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Capacity Modulation of a Heat Pump System by Changing the Composition
of Refrigerant Mixtures
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ABSTRACT: Experimental investigation and cycle simulation of a capacity modulation of a
heat pump system using a hydrofluorocarbon (HFC) refrigerant mixture, R32/134a as an
alternative to R22, have been done. In the cycle simulation, the refrigeration system was
operated by assigning the temperatures of the external heat transfer fluids with the heat
exchangers generalized by an average effective temperature difference. Heating capacity,
cooling capacity, and coefficient of performance (COP) of the system were investigated at
several operating conditions. Experimental apparatus which had a refrigeration part and a
composition changing part was built, and the performance of the heat pump system filled with
R32/134a mixture was investigated. A gas-liquid separator was used in the experiment to
change the composition by collecting the vapor and the liquid phase separately. The mass
fraction of the charged refrigerant in the heat pump system was 40/60 and 70/30 by weight
percentage. The composition of the refrigerant with initial composition of 40/60 varied from
29/71 to 41/59 in the refrigeration cycle. For the refrigerant with initial composition of 70/30,
the composition varied from 65/35 to 75/25.
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Fig. 1 Experimental setup for heat pump performance test.



Aol ARy g2 Az EAsHA €. 7]
% R329] Aol o Be& Wizt A4S

w7t &
AR AFN FE5H 7|49
AFIu@rE T3 WAd F Ade
2 AZE7] 10 A=, JldEer]e oA F
Aol Wole HFE7] 20 FHAT 2z
A2g7)e EHE dules AFLr] ot 2A
g W o ¥F A YiiE AH3d
HlEEEE wxiyzit 7142 ride A
A&3A k7] 98l ordE e SHE Jbd
gze AYIIH7E ARk F74EA
. B WHE A A4 ddde 44
300 cm’e] AW, ALY H4FHI offFe
7145 Aol WM FE37] A 45
EZ Z74 4dxsgd. F&3 Wi JEH
JtAzmZEaEIRZTE FHTF
Azge 2%, d, AFHF
gad 7IEAE AR

7o PuigEe

i Horie

L L

l7]

=
5
dAAE
g

[s]
his

Separator Expansion valve 1

From Condenser Outlet
Heater

Level gauge

Reservoir 2
— R134a rich

Reservoir 1 — R32 rich
(SUS316 300cc cylinder)

Expansion valve 2

Fig.2 Schematic diagram of a composition
changing part.

—

To Evaporator Inlet

4. EEH=
41 dg2HEA 9

Table 19 WWEzAdAM R3Y/134a £ vl
AR dsd g AFASCOoP)Y WEE

Fig. 3(a)ol Jehdisich A9 45y dxnE
H|Zo] Moz syl A$ AW &

E7E Q8 £5dud duc geo) FAE
AL & & Utk AsAlEH A R3Z/
134a8] A AEu7b oF 35/656 A A FHdA7t

45/55 RAFAA Hugkol

Hi, A5ddAMe

dojAle RE & F AUk £, $FLET R
52 Yoo F4HE AL AT F dwed,
BEO Fr|BRN F 49 2k 2EAIF FHo}
AFE Jl2x G734 8&d HIeA d9E
A e Astolth

g3, A¥Az2 e R HEH7t FUE
of Wt 5ol Wolxe A& ¢ F Ut FY

2xd A R32¢ Z3}gtEo] Rl3dakth & o,
ZdgtadlA R327F Rl34aRt} ulAAe] 2t
ol ZEgtzo] & Wnje Aol BE we
n A Fo] Espgto] e wmlel HEo] BE
W Boh BY AAFFl dis) BFKF] FL
e ofmsle, ol wah Wy g agol
z71sHA B 2y $U8Fe] duEridA
FdAagFS FrA7EE HEFL=AU o AR
+ YEE dldel Fdrh F Puieh 23 9
e=x7F AAok stw COPE #4sA €d. 2
g}, A5AME Wold @AY 1 A
GEAO] falstttm 7HAsR ] WE ol &
AL d&sx E3ATh AsHA oYz
Adxol, &5 R32 Wue &+

