 The temperature distribution along the fin width of the radiator in 10°C environment
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Table5-1 The parameters of main components of miniature heat pump system
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FEZE ALk AR — — 150
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PR sk B3-HK — 600 i
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Se7x 8250
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Fig.5-1 Miniature rotary compressor Fig.5-2 Miniature parallel-flow condenser
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Fig.5-3 Quick-release couplings

Fig.5—4 Miniature heat pump system
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Fig.5-5 The influence of different refrigerant
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Fig.5-6 The influence of different refrigerant

charge on evaporating temperature charge on refrigerating output
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iR MEH SRR EARRE REE T HEREIER

M 1 HIAE (W)
Table 1 Rerigerating output (W)

WHIKIREE/C | W/ V KR EC

20 25 30 35 20

P 139 197 277 308 372

3 200 250 EED) 375 444

= 4 280 314 370 428 513
5 307 339 393 453 533

2 135 183 255 294 368

3 186 229 301 359 435

50 4 242 308 365 420 493
5 277 336 390 447 519

2 133 164 223 294 376

s 3 169 217 277 359 443
4 21 291 333 420 503

5 263 335 377 447 538

2 17 161 205 276 352

0 3 163 210 247 335 31
4 229 272 309 403 439

5 256 328 333 437 528

2 100 143 174 233 350

s 3 154 202 218 290 419
4 194 263 275 361 477

5 154 289 307 396 511
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Bf 2 VkEas AR (W)
Table 2 Heat rejection of condenser (W)

WHUKIREE/C | R/ V KR C

20 25 30 35 20

2 269 289 331 324 327

s 3 348 360 407 201 409
4 437 433 460 478 478

5 469 462 492 508 296

2 262 285 300 308 313

3 336 349 376 393 392

30 4 405 426 444 471 462
5 439 459 436 508 498

2 226 255 243 281 303

3 291 328 354 377 396

3 4 363 413 430 450 470
5 207 464 474 493 511

2 225 239 239 278 279

0 3 292 316 304 361 376
4 360 394 388 449 451

5 390 454 21 487 503

2 188 217 204 224 262

s 3 263 303 284 316 373
4 382 386 368 404 449

5 263 21 398 447 475
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BYR 3 ISAEHLAED) (W)

Table 3 Compressor power consumption (W)

WHUKIREE/C | R/ V RUKIRE/C

20 25 30 35 20

2 FYR Y 32 35 31

s 3 53 54 54 29 43
4 76 7 75 78 75

5 83 83 81 89 79

2 29 45 a1 39 35

3 63 65 57 64 55

30 4 %0 81 84 89 75
5 99 93 % 102 93

2 57 52 50 54 50

3 75 75 79 78 71

3 4 97 97 99 105 92
5 108 106 103 119 106

2 64 62 59 66 53

0 3 86 87 77 93 86
4 114 13 105 116 99

5 122 122 17 132 119

2 76 73 86 85 80

s 3 97 98 14 12 108
4 126 125 138 141 123

5 133 138 136 149 128
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Table 4 Cooling COP
KR C | R v U R/ C
20 25 30 35 40
2 3.38 5.21 8.64 8.77 11.97
3 3.47 4.62 6.14 7.73 9.24
» 4 3.70 4.40 4.96 5.46 6.87
5 3.47 4.08 4.88 5.06 6.72
2 2.72 4.08 6.21 7.63 10.63
30 3 2.73 3.55 5.28 5.63 7.93
4 2.69 3.81 4.36 4.70 6.53
5 2.80 3.60 4.33 4.40 5.59
2 2.33 3.14 4.43 5.44 7.57
3 2.26 2.90 3.50 4.58 6.33
3 4 2.27 3.01 3.37 3.99 5.49
5 242 3.15 3.65 3.76 5.05
2 1.83 2.58 3.46 4.15 6.66
40 3 1.88 241 3.20 3.59 5.01
4 2.00 242 2.95 3.48 4.92
5 2.09 2.69 2.84 3.30 4.42
2 1.31 2.01 2.01 2.73 4.37
45 3 1.58 2.05 1.91 2.60 3.87
4 1.54 2.11 1.99 2.56 3.87
5 1.16 2.09 2.27 2.66 4.01
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Table 5 Heating COPy,

W HKILREC | LRV AR C
20 25 30 35 40
2 6.52 7.65 10.33 9.21 10.53
95 3 6.04 6.66 7.53 8.26 8.52
4 5.78 6.08 6.16 6.11 6.39
5 5.31 5.57 6.12 5.68 6.25
2 5.29 6.35 7.53 7.99 9.04
30 3 494 5.41 6.60 6.16 7.16
4 4.50 5.26 5.31 5.27 6.13
5 4.44 492 5.38 5.00 5.37
2 3.97 4.90 4.81 5.19 6.10
3 3.89 4.40 4.48 481 5.59
33 4 3.72 4.27 4.36 427 5.13
5 3.76 4.36 4.59 4.15 4.80
2 3.52 3.83 4.03 4.19 5.27
10 3 3.39 3.63 3.93 3.87 4.37
4 3.15 3.50 3.71 3.87 4.54
5 3.19 3.73 3.59 3.68 422
2 3.52 2.96 2.36 2.64 3.27
45 3 3.39 3.08 2.49 2.83 3.45
4 3.15 3.08 2.67 2.87 3.65
5 3.19 3.05 2.93 3.01 3.72
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