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Theoretical and Experimental Study on
Variable Composition Capacity
Regulation of A Heat Pump System

Using Refrigerant Mixtures
Hu Yongliang

(Institute of Refrigeration and Cryogenics, Zhejiang University, Hangzhou, 310027)
ABSTRACT

The variable composition capacity regulation can be defined as the regulation of
cooling capacity or heating capacity of the system by changing composition of the
mixture in the system according to characteristics of the zeotropic mixtures. Comparing
with other capacity regulation methods, it has a good modulation effect and can avoid
additional epergy consumption as well as many other problems such as compressor
sympathetic vibration, leakage etc. Therefore, it has a good future. This thesis
conquered the limitations of former systems with several new methods and made a
theoretically and experimentally study on the performances of a novel air source heat
pump system using refrigerant mixtures based on previous studies. The main research
contents are as follows:

1. The research history and present status of variable composition capacity
regulation systems at home and abroad were briefly reviewed. Based on the
conventional systems, the author proposed a novel system in which a variable
composition device is used in the low-pressure section of the cycle. It has a simple
structure and can easily be controlled.

2. Presenting a brief overview of recent advances in refrigerant mixtures on
capacily controllable residential heat pumps. According to the theoretical and
experimental results, the application of ternary refrigerant mixtures in
capacity-modulation heat pumps is firstly indicated, and the advantages of ternary
refrigerant mixtures over binary refrigerant mixtures are simply analyzed. Secondly, the
thermodynamic numerical simulation shows that the mixtures of R32/R125/R227ea.
R32/R143a/R227ea. R32/R143a/R134a and R32/R125/R134a are potential candidates.
The suitable mixture for variable capacity regulation is selected according to the
thermodynamic characteristics of the cycle, distillation characteristics and impacts on
environment. Finally, R32/R125/R134a is determined as the best mixture for further
research.

3. Comparing the difference of fractionation effects between simple separation
and rectifying column separation with binary and ternary refrigerant mixtures;
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Analyzing the refrigerant mass shifting with the change of operating composition of
system and clarifying the relationship between refrigerant mass and operating
compositions of this system.

4. The methods of decreasing the discharge temperature of a compressor by
improving system structures, adoption of new refrigerant mixtures and refrigerant
mid-stage mixing into compressor are analyzed. Artificial neural network (ANN) was
used to develop the model of capacity controllable heat pump system with suction
pressure as its control signal.

5. An experiment apparatus for this novel variable capacity heat pump system
with refrigerant mid-stage mixing was designed and set up. Experiments were
conducted on the operation performance of the system when R32/R134a and R22 were
used. The suction pressure was optimized by ANN based on experimental data and
optimized suction pressure was indicated. Then the experiments were made under
optimized suction pressure with different discharge temperatures. The results show that
the theoretical model is reliable and the novel variable capacity heat pump system is
practical. Refrigerant mid-stage mixing system could decrease the discharge
temperature effectively and expanded the operation conditions of capacity-modulation
system. Several problems in design and operation are also exposed. It gives a direction
in further developing of this system.

KEYWORDS : Mixed refrigerant; Variable composition; Mid-stage mixing; Optimization;
Artificial neural network; Air source heat pump
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-18°C, ABRE 50C, BESSHENSRAEEAE 46. 1T, ERIES Ot
MEAH11.1C, BIETEBHEERIMELHESER 23. 2en’/rev., HIAFM
L& e MATLAB B 1L 8 A REFPROPT. 0 S BErF i F R AR e 3, WAL
R FA L - A TR AR REERS T HE, T b
EHBITHH. HEERER4 1. 4.2, 4L3IFR,

