International Journal of Research in Engineering and Innovation Vol-1, Issue-4 (2017), 167-178

International Journal of Research in Engineering and Innovation
(JREI)

journal home page: http://www.ijrei.com
ISSN (Online): 2456-6934

456-6934

Vol-1, Issue-4

N\ <&
JRE

=
==t

Thermodynamic performance of modified collin cryonic system using energy-
exergy analysis for liguefaction of helium gas

R. S. Mishra, Devendra Kumar

Department of Mechanical, Production & Industrial and Automobiles Engineering, Delhi Technological University, Delhi, India

Abstract

Cryogenics systems are which are capable of producing temperature below 150. In the Collin cryogenic systems, a detailed
thermodynamic second law analysis have not been reported in literature so far , however in the modification of Collin systems , the
yields of liquefied mass of gases is very limited available in literature so far. A comprehensive energy and exergy analysis of Collin
cryogenic systems for various gases is carried out in this paper by using various properties variables because cycle pressure ratio is very
important factor which highly effect the performance parameters of system .Choice of optimum Pressure Ratio PR increases the
overall efficiency of Collin cryogenic system. It was observed that the outlet temperature of compressor affect the performance
parameters of system. The second law efficiency decreasing with increasing compressor outlet temperature Similarly liquefaction
rate is decreasing with increase outlet temperature of compressor and optimum expander flow fraction 0.55 flow ratio and optimum
second law efficiency is 3.5 %, while first heat exchanger (HX1) shows highest rate of exergy destruction ranging from 36 % to 24
% with increase in temperature from 200 K to 400 K. The work done requirement is increases up to pressure ratio 13 and then it start
decreasing at a very fast rate with increase in pressure ratio of system. © 2017 ijrei.com. All rights reserved
Keywords: Thermodynamics Analysis, Collin Cryonic System, Energy-Exergy Analysis, First and second Law Analysis

1. Introduction
equipment for diagnosis of diseases. Cryogenic has got a great

Normally cryogenics systems are which are capable of role in chilled water storage system. The liquefy gases are store

producing temperature below -150. According to National
Institute of Standard and Technology Boulder, Colorado the
temperature of cryogenics is start below from -180 (93.15 K)
,This Temperature consider as the dividing line because
boiling point of permanent gases (helium, hydrogen, oxygen,
nitrogen and air like gases).Various process are design and
invent to achieve cryo temperature at different level of lower
temperature Cryogenics is used in various important process at
different level with different naming like cryobiology,
cryonics, cryo-electronics, cryotrons, cryosurgery etc.
Cryogenics is very crucial for aerospace application. This
technology is very critical for wind tunnel testing application.
High performance wind tunnel required rapid movement of
nitrogen gas around the aerodynamic circuit. Cryogenic is
required for Frozen Food Industries for preservation of food
item depending upon type of food item and whether they are
cooked or not before freezing. Cryogenic has got lot of
application in medical field. It is wildly used in MRI
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in special containers called Dewar flask. To transfer this liquid
from carrier to tank the pump which used are called cryogenics
transfer pumps. Cryogenic Process to liquefy air which is
further extent to extract various particular gases like oxygen,
nitrogen, etc. In this process liquefaction and purification of
Helium, Nitrogen gases are done. Also using this technique
production of inert gases is also be done. Today cryogenics
industries are a billionaire industry and lots of research is going
on to achieve best one improved process. Various analyses is
done to identify the loop hole of process and to rectify it to
their upper level.

2. Liquefaction of Helium
Cryogenic Technology is used for production of Gases for
industrial and commercial applications. The helium is the most

