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Mass flow rate ratio analysis for optimal refrigerant charge of a R744 and R404A

cascade refrigeration system
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Abstract:  In this paper, the influences of several factors, such as subcooling, superheating degree, internal
heat exchanger efficiency, and etc. to the optimal amount of refrigerant charge are investigated for the case of
R744-R404A cascade refrigeration system. Refrigerants used in the cascade refrigeration system are R404A in
high temperature cycle and R744 in the low temperature cycle. The main results are summarized as follows :
The mass flow rate ratio decreases with increasing subcooling, superheating degree and internal heat exchanger
efficiency in the high temperature cycle, and evaporating temperature and compression efficiency in the low
temperature cycle. And the mass flow rate ratio decreases with decreasing temperature difference of cascade
heat exchanger and evaporating, condensing temperature in the high temperature cycle, and subcooling, super-
heating degree and internal heat exchanger efficiency in the low temperature cycle.
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Figure 1: Schematic diagram of R744-R404A cas-
cade refrigeration system
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Table 1: Energy and mass balance equation for each component of R744-R404A cascade refrigeration system

Cycle Component Energy Mass
Compressor(1—2) Whrioia.c =™ pioaa (h2 —hy ) /nR404A,cnR404A,m
High Condenser(2—3) Qrioit,con =M gaoaa o —hy) " Ri0A
Internal heat exchanger(3—4) Qriora, 1mx = pioaa(hs—hy) !
temperature -
| Expansion valve(4—5) hy = hsg =m3=my
cycle
Y Evaporator(5—6) Qpivi.e =M pugsa(hg—hs) =ms=mg
Internal heat exchanger(6—1) Qrioia, mrx = M paoan (hy —hg)
Compressor(11—12) Wetaa.e =M praa (hyg —hy, )/7711“.'744,c77m44,m
Low Condenser(12—13) Qprss,con =M raa (s —hyg) 1" R1aa
Internal heat exchanger(13—14) Qrras, x = M grrag (hyz — hyy) =my =My,
temperature 5
| Expansion valve(14—15) hyy = hyy =myz=myy
cycle
4 Evaporator(15—16) Qrrag,e =M prag (hyg—hys) =M= Mg
Internal heat exchanger(16—11) Qpraa, 11y = M praa (hyy = hyg)
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Table 2: Analysis conditions

Items Conditions
Tpaosa, cn 30, 35, 40, 45, 50 [C]
NRr1044, ¢ 0.5, 0.6, 0.7, 0.8, 0.9, 1.0
T RA0AA, THX 0.5, 0.6, 0.7, 0.8, 0.9, 1.0
AT puosa, sue 0, 5, 10, 15, 20 [TC]
AT s, sun 0, 5, 10, 15, 20 [TC]
T pioan,e -25, -20, -15, -10, -5 [C]

AT, 1,35 7 9I[C]

Ngrad, o 0.5, 0.6, 0.7, 0.8, 0.9, 1.0
Nraa, 1% 0.5, 0.6, 0.7, 0.8, 0.9, 1.0

AT s sue 0, 5, 10, 15, 20 [C]

AT rraa, sun 0, 5, 10, 15, 20 [C]
Thrasc -50, -45, =40, -35, -30 [C]
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Figure 2: Variation of mass flow rate ratio with re-
spect to cascade evaporating temperature, super-
heating and subcooling degree on R744 and R404A

cycle
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Figure 3: Variation of mass flow rate ratio with re-
spect to temperature of each heat exchanger and
temperature difference on cascade heat exchanger
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Figure 4: Variation of mass flow rate ratio with re-
spect to cascade evaporating temperature and effi-
ciency of internal heat exchanger on R404A cycle
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Figure 5: Variation of mass flow rate ratio with re-
spect to cascade evaporating temperature and effi-
ciency of internal heat exchanger on R744 cycle
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Figure 7: Variation of mass flow rate ratio with re-
spect to cascade evaporating temperature and effi-
ciency of compressor on R744 cycle
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Table 3: Statistical information for Equations (3)

Linear regression co- | .
. Linear regression co-
efficients for o
efficients for COP,,,,
(mR404A/ M pr44 )opt
Standard Standard
Value Value
error error
ap | 1.923 0.031 1.664 0.015
a | 0.008 0.006 -0.029 0.003
a | —-0.002 0.002 1.090 0.001
az | -0.576 0.002 0.056 0.001
as | 0.016 0.000 -0.020 0.000
as | -0.015 0.000 0.007 0.000
as | —0.004 0.000 -0.000 0.000
a; | —0.882 0.004 0.954 0.002
ag | 0.158 0.004 -0.028 0.002
ag | 0.009 0.000 0.007 0.000
awn| 0.004 0.000 0.000 0.000
air| —-0.027 0.000 0.030 0.000
Number of Number of
points(n)=63,060 points(n)=63,060
rms=0.0859 rms=0.0419
R’=87.3% R’=97.4%
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