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ABSTRACT

Due to increasing , global pollution in terms of air, water & soil, scientific community concentrating on development of new
alternative refrigerants which are safe for nature & eco friendly. Many researchers of around the world have made part of
accomplishments in the substitution of refrigerants, looking for the refrigerant option in low temperature circuit and high
temperature circuit of cascade system with zero ODP & low GWP value. That is the reason | consider refrigerants in my research
work with zero ozone depletion potential and low global warming potential. Natural refrigerants should be preferred for selecting
refrigerants in cascade refrigeration system due to its environment friendly nature. Successful design of cascade vapour refrigeration
system mainly depends upon the selection of refrigerants for both temperature circuits: high temperature circuit &low temperature
circuit. The goal of my research work is to analyze two distinctive cascade vapour refrigeration system utilizing two refrigerant sets
R41/R290 and R41/R600. Performances of cascade vapour refrigeration system using R41/R290 refrigerant pair & R41/R600
refrigerant pair are analyzed thermodynamically. A mathematical model used for this purpose.EES (ENGINEERING EQUATION
SOLVER) software is used for mathematical modeling. Performances of cascade vapour refrigeration system in terms of COP,
XrotaL, WrotaL & nex analyzed under various operating conditions like Teva, Tcon & TcasLtc Result shows that the Coefficient of
performance (COP) of refrigerant pair R41/R600 used in cascade vapour refrigeration system is higher compared to R41/R290
refrigerant pair operated at same working conditions.
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1. GENERAL

In our day to day life, we can’t imagine without refrigeration & air conditioning. Refrigeration & air conditioning make our daily
live more easily. It plays an important role in each sector of our daily life like to keep fresh vegetables, dairy products, eggs,
preservation of food items, formation of ice & ice cream, room air conditioning etc. It has also important role in medical
applications & industrial applications. Medical applications include blood storage, drugs and vaccine storage, preservation of organs
for transplant & blood tissues etc. These days due to COVID19 global pandemic, preservation of vaccines at very low temperature
required which is only possible by refrigeration system. Industrial applications of refrigeration & air conditioning are very vast. It’s
not only including product industry but also process industry. Power plants, pharmaceuticals companies, chemical industries are few
examples.

2. CASCADE VAPOUR REFRIGERATION SYSTEM

A cascade vapour refrigeration system having two circuits one is HTC & another is LTC. HTC stands for high temperature circuit &
LTC stands for low temperature circuit. Both circuits are operated with different temperatures & different refrigerants. A heat
exchanger connects the LTC & HTC side of cascade vapour refrigeration system. Two heat exchangers are used to connect LTC,
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MTC & HTC side of three stage cascade vapour refrigeration system. MTC stands for middle temperature circuit. LTC operates at
low evaporating temperature and produce refrigerating effect & HTC operates at high evaporating temperature. In two stage cascade
vapour refrigeration system, a heat exchanger employed as a cascade condenser. This cascade condenser works as an evaporator for
HTC & as a condenser for LTC. High temperature circuit wields refrigerants with higher boiling point & higher critical point and
low temperature circuit wields refrigerants with lower boiling point. Two or more than two VCRS create the cascade vapour
refrigeration system.

3. SELECTION CRITERIA FOR REFRIGERANTS IN CASCADE REFRIGERATION SYSTEM

Successful design of cascade vapour refrigeration system mainly depends upon the selection of refrigerants for both temperature
circuits: high temperature circuit &low temperature circuit. Following points should be considered for selecting the refrigerants in
Cascade Refrigeration System:

1.Due to increasing , global pollution in terms of air, water & soil, scientific community concentrating on development of new
alternative refrigerants which are safe for nature & eco friendly. These refrigerants having very low GWP (Global Warming
Potential) & zero ODP (Ozone Depletion Potential) [3]. Due to KYOTO PROTOCOL, MONTREAL PROTOCOL & KIGALI
AMENDEMENT reduction & phase out of refrigerants which are harmful for nature and reduce the emissions of green house
gases. This will help in protecting the environment [5]. Select the refrigerant pairs for cascade system with very low GWP & zero
ODP and environment protected.

