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ABSTRACT

The purpose of this research was to develop a mathematical model for selecting the working
fluids of the heat pump system for medium-temperature drying applications. In this study,
seven variables consisted of (1) Mass of refrigerant per unit heat output (MPH), (2) Vapor
volume flow rate, (3) Displacement volume, (4) Discharge pressure, (5) Discharge
temperature, (6) Pressure ratio, and (7) Coefficient of performance of heat pump (COR,. ).
These variables were used to compare 15 substances used in the heat pump systems. The
results showed that when the condenser temperature increased, the variables (1) to (6)
tended to increase with the difference in temperature and pressure. As for variable (7),
it tends to decrease with increasing temperature and pressure on the condenser. Moreover,
the results showed that when the environmental impact of both low ozone depletion potential
(ODP), low global warming potential (GWP), as well as safety (non-flammable and non-toxic)
of use is considered. R-1234ze(E) was found to be the most suitable substance because
it has the least impact on the environment and has a high COR,,, compared to other
substances. Then, followed by R-1234yf, R-1234ze(Z), R-1233zd(E), R-290, R-600, R-245ca,
R-245fa, and R-236fa, respectively.

KEYWORDS: Mathematical model, Heat pump and Working fluids
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(Condenser) LazNaIaAAINNAK (Expansion valve) u,am@?'agﬂﬁ 1 Taainann1Ivinauadd
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High-grade i

heat sink .o

2
T3 2s

Condenser

W

u
= .
g 2
5 g
© a
2 £
c
© Q
: . 1
(W)

4

Evaporator T] +
e i 4
< Working fluid /
hl Low-grade  Tycrpgvap® Heating medium _
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sUfi 1 sruuduanasewuuudnale (VCHP)
2ATNIINUNANUTEUVBILATDINIVUIY (Quyry ):

QCond = rﬁr (hz - h3) = (mcp )w (AT)Heatsin k (2)
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v

nuddasladn i luszuuduenasau (W, ):

WComp = QCond - QEvap = rT..|r (hz - hl) (3)
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138480 L8 (%)
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Inpl“: T.Eucr.p' TCond' RVCHP: QEuap- n(.‘omp.l'sen- SH' SC' ATemp
Y
v v
Condenser: Evaporator:
Ty = Teona — SC Ty = Tgpep + SH
Peong = f(TCond) P.Evap = f(TEmp)
hs = f(Tza PCond) hl = f(Tl- P.Eucr.p)
V 7 Sl = f(Tl-P.Euap)
Expansion valve: Vy = (T2 Proap)
hdrr = h3r *
$ Compressor:
Mass flow rate of the VCHP: §1= 5
’ hz; = f(SZ-PComp)
X QEvap h —h
m, = ———~ 2.5 1
(hy — hy) h, = T"‘M
my =My, =My =ty =m Comp
* . TZr‘ = f(hZJPComp)
v
Energy balance of the VCHP: 1
a QCO?:d = Tj’f?-(hz - hs) > MPH (hy — h3)
§ W(.‘omp = mr(hz - hl) Vipax = Vi
<
+
B~
W
-~
5
=

Teona =T + ATemp

;saJ‘ﬁz ARADUNITANWIMVDIUUUINADINIIAMAFITAS

- qm%gﬁmaam%aﬁwszmy (Tewp ) A8 50 °C (LﬁaauualﬁqmmﬁmaaLma'amw%’au
aananldaniedasininfaunssouusioniing uaz/mis anufowniafiannlssn
gamnnITy Ludu)

- awauasfunnueon fie 10 kW (Lﬂu@hauu@gnﬂunﬁﬁwmumaas:uuﬁumw%’au
Wiu sursnsasinzwaduaiiuseunld tesanlunuiseldlwauddn Ui

miﬁwmulmwuﬁﬁm’mmm:auﬁmmsnwﬁmqmwgﬁﬁﬁaulﬁﬁqmﬂgﬁﬁmmmuriauﬁ

azgndalulgnulunszuiunsenudald)
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- qm%gﬁmaam%aomuuﬂu (To,q) A8 60 fi9 80 °C (Lﬂumaqmﬁgﬁﬁ%ﬁ’mﬂﬁmu
%a“ﬁaaqm%gﬁ@?’aﬂmammsnﬁnmﬂi:qn@l‘l’ﬁmuvlﬁaﬂﬁmmnmwi@mawwﬂum:mums
DULAY ﬂi:ﬂauﬁ'ummina@@mmwmm%uﬁaqm‘mgﬁ‘ﬁ'ﬁmu@"lﬁl,fiaﬁﬂﬂlﬁmm%@)

- lifaenuduan (Pressure drop) Aitindulwea3asiszng uaziaasnuin

- Usshnsnwloamlnsdnvesniassale (Isentropic efficiency) fia 80%

- qm%gﬁmawaammlﬁuﬁam@ (Sub-cooling, SC) LLazqmﬁQﬁmadam'zz"la’s"auﬁdsrm
(Superheating, SH) fla 5°C

- guUavaIsIvNwluszuusridsanlysunsn REFPROP Mini 7.0 (Free License) [18]

]
v s o

-wpudraainadiasaainldgniaurszgnduimlaslillsunsy MATLAB
(Academic License)
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20-24]
Critical
Working Normal Boiling Critical Safety
ODP' | GWP? Pressure
Fluid Point (°C) Temperature (°C) Class®
(bar)

R-290 0 0 42.00 96.68 4.25 A3
R-236fa 0 9,810 -1.40 124.29 3.20 A1
R-245ca 0 693 25.00 174.42 3.93 -
R-245fa 0 820 15.10 154.01 3.65 B1

R-600 0 4.0 -0.50 152.00 38.00 A3
R-1234yf 0 <1 -26.00 94.70 33.80 A2L

R-1234ze(E) 0 <1 -19.00 109.40 36.40 A2L
R-1234ze(2) 0 <1 9.80 150.10 35.10 A2L
R-1233zd(E) ~0 45 17.90 166.50 36.20 A1

R-32 0 677 -51.91 78.11 57.82 A2L
R-410a 0 1,725 -51.62 71.34 49.01 Non
R-407c 0 1,520 -43.80 96.10 49.90 Non
R-404a 0 3,800 -46.50 72.10 37.40 A1
R-507a 0 3,900 -46.70 70.90 37.90 A1

R-502 0.221 | 4,500 -45.40 80.70 40.20 A1

WW18LAA:'ODP (Ozone Depletion Potential) Ad Arnsrnangtulalaunietuussennie (fn ODP axnnifisuny
g13vaudu R-11 3o CFC-11 Afldwwiny 1 snaaegnogu e R-502 1 ODP tinfiy 0.221 Ssnansany
F1 R-502 fenmsvhangduussenme winiu fagas 22.10 Wafiouiy R-11 Afdnsviansswussenna winiu
Tau8z 100

GWP (Global Warming Potential) fia finn138319n12z13a%n3z3n A1 GWP 9zgnifisuny
drasuanlaaontled (CO, AL 1 sndrad19iTn R-32 61 GWP winiy 677 Genansds Sansais
AMZIAUNTZANWINAL 677 Winwas CO,

33afety Class: No flame propagation (Vl,iie»‘m"l,wLmz"l,ajﬁmsammwial,ﬁaamnmmu"l,m Usznausmy A1
(@nuuRnen) uaz B1 (anuduings) Lower flammability (falWldszduihunag) dsznaudas A2l (anandu
w“milw) Higher flammability (é?m"l,wdwq@l) dyznavuaiy A3 (ﬂ'nmﬂuﬁmﬁlw)
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