F 4.1 RI2Z/R13Ma IR EER

KEREE/

- CcoP W/w T222K Q0 kl/m’® Pc2/Pa Pc2/Pa R134a | R32Z

2 3.0641 ) 1220.0473 | 361.1831 4387129 | 524000 | 2030000 | 0.66 | 0.34
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AL RHER C ¥t FIE REERTIEE RN
2 3.035 | I351.3174 | 365.3345 4808182 | 578000 | 2220000 | 0.56 | 0.44
2 3.0098 | 1479217 | 369.1296 5214672 | 630008 | 2400000 | 046 | 054
2 2,9936 | 1604.8845 | 372.5202 5.621355 | 682000 | 2570000 | 0.36 | 0.64
2 298 | 1726.6552 ; 375.6176 6.014492 [ 732000 | 2730000 | 0.26 | 0.74
) 2.8392 | 1164.2447 | 363.9999 3.90375 | 458000 | 2030000 | 0.66 | 0.34
-2 2.8144 | 1292.0998 | 368.5739 4289248 | 506000 | 2220000 | 0.56 | 0.44
2 2.1921 } 1416.7808 | 372.8046 4.660263 | 552000 ; 24000007 046 | 054
2 27721 | 1538.0978 | 376.7353 5.017539 | 596000 | 2570600 | 036 | 0.64
-2 27639 | 1659.294 | 380.175] 5.380554 | 642000 | 2730000 1 026 | 0.74
-4 2.7332 | 1131.8251 | 365.5329 3.667112 | 426000 | 2030000 | 0.66 | 0.34
-4 2.7133 | 1258.5315 | 370.2853 4.04165 | 472000 | 2220000 | 0.56 | 0.44
-4 2.6945 | 1382.0877 | 374.6983 4401553 | 516000 | 2400000 } 0.46 | 0.54
-4 2.6772 | 15023184 | 3788161 4.747568 | 558000 | 2570000 | 036 | 0.64
-4 2.6661 | 1620972 | 382.5487 5.094292 | 600000 | 2730000 | 0.26 | 0.74
-6 2.6419 | 1100.2586 | 366.9836 3458614 | 398000 | 2030000 | 0.66 | 034
-6 26196 | 1223.282 | 372.0255 3.80686 | 440000 | 2220000 | O.56 | 0.44
-6 2.5985 | 1343.2619 | 376.7435 4.140746 | 480000 | 2400000 | 046 | 0.54
-6 2.5838 | 1462.2586 | 381.0587 4.475324 ; 520000 | 2570000 | 0.36 | 0.64
-6 2.5746 | 1579.9388 | 3849856 481059 | 560000 | 2730000 ] 026 | 0.74
-8 25515 1 10654473 | 368.5532 3.248595 | 370000 | 2030000 | 066 | 034
-3 2.5327 | 1186.73% | 373.7894 3.585002 | 410000 | 22200001 056 | 044
-8 2.5142 | 1304.983 | 378.7089 3.906941 | 448000 | 2400000 | 0.46 | 0.54
-8 2.5014 | 1422.4812 | 383.2237 4.229581 | 486000 | 2570000 | 0.36 | 0.64
-8 2.4888 | 1536.5053 | 387.485 4.538544 | 522000 | 2730000 | 0.26 | 0.74
-10 2.4684 | 1029.9634 | 370.1348 3.052041 | 344000 | 2030000 | 0.66 | 0.34
-10 24467 | 11465108 | 375.7028 3.361243 | 380000 | 2220000 | 056 | 044
-10 24307 | 1262.8423 | 380.8359 3.671043 | 416000 | 24000001 046 | 034
-10 2.4197 1 1378.6625 | 385.5625 3.981559 1 452000 | 2570000} 036 | (.64
-1¢ 2.4128 | 1493.649 | 389.8972 4.2928 | 488000 | 2730000 | 026 ; 0.74
-12 2.3858 | 991.1566 | 371.8566 2.853816 | 318000 | 2030000 | 0.66 | 034
-12 2.3726 | 1108.3973 | 377.5024 3.165591 | 354000 | 2220000 | 0.56 | 0.44
-12 2.3582 | 1222.5212 | 382.8512 3.462713 | 388000 | 2400000 | 046 | 054
-12 2.3434 | 1333.4002 | 387.9482 3745706 | 420000 | 2570000 | 036 | 064
-12 2.3374 | 1446.6872 | 392.5019 4.044599 | 454000 ; 2730000 ! 026 | 0.4
-15 2278 | 934.845 | 374.3638 2.591702 | 284000 | 2030000 | 0.66 | 0.34
-15 2.2647 | 1046.6765 | 380.4161 2.876338 | 316000 ) 2220000 | 0.56 | 0.44
-15 2.2498 | 11553524 | 386.1977 3.146381 | 346000 | 2400000 | 046 | 0.54
~15 2,239 | 1264.1088 | 391.5781 3.417421 | 376000 | 2570000 | 036 | 064
-15 2,2316 | 1372.6563 | 396.5697 3.689444 | 406000 | 2730000 | 026 | 0.74
-18 21828 | 8792521 | 376.8743 2.357243 | 254000 | 2030000 | 0.66 | 034
| -8 2.168 | 984.6333 ; 383.3756 2613673 | 282000 | 2220000 ( 0.56 | 0.44
-18 2.1517 | 1086.7833 | 389.6388 2,85557 | 308000 | 2400000 | 0.46 | 0.54
-18 2.1441 | 1193.1295 | 395.3105 3.114007 | 336000 | 2570000 | 0.36 | 0.64
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[ 2.1348 | 1205.8233 | 400.7934 |