COPE 79| H&% Aoz s

e

i)

R134a Wnje
@t

Fig. 3(b)ol & ¥redAe] 23FH3FL ded
o}, A¥ A7z Re R329 ZEHIE FoMEST
Aol Aaste AL ¢ F Yo FLEE
oM E3gEo] Ri3dartt FdiHez =
R327t Hl5 e &7 duiHez don,
sdgdzAds E3kde] E2 RRY AL
Z7)= ¥3¢3o] ¥ & RiI3da #FEF712th ¥
HHe) &}y BLog $AFNE FFVIE FT
& A%, doiAAfFy dste 27 gvn 4

R
=
el
=
o
e



ool JEn) 24 S Gz 432 263

. N 3.8
e+ o 249 2 sidzdd o8 dwg T T ran = 40.0°C (Calculated)
719 2x 4% 9T 2xv nAFHS Y1, Y 36 | . T oain= 35:0°C (Calculated)
N o = 40-0°C (Experimented)
djete] HFEXE ZX] &L T o, ¢ 34 ] T::n:'in=35.o°c (Experimented)
7] 7 RExHALE A9 WHEs} gk F, v o 32l -
Aol #e R329 JRo BEFE AFHFe] § w "
"7}6}711 go. gitdez xgghge] 30 - -
.
e HEol BE AeE THYHe we ) 28 0...
o e B& uw RY FY AL s o6l ® v
AFEREFol Fet, ¥ 9 g o] FU} 24 | | | l
A dch 23 $HEmr gasd 4Ev]e "0.0 0.2 0.4 0.6 0.8 1.0
EE&f#Fo] ZrlskA Hz, 548 JE=9 1 Mass fraction of R32
WEE §X37] g8 BgdEe NEg 2714 (a) Coeffcient of performance
Aok #t}. &, §HLEY Zat AFFHY F 18.0
7HE fEEA 9 e T . =40.0°C (Calculated)
. w3 N o 'm=35.o°C (Calculated)
Fig. 3(c)olAe @i A2 #gel w @160 - ® T 40.0°C (Experimented)
& W83 WaE Jelhid o R329 A ) a BT =350°C Experimented)
7 EHE W dYsFl 3YE ¢+ A% § . A
o] R Fig. 3(b)9 Ao|re}l zo] R329 AE 3
F7 e wet AFHFo] F71E] wEelg b
8 12.0
42 HurEEAL] Ml L M5MY AR =
10.0
] 1 1 1
Gt s AdAY 7§ EXAE BEA F 0.0 02 0.4 0.6 0.8 1.0
A& i, R32/134a9] A Eu|dgle] i HEA Mass fraction of R32
g = AFEF WIE Fig. 4a)d e (b) Mass flow rate
o Gy A $F2Te FULEY X 5.0
o17} Z7] W&o YuEAAY A5 ASEAn 2 4.5 """"" T eondin = 40:0°C (Calculated)
- Q- T ' =35.0°C (Calculated)
A e, A¥EdgzRy ARy W3 ue a0l ° T:::::::=4D.O°C (Experimented)

AL WeEd we v 3R ARgAl 2 ' u Tmnd'in=3540°C(Experimented)
wWel 9% AsTee AT GeEe ¥ 35 |
& Ak o]RL EFYuE ALY w s 3.0

Q (kW)

AN dEve ETYdR A AFo) A ' 2.5
o, WAl Bk ooz AgfLo] Fol, 2.0
dXedsd Asst o =27 g el 15
A Fe W3 Fig. 4l Jehiioh ¢ 10 , | ) |
HEA M9 mAsIRE R32E A Eo] =% 0.0 0.2 0.4 06 0.8 1.0
FE AYg[FFo] TideE AL ¢ F Yok 2 Mass fraction of R32
U k& de vs) ANH ABHFL A (¢c) Cooling capacity
# Ae & 5 dedH, YEEdd ny Fu
Tt At g7 dF9 wAEFH o] Frsho Fig.3 Variation of system performance in a
AFHFE 2T heat pump system for different
Fig. 4(c)olA+ R329 AE¥Es g it composition of R32/134a mixture in
|9 WaE el R32 AR AT cooling experiment (Tevapin = 26.7T,

TE AFFFol Fotste] & Fe] Fobste Tevapout = 14.4C).



