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' OPTIMAL PERFORMANCE OF THREE-HEAT-SOURCE
' HEAT PUMP

YaN Zisun OHEN JINCAN
(Xiamen Unjversity)

Abstract

In this paper, we investigate a class of threehheat—souroe heat pumps, in which
the-only irreversible process is heat conduction. It is shown that the endoreversible
three-heat-sturce heat pump i§ the most optimal one. Moreover, the relation between
the optimal coefficient of perfdi‘mance and the rate of heating is induced. Thus the
fundamental effect of thermal resistance on the optimal performance of a ‘three-heat-
source heat pump is expounded.The conclusions in thls paper are more realistic th:m
those in classical thermodynamios.

o p———




BTH Bl N OB ® ¥ ¥ i Vol. 7, No. 1
- 198941 H JOURNAL OF APPLIED SCIENCES January 1989-

%éﬁﬁﬁﬁﬁ &Eﬂif’%ﬁﬁﬁﬂ‘lﬁﬁ
hoEE

(RERERAKRE)

7 L

KSR T —HSEA T RA BB, 75 ROUEM SR R 5Tk,
IV PRI H R 3 AT 22 0% 2 BORIBLBUI M OB BT, b T Bt 35 1
TETE T SR AT SEOR R I ) e Sk U, 3 A ST PO A B AR 1,

il

a5

WK, malSNRNEXEERERETRANRE. SAN, Hadkam
REWBEON ORISR, EEUENMTT, RS BEEHETHENTHE
S BIBAEN b, RESBULE X 2R T &8 8BEX £ 85 R 45 584 i W, Vahldiok™
1 Beye™ Jii R4 (hybrid mode) 4474 Y T 7R F 88 I T 45 48 % ¥, Kitazawa"™'JH
Ritz-Galerkin ¥4 T 7R IR 8 B4 SH 4R A0 45 WA ok ROVAA B B M RBEH A
RESEEEFBAT, I THENaSREEEENER, (X%t EERXW
HRRRABRBATN, NFREMENER, BT ARHEMEREERED, SRR
L ARG L T R RO RS, B, 0 PR O M T e AR R A S
WM. B—J7HE, BEE TSR RN, B T Rk, R R A
AR RS AN b T R4S O R 5 LA MR B A7 VR O A IS, B R B REBE 2 —
. XMEENERER RGBT AL ERER. N, ALEIFRERT
RARENEE, X R0 8RR AT T 8, Mg HE M méﬂiﬁlﬁﬁm*ﬁ
LES

AXEXHEET — 2R, RITEERE R F A%, S Cohn™ 44714
B R BT B0 SR T RB L BTN A RS RS A, DIfEaRR SR F%sNE
2B REREREISRES, BTGNS E, ARETERB2, URkEaSe 8
BB AU BEAR. B ROF T 2 X BN RIS £2 88 45 @ SR AR A BRI, %
J7 S ARTETE B MBIy e TR A M R R BT B B Bl SR R, FRE ST B AA R
B A SR AR K.

1987 £4£12 H 2 HkH, 1988 4 3 A 19 H Uk & HH% #

BEXERARFESTHAE :
A EXRBBROHEAR R Electronics Letters, 18th June (1987)




B el 2OEIRE TS e W 7

R T R 7~

23 B R 5 o B 2 A 90 4 O AR RV IR AT B R PR O R, X 4 O
SR 2 MR P A RAR T P B0 S I T R R 1 iR ITER. B Yor, Yoa Ml Yoo
BB, 0 T HHATERIL, BB RS 0= e/ BT H—,

X H:

M1 ABKXERNRENSHEME

Yoi=Kui/(BK,), Yoa=K s/ (SK), ¥os=K .3/ (bK o)
R Ko, Koa fl Koo REREMRNEREYR, ZFHEHENRENR:
’ K, =jKoNe—1, Kpy=Kon 8:—8, , Ksa=K a1
Hp e.=(K./K,)* {Eﬁ'ﬁﬁﬁiﬁﬂgﬁ%{fr@#ﬁ, K, MAZRE e fipede. |
H B, REERBEEREREAELEUSS; BLNEERB SN REAAAELERHA,
'Bfl']—]' LARE Y Cohn 43l £e 40 #E i BT A i) — Kﬁﬂﬁ?ﬁ*ﬁ'm

N i, 2 . °° sin® nord

¢B. 2b 2p ey ~ 2p n=1 ( )n(nwﬁ)’
_au ) sin® nawd
£B 2b - s )+ 8 21) ,‘2 " n(nwd)?

4

a=w/K, P="~/8—a 6=S/b {-J-—”’l u=a8—8s V=alg—1
| Srt&nh'r,.-—s, 2,cothq, o
[1+ ) ] 7.
QOF‘I'Id'F,,i

o=y +tanh™ (

Fni




1% % RIS R £ O AT Wi RO AT 9

_ 20ndFyy _1( F, )
Gu—Srrmger + coth T

1 1
217 3 272
Akt K R E N
HTHREBABHE e wnmmﬁmﬁimamﬁéﬁcfﬂ
7+Y=0 @
i P RERMSTHSHE T AERENRASHY BB T—T HHER £
MBASH. BT LINA SRR AERAXRA. RIEAWTE D), WTRBAN
KM EHEHIER.