3358222 | 362000 | 2730000 | 026 [ 0.74 |

# 4.2 R32/R125/R134a HMBHIITELE R

HERRE
e CoP WIW T222/K QU k/im? Pe2/Pa Pc2/Pa | R134a | R125 | R32
2 3.0107 | 1253.4538 | 355.7737 4.429893 | 550000 | 2110000 | 0.52 | 0.23 | 0.25
2 2.9771 | 1364.0019 | 357.3252 4,763267 | 600000 | 2280000 | 0.42 | 0.28 | 0.3
2 2.947 | 1482.1942 | 358.6882 5.119977 | 654000 | 2460000 | 0.32 | 0.33 | 0.35
2 2.9204 | 1602.6636 | 359.6688 5481895 | 710000 | 2640000 | 0.22 | 0381 04
2 2.8961 | 1730.7438 | 360.4266 5.866233 | 770000 | 2830000 | 0.12 | 0.43 | 0.45
2 2.7844 | 1194.7593 | 358.0828 3.93053 | 480000 | 2110000 | 0.52 | 0.23 | 0.25
-2 2.7595 | 1303.6093 | 359.7513 4245671 | 526000 | 2280000 | 0.42 | 0.28 } 0.3
-2 2.7273 | 1416.7757 | 361.3505 4.557051 | 572000 | 2460000 | 0.32 | 0.33 | 0.35
-2 2.7041 | 15345231 | 362.483 4.888951 | 622000 | 2640000 | 0.22 | 0.38 | 0.4
-2 2.6836 | 1660.2108 | 363.366 5.244112 | 676000 | 2830000 | 0.12 | 0.43 | 0.45
-4 2.684 | 1162.6909 | 359.2675 3.700459 | 448000 | 2110000 | 0.52 | 0.23 | 0.25
-4 2.6568 | 1268.4191 | 361.0725 3.991829 | 490000 | 2280000 | 0.42 | 028 | 0.3
-4 2.6338 | 1382.3399 | 362.6556 4307864 | 536000 | 2460000 | 0.32 | 0.33 | 0.35
-4 2,6089 | 14972105 | 363.9105 4.617118 | 582000 | 2640000 | 0.22 | 0.38 | 0.4
-4 2.5874 | 16202751 | 364.8998 4.950355 | 632000 | 2830000 { 0.12 | 0.43 | 0.45
-6 2.5912 | 11293084 | 360.468 3.483534 | 418000 | 2110000 | 0.52 | 0.23 | 0.25
-6 2.567 | 1233.594 | 3623413 3.764841 | 458000 | 2280000 | 0.42 | 0.28 | 03
-6 2.5418 | 1344.0331 | 364.0618 4.057173 | 500000 | 2460000 | 0.32 10.33 | 0.35
-6 2.5199 | 1457.6922 | 365.3708 4357268 | 544000 | 2640000 | 0.22 } 0.38 | 0.4
-6 2.4972 | 1577.5875 | 366.478 4.668124 | 590000 | 2830000 | 0.12 | 0.43 | 0.45
-8 2.4996 | 1092.4398 | 361.7701 3.26524 { 388000 | 2110000 | 0.52 | 0.23 | 0.25
-8 24783 | 1195.1487 | 363.7137 3.536397 { 426000 | 2280000 | 0.42 | 028 | 03
-8 2456 | 1304.006 | 365.4977 3.818833 | 466000 | 2460000 | 0.32 | 0.33 035
-8 2.4368 | 14162948 | 366.8627 4.109447 | 508000 | 2640000 | 0.22 | 0.38 | 04
-8 2.4167 | 1534.8052 | 368.017 4.41102 | 552000 | 2830000 { 0.12 | 0.43 | 0.45