2. Natural refrigerants should be preferred for selecting refrigerants in cascade refrigeration system due to its environment friendly
nature.

3.Boiling point ,critical point & freezing point are main properties of refrigerants which may be consider for selecting appropriate
refrigerants for cascade system. Low temperature circuit refrigerant should have low boiling point & low freezing point. Freezing
point of refrigerant should be less than the temperature to be attained. High temperature circuit refrigerant should have high boiling
temperature compared to low temperature circuit. Critical pressure & temperature of refrigerant should be high. Boiling point is
directly proportional to cooling required. It should be low as possible.

4. REVIEW OF PAST STUDIES:

BARIS YILMAZ Et al. (2020) [1] compared natural and synthetic refrigerants used in cascade refrigeration system at very low
temperature applications. Natural refrigerants used in this studied are R1270 —R170 & synthetic refrigerants used are R404 (A)-
R508 (B). He compared both refrigerant pairs in terms of their COP, environmental aspects & for finding out which one is better.

YI1JIAN HE Et al. (2020) [2] developed a cascade system which makes use of 45-60°C heat. He designs a two stage cascade
compression absorption system. In compression, R1234yf and R1234ze (E) refrigerants are selected & in absorption, LiBr/H,O
refrigerant pair is selected.

VICTOR ADEBAYO Et al. (2020) [3] compared four different refrigerant pairs for cascade system in respect of its COP, exergetic
efficiency, TEWI values. Four different refrigerant pair combinations are NH;-CO,, R134A-CO,, HFE7000-CO; and HFE7100-CO,

SHYAM AGARWAL Et al. (2020) [4] analyzed the cascade compression absorption three stage system. In absorption, LiBr—h,o0 is
selected and in compression, R1234yf is selected. Engineering equation solver software is used for thermodynamic analysis.

YOUSUF ALHENDAL Et al. (2020) [5] studied used for find out the best alternative refrigerant for automobile A.C. System
which one is eco friendly. This study help us to find out alternative of R134A.Three potential substitutes of R134A are
R152A,R1234YF and R1234ze(E).

5. NUMERICAL MODEL
This part manages the numerical modeling of two areas:
1. CASCADE VAPOUR REFRIGERATION SYSTEM (R41/R290 REFRIGERANT PAIR)

2. CASCADE VAPOUR REFRIGERATION SYSTEM (R41/R600 REFRIGERANT PAIR)

JETIR2103224 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 1827


http://www.jetir.org/

© 2021 JETIR March 2021, Volume 8, Issue 3 www.jetir.org (ISSN-2349-5162)

Cascade vapour refrigeration system is a combination of two vapour compression refrigeration systems (VCRS). A heat exchanger
connects both VCRS. In LTC (Low Temperature Circuit), R41 refrigerant utilized due to its low NBP. This refrigerant generates
desired cooling effect in proposed cascade system. In HTC (High Temperature Circuit), R290 refrigerant utilized which is used for
condensing the R41 of LTC.
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ElG.1 LINE DIAGRAM OF CASCADE VAPOUR REFRIGERATION SYSTEM (R41/R290 REFRIGERANT PAIR)

5.1.1. RESEARCH ASSUMPTIONS FOR CASCADE VAPOUR REFRIGERATION SYSTEM (R41/R290 REFRIGERANT
PAIR):

(2). All segments are thought to be a steady state steady flow measures. The adjustments in the potential and the kinetic energy of
the parts are not considered due to minor.