P T A7 Pk A R O 52 SR TR P S8 L L BT R e 5 4 B, 71 B
KR, B ERBIINL BRI %, B0k (speotral domain technigue) 4 11E
EMMGA, AR BB, SRR MAN R TALER BB AR a5
RREP LRI RS AR, 55, TS By B By MR ER B S H I
EBUENL RS, SORAK N T BT o M SO B T LA G M /1 (5=
/b UM B REE R, B By R By (932 DR BT, AT o SRHEAR. UL, 3RO
Y BN A A O AR A 234 “

Cohn % 7k [5] 8 th, S MI9E s W s<A./(4 V&), s<d 1 0<0.15 R, By B
FRBBGMRET 0.4%, BN B, (RIFXRMEG, Be W95 —ThRER,
B8 HRW B~ Bo-t By MBS KRR T 0.4% . 515b T G SR RA IR o: Lt 11 2%
KAMBRE, SHRBSHFROBHERE, CE—MEHHBERE M ROTERR
5 TBao 00— e B, Mok REYCHUA W IE LR IOVD, B, BB T8k
#s, Bo Rl B, SHFAAMMBEUTLAM:E. R AT 0 %R K Y. % 5<0.25mm, d>
0.05mm, $<0. mﬁz#‘ﬁm#ﬁ)‘cﬁ&ﬁﬁﬂ@ﬁﬁﬁm OB L L
WERKT 8%,

TR KR, T LR SRS #, R BT R %, BN
00 5 43 7 0, S o T B BB R B T R, DRI P I SRR T B, Bl
T AT E R SR MR R KRR, X BRFER,

B AR ST LR TAARGE

Zow
Zo=-2p= , @
o Zou 1 TR B S R 0 3 S T PR I F A6 4 BELED, BT LA K SR (6] o A % th 28

FER. BEUHGE, BHRREATRRELNO. 45&9$%H5, AT HHRREILR
B/A BB Zo E‘Y.&'Fitﬁﬁ{%ﬂi '

Z e =27 ges,0.45

B/A
0.46

4 N
RIEFRIH , ST — A REMAEMEE RGO R, MR NE



10

B R B %

Foit

7%

R, X A U0 6 R B BUR HEBEAT T H ., TSR UKZEN S B X B

LA BT,

K1GHT AMNaBREEE =0 A MBI s MIFHEHET Zo HARITER
BEROLE. R2EVUNABKEARBER ¢ BARFTRARY 6 HROLE. BHR
- WRAEV BRI, RTTUESE T B J7 ik m78 Bk

*1 ARRGE RSN AN &R FRFHERNLE
A4=3.099mm B=1.549mm d=0.05mm ¢,=3.0 ?=0.0 f=75GHz
$(mm) 0.05 0.10 0.15 0.20 0.25

.4 1.338 1.234 1.160 T3Pl 1.064

xI[7] , 1.82 1.22 1.14 1.08 1.05

AL _ 146.5 183.9 228.0 253.6 291.0

Zo(Q)
cRrarf| 148 185 230 256 292

B2 FIRRD MR T £ 8 2% 5 B O Eh
. A=T7.112mm B=3.556mm @=0.125mm s=0.15mm e;=3.0 Ff=40GHz

t(mm) A 0.0 0.035 1 0.10
: © kx 1.393 1.282 1.230 >
2q 8 5
x[3] 1.34 | 1.2 15 o &4

E 24 Tﬁﬂﬁﬂ%ﬁﬂfrﬁﬂ WX e FUBEIE § FIIETE s AEFLIER, E!Eﬁ]'ﬂ,
ﬂi‘—%ﬂﬂﬂﬁ s, BEE ¢ BN 6. WD T . ﬁﬁﬁﬁﬁﬁﬂﬁﬁ#ﬁ%ﬁ@ B@’Zm

* 300l . : i : 3
0.0 0.04 0.08 0.1z 0.16 0.20

Hmm)

B2 HUEEE o, T ¢ HANHS
a=3.099mm bH=1.5499mm d=0.05mm
#;=3.0) f=75GHz

1.10f

1.00 ] i L 1 L
0.0 0.04 0.08 0.12 0.16 0.2

#mm)

B8 WL o, RS ¢ HOB{LEIR

6=3.099mm b=1.549mm @=0.05mm
8=3.0 f=75GHz




N, s B ¢ BB ERE. TR ma: s B, mﬁmma&, BT L mmm
B AR B TR . B 3 RN fa 454% e BESEIE ¢ BOZSILM 2R, B AT s
R s M-S AN MEHRAMNE, RENERE o K ER-TARN 8 2 8 e,
B, XERAEHEELY, mwm&mm#&%&mmam&gsgﬁ*amt
BRI Ho A M B FIRB T