-10 2421 | 1057.4235 | 362.9946 3.074787 | 362000 { 2110000 | 0.52 | 0.23 | 0.25
-10 2.395%9 | 1155.5342 | 365.11 3.320725 | 396000 | 2280000 | 0.42 | 0.28 | 0.3
-10 2.3762 | 1262.6249 | 366.9604 3.59292 | 434000 | 2460000 | 0.32 | 0.33 [ 0.35
-10 23546 | 1370.7166 | 368.4773 3.859801 | 472000 | 2640000 | 0.22 | 0.38 ) 04
-10 2.3371 | 1487.7371 | 369.6785 4.152023 | 514000 | 2830000 ; 0.12 | 0.43 | 045
-12 2.3428 | 1019.309 | 364.3234 2.882999 | 336000 | 2110000 | 0.52 | 0.23 | 0.25
-12 2.3196 | 1115.1625 | 366.5255 3.117933 | 368000 | 2280000 | 0.42 | 0.28 | 0.3
-12 23018 | 1220.2787 | 368.446 3.379535 | 404000 | 2460000 | 0.32 } 0,33 ] 0.35
-12 2.2821 | 1326.387 | 370.0327 3.636157 | 440000 | 2640000 | 0.22 | G.38 | 0.4
-12 2.2665 | 1441.6827 | 371.2856 3.918476 | 480000 | 2830000 [ 0.12 | 0.43 | 0.45
-15 2.235 | 960.8791 | 366.3707 2.614856 | 300000 | 2110000 | 0.52 | 0.23 | 0.25
-15 2.2166 | 1054.5715 | 368.6546 2.840044 | 330000 | 2280000 | 042 | 0.28 | 0.3
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-15 2.1935 | 1151.2909 | 370.8659 3.063347 | 360000 | 2460000 | 0.32 | 0.33 | 0.35
-15 2.1786 | 1255.7084 | 3725059 3311361 | 394000 | 2640000 { 022 | 0.38 | 04
-15 2.1635 | 1366.4929 | 373.8962 3.571435 | 430000 | 2830000 | 0.12 | 0.43 | 0.45
-18 2.1392 902.734 | 368.4415 2.373655 | 268000 | 2110000 | 0.52 | 023 | 0.25
-18 2.119 | 990.2393 | 370.9456 2.573445 | 294000 | 2280000 [ 042 | 0.28 | 0.3
-18 2.1 1084.3009 | 373.2413 2786647 | 322000 | 2460000 | 032 [ 0.33 | 0.35
-18 2.0843 § 1183.1282 | 375.0658 3.01081 | 352000 | 2640000 | 0.22 | D38 04
-18 2.069 | 1288.5085 | 376.618 3.247732 | 384000 | 2830000 | 0.12 | 0.43 | 0.45
4.3 R22EHMERGIE LR
HEEEE T COP Wiw T222/K Qo Pe2/Pa Pc2/Pa
2 3.0947 | 1212.7248 365.1613 4388 531201 1942688
-2 2.8678 | 1165.1705 368.6173 3.929 466365 1942638
-4 2.7659 | 1138.2762 370.3339 3.7134 436281 1942688
-6 26706 | 1109.5873 372.1858 3.507 407689 1942688
-8 2.5814 1079.275 374.0794 3.309 380540 1942688
-12 24978 | 10475068 | 375.8971 3119 354786 1942688
-15 24191 1014,486 377.8841 2.938 330380 1942688
-18 22094 909.4572 384.0868 2442 264787 1942488