264 7Ad4 .
AE & F Ut

Fig. 3(a)% Fig. @9 AEAFE vl 2
W Aado exydoe] Yold4E HAdEA
#H7t A g AR Roixs HAE ¢
4 gltl £4 R329 Ri1¥Ma: EFLE7}F ES4
2 AAx A% (thermal conductivity)eh € 4tA
% (thermal diffusivity)?} &7ttt 2 dFolA

FHH B E xUde BARY
o] dAYEACl FAE Hoz AN, E
3 AgfFo] it dREAFIE HobAl
wel ge 2xydels Bo HeAsE =4
AR E ¢ F AH

A, iAo WelE e A 45T
A Axst didge A A=Y vl
S B £ ded, ot AFHFE R2sd €
wg7|NAM Egyele] fdH 7] EEA
7t A dxge AsA77] el Fig
3(b)et Fig. 4(b)e] FFHFHE wasdlxE 4%
Aol et Zol fAME AAE & F e,
22 E7 &5 E FAAol FUlet A &
52 waslyl dELS 448 + o @4,
Fig. 3(c)%} Fig. 4(c)& Hlmstd ¥edrde
$Eex9 Wy WE YIFEF ¥gE I
g, GEHAd FE2Es Wgd @
G g Wsy 2 g ¢ F A

Fule) dHE AEOA FARE T stHe
47 dyRsE FFAIA Rie Hod.
Aeadadary 387 €HZ FES A
R32/134a E£FW¥vlel deule AN HsATE
el 4060 A5t v AEe, $47] 44
Z oAz R329 geHlE HA= g F
0 §%L A=E FFde Aol uiEAHSH

R32/134a Yol & A &89S of HAT 84
7] W aERe 26~28 kW AToH, 347 ¢
WREs 21~27 kW A=Y & & Ut
AT 23 7A LEZRAEL VIFE2E Pdw
AL BEW, WrRsisr ok 2u] oAb

]

2TEE ¢ & Ut Y 2EToEE B
etz dig AP v -] oA,
HE & ol &ste 47 Jds ¥UFE A
Hu AsA+=HE
H 13~18 kW
o o]27] i@

e
3.0
--------- wapin™ 0.0°C (Calculated)
2.8 - = -8:3°C (Caloulated)
26 |- L] eva:m= 0.0°C (Experimented)
' | | evap'in= -8.3°C (Experimented)
24 '
5
22 | -
[$] B o® e
20 % o
18 |
1.6 . \j
| ] N
14 1 1 ] |
0.0 0.2 0.4 0.6 0.8 1.0
Mass fraction of R32
(a) Coefficient of performance
10.0
--------- svapin™ 0.0°C (Calculated)
9.0 Mp'in= -8.3°C (Calculated)
E 8.0 L [ J evap'in= 0.0°C (Experimented)
o ' ] evapvm= -8.3°C (Experimented)
e :
e
3
=
"
@
]
=
20 1 1 1 i
0.0 0.2 0.4 0.6 0.8 1.0
Mass fraction of R32
(b) Mass flow rate
4.0
--------- opin™ 0.0°C (Calculated)
3.5 Mp'in= -8.3°C (Calculated)
r ® evap‘ln= 0.0°C (Experimented)
3.0 n = .8.3°C (Experimented)

evap,in

0.8

0.4 0.6 1.0
Mass fraction of R32

(c) Heating capacity

Fig.4 Variation of system performance in a

heat pump system for different
composition of R32/134a mixture in
heating experiment {Tcondin 21.17C,

Tcond,out = 30.0C).