(2).Refrigerant used in cascade system assumes to be a saturated state at outlet of evaporator, condenser & heat exchanger.
(3).Compressor used in LTC of cascade system having isentropic compression. Isentropic efficiency of Compressor is 0.6.
(4).Expansion devices used in cascade system isenthalpic.
(5).1t is assumed that no heat added or rejected in framework parts of the system. Also pressure is assumed insignificant in system.
(6). Equilibrium state temperature & pressure are to= 26°C & po = 1.01325 bar.
(7). Temperature difference for cascade condenser is 4°C.
5.1.2. MASS EQUILIBRIUM & ENERGY EQUILIBRIUM:
Following relation is used for finding out the COP of refrigeration system:

COP = Qu/Wr

Where Q_ =Heat extract from cold body, Wr= Total work required on the refrigeration system
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TABLE 1: MASS & ENERGY EQUILIBRIUM EQUATIONS FOR R23/R290 CASCADE REFRIGERATION SYSTEM

ELEMENT MASS EQUILIBRIUM ENERGY EQUILIBRIUM
LTC Compressor M2=M1 WeomR41=M1*(h2s-h1)
HTC Compressor Me=Ms WeomR290=Ms*(hes-hs)

LTC throttling. Device Ms=M3 hs=hs
HTC throttling Device Ms=M7 hsg=h7
LTC Evaporator Mi=M,4 QevaR41=-M1*(h1-h4)
HTC Condenser M7=Ms QconR290= Ms*(h7-hs)
CHE Ma=Mz,Ms=Ms My*(ha-hz)=Ms*(hs-he)

6. NUMERIC EXPRESSION

(a). COP of low temperature circuit cascade vapour refrigeration system is given by:

COP ~ Qeva  (h,—h,)
¢ Wure  (h,—h)

(b). COP of high temperature circuit cascade vapour refrigeration system is given by:

coP. — Qeva  (hy—hy)
" Whre  (hy —hy)

(c). COP of overall cascade vapour refrigeration system is given by:

COPcascape = &

Lt + WhTe

COPR, ;. x COPHrc
1+COPR; +COP ;¢

COPCASCADE =

Where COP_1c - COP of low temperature circuit cascade vapour refrigeration system.
COPutc = COP of high temperature circuit cascade vapour refrigeration system.
(d). Mass Equilibrium
Yin M1. = Yout Mz

(e). Energy Equilibrium
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.Q' W:Zout MZ.hZ'Zin M'lhl

(f).Various relations are:
Evaporator Capacity
Qgva = Myrc *(hi-ha)
FORLTC:

has— hq
ha—hq

TLTCISEN =
FOR HTC:

hes— hs
he—hs

NHTCISEN =

FOR LTC, power of compressor is given by equation:
WLTC = ML’I.'C *(h-hy)
FOR HTC, power of compressor is given by equation:
WHTC = MH’}'C *(h-hy)

Actual work done for cascade vapour refrigeration system:

Wact= Wyre + Wire

Heat transfer in the cascade heat exchanger

Qcascape = Myrc *(ha-hs) = Myrc *(hs-he)

Condenser Heat dissipation

Qurc = Myrc *(he-hy)

EXERGY DESTRUCTION can be calculated by following relations:

(A). Excon= MprcTo(57-56) + Myzrc To(hs-hr)/ Teon

(B). Exgya = To[Myrc * (51-54) - Myre *(hi-ha)/Teva]

(C). EXyrc comp= M7 Tox (S2-51)

(D). Exyre Comp™— My Tox(Se-Ss)

(E)- ExLTC Expansion device — Ml:TCTO *(34'33)
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(F). EXurc expansion device™ Mpurc To (S8-57)

(G). EX¢ascade Heat Exchanger = 1o [My ¢ *(s3-52) + Myrc *(Ss-S6)]

Value of TOTAL EXERGY DESTRUCTION can be calculated by following relation:
Exrorar = Exyre comp T Exyre comp T Excon + Exyre Expansion device T

ExLTC Expansion device + ExCascade heat exchanger + ExEva

EXERGETIC EFFICIENCY can be calculated as following:

— Warc + Witc—EXTotal
WHTCc +WLTC

NEx

7. RESULTS & DISSCUSSION

Result of this analysis broadly classified into two sections:

1.PERFORMANCE OF CASCADE VAPOUR REFRIGERATION SYSTEM USING R41/R290 REFRIGERANT
COUPLE.