4.2.4 BBREMNERMLELER RS

A T RIS RGAE LIRS ) A S HIE S M R S8, B3| A
Pi%% (Artificial neural networks: ANN) SRACBRZMREMBGR, ATH
B M= ARG LRERERR BT ARARLURSE I AEHESHES
HEEFEIRAT T LA

4.2 4.1 HERKEFMIAC

HEMSNEALEIREARET. £WE LHHETEH RMIA, 4
MATEL N ESHE v 5T EHE, Sl HEEEREREREN

R

WERBHETREUT P REREY, IATREREMNENER. Ti@gi
HEAZRBERANBHHXR. MEMLEFEFE-MAR. B REEN—
MAHE. B4 108 42 P SHR—ADANTIHETAE SIS MKEE.
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WA EHMENTEEREEMN, K P HEE—FHiTRATHE
%, CEBREWNEE. kR BP BRI TR, T MEEMEE, &
TTRSERIET I — R UG R R R RN, BT BP HiEMM L M 4%IE T MR g k¥
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SSE=3lt,~o,f ©)
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AERASE S e, BRIERNASESD. BT, MERMKDLERSHE LN
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S5 ERHEEL, Mg AT, LB HBRN S, Hik, BT
428 ) 408 SRR R A BT, U R P AR AR R AL 3 I B AR B TR AR
SRR, HAT, EACSEREHSMSEEARENNE TR, B
R JUEX I A . Eofr, 1999 £, Swider F— MM
MR SRR AURSR S LR AT AR, RETEZE S%BIA™. 2004 4, Erol
PR LR AE B TIR A T R12/R22 A RIRCH . RAZERBADRE FHES
EFERREREEMN, ETMARRRSL. BRBADREMELES,
H 2 4 COP F1RE, 34+ BME A T LM.SCG A1 COP = Fi 2 SJ H kM logistic sigmoid
FEhEBERY., £R2FH, ET 0.9999, RMS %TF 0.006, RAMRENEERE
B,

AN R AR PR BP B ETRERETHINA . REFFTGEN,
SRS L R32/R134a R R32/R125/R134a, {14 DikHE R BEMERIR
RENMENRANE. EHRANERRET, BEEHNTEERB TIRS TR
MR AL, HP, BRBEEIRT 2. -2, -4, -6, -8, -10, -12. -15 FI-18
C, RRENIREER G RIERE. X T 2HRBRLERFARRES TRAMERE
HEBTEH, ROEETT COP. #HIHE. HHSEE. EEHEL. BE& THRR
MW EEHEARHE. ATREEIMEE, RIS MdEHAEER
MARRT T HSMNEER, BRMRES TRER 12 MR, REMIIGERE
IR RS TR, — MBS M. trainbr (A LM BESURAE) .
BEEANSBBEINENNRAITEE, —BRE 58 N2, BRERBERE
logistic sigmoid. FIFMMAREEHTLEAESKALMLE 0~1 ZH, &
BEAT LASR s VIR ARSI

EXE, RAMIETEIREEMNER, 3 R32/R134a 1 RI2/R125/R134a
SRR EAZRR 90 A %R, KA R 04 AR FNGMEREE, PR HATREIAMSE
HIVIRBR .

FAET MATLABG. 1 B M T RAGTTR THEIET. NS, R
BN RO ENTRE ZHMET NG MNER) . NHBRIRREEIR M
£, 2%\ SSE B M NZR LT = IRHE W 45 B ) A BRI TR B
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0.50896% 2.183 0312 -4.85 114,829 219 4.36 1.39
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