Eqyoie] 4 2L 59 IYL SF2A 265

Fig. 55 R32/134a £¥dYoiel 20CY o &
- Eu(P-x) AEolth Fig. 2914 EAE 33
WE ] ol o] dAFREY o)&H YHE
2 X8 u, 7|RE2 A R329 AGAE
HE 4zl @0 o de Axe 19 7H3A
=n, 12y oldE 72 Uexw A
ool R32 &8 E Xm©] ETh WHZE, ¥8 ¥
9 dHo] wTHAAMY YgHog KAHGH,
1B e v 92 £32 UE R329 714A
Eule Fdizt Db o) W Hd=E 09 7RAl
A9, 2gEo o 714 ¥vle R329 AHA
Bl Xoax/F 8 weld 2277 o]Fo &
dE o)AdHUA HEY Xead 24 6)3 o

o};, _JE

4 o

X min < Xigear = X max (6)

Xseparation s BAH E 2 FA A R32HEo] B2
A AR A7 QRS 3, Keysiem
& WEAtelERY E¥WU HEuHFn ﬁ}‘?‘i,
FH Yl R32/134a8] EF4EH7T 40604 7
of AgoMel JENSE HHE t5H QE}

0.4 < Xideal < (.58 (73)
0.31 < Xepurmion < 0.49 (7b)

‘E“j’]%]_ R32‘°’1 }\g_H\L‘H] 7}' a’2]‘—’H(}(sepamtion = 049)
o o, WEAxde R332 AT #HA(Xystem

1.50
[
L — O,
__ 130 Liquid Tm20¢
[\] L
o L
E 1.10 | max bubble pti A4
% Pmln
o 0.90 <
2 - dew pt.
a i Vapor
0.70 N
r X X X
0.50...('F"\...|"PX..1..1

0.0 0.2 0.4 0.6 0.8 1.0
Mass fraction of R32

Fig.5 Separation process in the separator at
T=207C.

= 035)7}‘ 3\;‘1‘:} XseparationO] é]-—)ll(Xseparznion = 031)
1 Xsysleme ﬂEH(Xsystem = 048)7}' %E}

Zd¥ule] R32/134a8 AHFAEH7F 70/30%
4, SEBH AT D83 Lo

0.55 < Xideal < 0.82 (83.)
0.60 < Xepmaton < 0.74 (8b)

o} %, Xseparation® # A G Kseparation = 0.60) 2

2 HIdH Xgstems H R XKystem = 0.75)7F =
31, Xseparation®)  F H (Xseparaion = 0.74) 7} HHA
Koystems H 22 (Xsystem = 0.65)7} 2=

Ao AFoA & F A% HYAA R
488 Hee oddd EdEAY o 50 %A
4t o e AFE7 1% AL 204
AEZE yohe AReloln. orlA oY
Est A4 ¥t Aot e A
Ast 00 126N Zz 7147 d3e
Z3e A9 BHHLE AY B 9
olc}, w3, ’é*ﬂ J &9 a7} o]FAXE #HA
Fetol WEAC)E R AE¥E AH5HoF W
5}7] WLl Fig. 59 AmRorel 2 o434
J BEIt o] FoAArlE gt "Ko] €93
A pHAA B o, slGEYr A B
< AgA oz 8 + Qo FHE 2
Ade Wuls FYPAAEIF otk AHA
ZIHER 7] W] FEHE FHG 1gA ©E7)
HaME e WY AEREE Jde &
oo st ZIGEAVNE dAHLER FAAT
71 &l X &HQ dFFo] o|FoX e AFA
Yol fEE €olede A o AREHE

ol PA wE

<!
-
L

o 510

o>

g E 2
AEHE wins] 2 o, ARAS g
o] Yehtz g& A
Hzdo] vt
Ao dol gl7] o . ¥,
Wy 1, 28 ol&3td WaEHAZ
Ak Az AdTe AYEE wF7| A
Ne YolFAFE ofgel sl 1 olF