2.PERFORMANCE OF CASCADE VAPOUR REFRIGERATION SYSTEM USING R41/R600 REFRIGERANT
COUPLE.

2.1 IMPACT OF VARYING Teva ON COP

If Teva varying from -60° to -24°C .Other design parameters (constants) are taken as follows:

(1).Condenser temperature Teon=27°C

(2).Temperature difference in cascade heat exchanger AT =4°C

(3). Temperature of LTC side of cascade heat exchanger T casite= -7°C
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FIG2. IMPACT OF VARYING Teva ON COP
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2.2 IMPACT OF VARYING Tcon ON COP

Tcon varying from 27° to 45°C .Condenser temperature varying at a interval of 2°C.Other design parameters (constants) are taken as
follows:

(1).Evaporator temperature Teya=-60°C
(2).Temperature difference in cascade heat exchanger AT =4°C

(3).Temperature of LTC side of cascade heat exchanger T casite= -7°C
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FIG 3. IMPACT OF VARYING Tcon ON COP
2.3 IMPACT OF VARYING TcasLtc ON COP

TcasLte varying from -30° to -3°C .Temperature varying at a interval of 3°C.Other design parameters (constants) are taken as
follows:

(1).Evaporator temperature Tev,=-60°C
(2).Temperature difference in cascade heat exchanger AT =4°C

(3). Condenser temperature T¢n=27°C
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8. CONCLUSION

In my research work, a Numerical Model is prepared by the help of engineering equation solver software to estimate the
performance of cascade vapour refrigeration system for R41/R290 & R41/R600 refrigerant couples. Performance of cascade vapour
refrigeration system for both refrigerant couples are thermodynamically compared for finding out which pair is best one in terms of
performance. Performance of cascade vapour refrigeration system is express by COP. Important conclusions of my research work

are following:
(1).On the basis of thermodynamic investigation, performance of R41/R600 is better than R41/R290.

(2).Coefficient of performance (COP) of refrigerant pair R41/R600 is higher compared to R41/R290 refrigerant pair used in cascade

vapour refrigeration system.

(3). If the evaporator temperature Teva is increasing, the overall COP of cascade system is also increasing from 1.158 to 2.828 for
R41/R600 refrigerant pair & from 1.145 to 2.775 for R41/R290 pair.Both refrigerant pairs operating at same evaporator
temperature(-60° to -24°C).R41/R600 refrigerant couple shows better cofficient of performane compared to R41/R290 refrigerant

couple in cascade vapour refrigeration system.

(4). If the condenser temperature Tcon iS increasing, the overall COP of cascade system is decreasing from 1.145 to 0.965 for R
41/R290 refrigerant pair & from 1.158 to 0.9781 for R 41/R600 refrigerant pair.VValue of COP is slightly higher for R41/R600
refrigerant couple in cascade vapour refrigeration system compared to R41/R290 refrigerant couple ,operating at same condenser
temperature Tcon (27° to 45°C).

(5). If LTC side cascade condenser Tcasitc is increasing from -30° to -3°C , the overall COP of cascade system is decreasing for
both refrigerant couples. COP is decreasing from 1.209 to 1.122 for R41/R290 & from 1.238 to 1.132 for R41/R600.Maximum COP
is equal to 1.238 for R41/R600 & maximum COP is equal to 1.209 for R41/R290. Value of COP is slightly higher for R41/R600
refrigerant couple in cascade vapour refrigeration system compared to R41/R290 refrigerant couple ,operating at same TcasLtc.
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(6). As the evaporator temperature Teva increases, the refrigeration impact increments imperceptibly and the pressure ratio is
decreases.The necessary total compressor work Wrorar reduces essentially, subsequently the presentation of the cascade vapour
refrigeration system increments significantly.

(7).Total exergetic losses Xtorac less for R41/R290 refrigerant couple compared to R41/R600

refrigerant couple cascade vapour refrigeration system.

(8). R290 & R600 both are natural refrigerants & can be considering as eco friendly refrigerants make refrigerant pair with R41for

cascade vapour refrigeration system.
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