& 2 FIE 8 %W, ﬁﬁngﬁ%eﬁmﬁmmﬁﬂm\m, Tfﬁﬁ s AN, mwmt
A, DIBAMEEL A mE 2 BiR, ZEs=0.1mm fERT, ¢=0.1mm iE) e ¥k
#=0 FHRGWR/N 6%, IR s /B 0.0 mm M e, FH: £ =0 BHAG/N 11%. XA RS AR

i1 et 27 BOK AR A B R R

. FREBRERY.

m4ﬂm5ﬁﬂﬁ¢mﬂmuﬁ
BAHBRN BB e B KW
MLk, MBI R, WEL o MM

' o EARTIR, R R,
1.3y 15 ERESRR A T TEACH B % M
/" LR, LHRFAK-EZE, HRX

5 4 A TRA, XHERMEE
R SN AR WAL s HBERMK.

*720.030.0 40.050.0 60.0 70.0 so.of(g&{)) B 6 350 T 2 00 40 85 4 A B L

e BNEES e, BRRTHHE i Zo VHSEE ¢ FIREE s B9 flith R,

a=7.119mm »=3.556mm d=0.125mm S=0.1mm e=5.0 HETRE, ZBEE ¢ WEL Ts B X,

| Zof 11 ' Y v

—y “—ﬁ FEALY &
o B

1.40r

1.30+

ﬁl.log_.d.m——a———‘-———'-——*——‘—zs .
20. 970 50.0 60.0 70.0 80.0 90 borider: inw bt
| /iGH2) 8 ST P R R R NI X s(?ig
Bb WUEIER o, RTINS M6 RMEERNIGEEN Zo b ¢ RS
a=T7.112mm b=3.556 mm ,ﬁ;kuﬁ a—S 099 mm  b=1.549mm d=0.05mm
d=0.125mm f—7aGHz e:=3.0
§=0.1mm $: a=7.113mm b5=3.556mm d=0,254 mm

£e=3.0 f=35GHz e=2.22



12 BB % ER L, T

L

8e ﬂ/J\ Tﬁﬂﬁ!)‘(ﬁk[ﬁl G 16 AR, R Zo. diilk, B R (R FAA K LKL B
Zo WRBE s WIMATIR K, SB—07 T, WRMIE s BE, W ¢ @K, BR s HZBA, B
LHBRN2), Zo BB MK ER, BT Zo. WUAERK HEN ¢ KIMAT TR, BE Zo
BRUL ¢ WKW, B0, B/ R 4R 0 16 B R, DU R 7R S0 R R B B
B A 6 i R RIKR PR, B il m e R ¢, R—MUHERENTR. BA BMI%
FEEE s RN Y B A 55 BT 45 .
6 #1; ﬁgﬁﬁﬂ%ﬁﬁmﬁm%%%ﬁﬁjmm, LL f =75 GHz R i 8L o
#l, W s=0.1mm, M :=0.1mm FFE Zo et 1=0.0 BIR/NX 40 XK\, %4 ¢ W=
10.15mm B} Zo B/ 60 ZRKHE. R s E 0.06mm I EEECK G AL B 2 5
jC. &
SCe 4 i il 2R . R 1 B RS AR PRI R ZE AR HY ., SRR TR 4T
WL 337 2 e 7E 2R DK it SR o B X BT T AR RL I B

$ ®* x ®
[1]; Vahldiek, R., 1985 IEEE MTT International Microwave Symposium, Digest, pp. 143~144, June (1985)
[2] Beyer, A., IEEE Trans. MTT-29, No. 7, pp. 676~680, July (1981)
[3] Kitazawa, T., et al, IEEE Trans. MTT-82, No. 11, pp. 1484~1487, Novembar (1984)
[4] %®%35, MFH¥%R, 2, No. 10, pp. 135~141 (1983)
[5] Cohn, 8. B., IEEE Trans. MTT-17; No. 10, pp. 768~778, October (1969)
[6] Hopfer, 8., IRE Trans. MTT-8, No. 10, pp. 20~29,.October (1955)
[7] Hofmann, 8., 1977 IEEE MTT International Microwave Symposium, Digest, pp. 381~384

ANALYSIS OF THE PROPAGATION CHARACTERISTICS
FOR FINLINES WITH NARROW SLOTWIDTHS AND
THICK FINS

; XU SHANJIA -
(University of Science and Technology o f China) -

Abstract

In this paper, we prgsént an analytical method of the ‘propagation characteri-
stieg for the finlines with extremely narrow slotwidths, the effect of finr thickness
being taken into account also. The digpersion and impedance characteristios are ca—
Iculated by the present method for the unilateral and bilateral finlines. The numer—
ical anb;iyées show that the method avoids the convergence problems met with in
compubing ‘the finlines with exiremely narrow slotwidth by other numerical techni-
ques, and justify that this method possesses the advantages of rapidity, effectiveness
and simplicity.
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