Ao JRHEZARE o §3AG7) WBA LR 3

W7t AEuzdREs §999 9 =3 ot
ok o] e FE AlaY uRe g 2
e Yoty A2EyS nsrie g,



oy
(g,
o

266

6. 82

99 Z Headd ddd Yo, ¥ ATAA
R32/134a E&WY & AHE3tE FFE A2Y
s v FHdse W] §F
M2 g2 Yoo HRE z¥Fo2N &F
T@FAT
4 2 4¥dx2RE RPE ¥ £
3 FAE £ YA, RI2 A&
AzsM F7tstd A¥AFE €5 Ri3das At

g390e W Avng yWde O 4

o]

ZzA88

2 R32e) Aol F7hsE W 2 d
Fe Frhsgth FUF YRl e
A4 $FLEst GoldsE A5 PPeFol
FAIUD, $FEHY A% FLeEs 271
55 453 dEeTel FYHA
Hpulzd A9 YR e 293
Qd8d At Fasl Aestgen, 4

3} algrel AEul Aol E ol gl el F 9
=2 792 Y7E o gstgnh AFA 2 F

3k R32/134a8] A Eule AFAHENE 40/607%
70/3021 F 7FA ASE YT FqRG BF
Aol ZRoAN o= Yoo AERue A7
35/65~48/52¢F 65/35~75/257+A A gE gk A
Bujzdye 7jdegraa vese A4
o AZ=EE el HIFHFEYE 31/69~49/51
3 60/40~74/267+X] WAt ZAE eI E o
23 AEzFL 1Y vnd AFH e

o, JEuzde Wz £ JdENE F4
He doje f3%F £ 2 4F 5o o) H#E
F ASE ¢ F A
F 7l
B dAFfe ZSR(HAAIZMET-A-02), &
F 38 A (T AN 5:96-0200-12-01-3) 2 A&
ey AUZNALATEATEY XL o3
o] FojF on, old ZAL=TE.
pnzs
1. ARI, 1995, Alternative Refrigerants
Evaluation Program(AREP) Technical

=2
>

=
s
2L

Committee Meeting, January, Chicago, IL,
US.A.

2. Vineyard, E. A, and Sand, J. R., 1988,
Evaluation of nonazeotropic refrigerant
mixtures for capacity modulation,

DOE/ORNL Heat Pump Conf., pp. 47-54.

3. Lee, Y. T, Kim, Y. C, Kim, T. D, and
Jung, 1. H.,, 1999, Capacity modulation of an
inverter driven heat pump using R407C,
Proc. of the SAREK’99 Summer Annual
Conf., pp. 273-278.

4. Jakobs, R. and Kruse, H., 1979, The use of
non-azeotropic refrigerant mixtures in heat
pumps for energy saving, Int. J. of Refrig,
Vol. 2, No. 1, pp. 29-32.

5. Kim, M. S, Chang, S. D, and Ro, S. T,
1992, Experimental Study the
Performance of Heat Pump  Using
Refrigerant Mixture R22/R142b, Korean J.
Air-Cond. Ref. Eng., Vol. 4, pp. 33-47.

6. Schwind, H. O. H., 1960, Multiple fluid
refrigerating system, U. S. Patent 2938362.

7. Vakil, H. B. 1983, Means and method for
modulating and controlling the capacity of a

U S

on

vapor compression cycle device,
Patent 4384460.

8. Yoshida, Y., Suzuki, S., Mukai, Y., Nakatani,
K., and Fujiwara, K., 1989, Development of
rectifying circuit with mixed refrigerants,
Int. J. Refrig., Vol. 12, pp. 182-187.

9. Domanski, P. A. and McLinden, M. O., 1992,
A simplified cycle simulation model for the

performance rating of refrigerants and
refrigerant mixtures, Int. J. Refrig., Vol. 15,
pp. 81-88.

10. ASHRAE Standard 116-1983, 1983, Method
of testing for seasonal efficiency of unitary
air-conditioners and heat pump, ASHRAE.

11.Huber, M., Gallagher, J., McLinden M., and
Morrison, G., 1996, NIST, Thermodynamic
properties of refrigerants and refrigerant
mixtures database (REFPROP),
5.0, National Institute of Standards and
Technology, Gaithersburg, MD, U.S.A.

Version