difficult of all gases to liquefy. At atmospheric pressure, it
boils at approximately -2690C. Its maximum inversion
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temperature is about -2340C. The helium was first liquefied by
Onnes H.K in the University of Leiden in 1908. It can be
liquefied by an arrangement similar to the hydrogen liquefier
where both liquid nitrogen and hydrogen are used for pre-
cooling. The disadvantages of hydrogen liquefaction system
include the higher cost and hazardous nature of liquid
hydrogen. Similarly helium may also be liquefied by using
Claude principle, where expanders are used for producing
refrigeration. Fig-1(a) shows a system developed by Dr. S.C.
Collins for liquefaction of helium. In this system, helium at a
pressure of approximately 12 atmospheres is supplied to the
liquefier by a four stage compressor. The part of helium is pre-
cooled by the liquid nitrogen. By using this combination of
heat exchangers and expander are shown in Fig-1(a) and T-S-
diagram is also shown in Fig-1(b) respectively .The high
pressure helium gas may be cooled to about -257°C. The
helium gas thus obtained is throttled to atmospheric pressure
to product liquid helium at -2690C. Dr. Collins is found that
for one such plant, a liquefaction rate of 25 to 32 liters per hour
may be obtained with a power requirement of 45kW. Various
research and different method are employed to increase
efficiency of cryo system. Second law efficiency are very low
in all system.
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Figure 1(a): Schematic of modified Collin cryonic system

3. Literature Review

Various research and different method are employed to
increase efficiency of cryo system. Exergy analysis is a strong
method to identified inefficiencies of system and tells which
part of system is critical and need to be undertake study. From
literature various data collected which help in optimization of
cryogenic system.

The Bejan [1] work is basis of all exergetic analysis of heat
exchangers. Various problems are studied related to exergy
analysis which are mentioning or summarized in [2], from the
vast study it noticed that most new methods differ only in the
way that entropy generation is non-dimensional [3]. A good
exergetic design of a heat exchanger would allow for an
increase in the global efficiency of the process, by defining a
thermodynamic cycle in which the exergetic losses would be
limited [4].

The major cause of exergy loss is the use of compressors and
to a lesser extent the use of turbines [5] H. Mahabadipour and
H. Ghaebi [6] carried out Thermodynamic (energy —exergy)
analysis of and comparison of two expander cycles used in
refrigeration system of olefin. Recep Yumrutas, Mehmet
Kunduz, Mehmet Kanoglu [7] also carried out Exergy analysis
of wvapor compression refrigeration systems. Gadhiraju
Venkatarathnam [8], carried out Simulation of cryogenic
processes and compared the performance s of the systems.
From literature it noticed that exergy efficiency depend upon
mainly upon the inlet condition of the system but which inlet
condition best suit for a particular type of the system that is
main work of research except to increase the whole system
efficiency stress are done on particular parts of system and
research are done on that systems. After reviewing literature it
conclude that every part of system has its own and equal
importance because ones effect on another whether it is small
or big create a lot of difference in proper analysis of system.
Ignoring one small system due less effect can put gap in
complete research analysis of system that why it quite
important take all parts of system as one and finding out the
every part impact on another to calculate right equation for
high output. Air separation unit and compressor, condenser and
evaporator of cryo system are the center of research because
most of exergy destruction takes place in these parts. Heat
exchanger and expansion valve, expander and other addition
parts should also properly analyze Advanced technologies are
used in very limited way and only on some of system such as
Collin cryonic system. Therefore following objectives of
present investigation are

(i) energy-exergy analysis of Collin cryogenic systems and to
find out optimum exergy destruction in individual component
and (ii) Suggestion for reducing exergy destruction losses in
whole systems and there components

In this analysis, the effects of pressure ratio and outlet
temperature of compressor on various energy- and exergy-
based performance parameters are investigated.
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4. Mathematical Analysis of Collin system

Fig: 1(b) show the schematic diagram of Collin system along
with and T-S diagram in Fig-1(b). The following numerical
values have been used for modeling of modified Collins
cryogenic system.

T
&
Figure 1(b: T-S Diagram of Collin system
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4.1 Control Vol except compressor

mx*hy, =Wy + Wy +
(m—mf)*h1+mf*hf

Wer = My * (h3 — hey)

Wey = Mgy * (hs — hez)

Edwel = (mel * To * (53 — Sel))
Edy,, = (mez * To x (85 — Sez))

m
=7
Y=
Compressor

Vchm*(Tz*(51_52)_(h1_h2))
Q =m=x* (hy — hy)
mx*Ty * (s, —s3) —

e (o)

Whee = W + Wey + W,

_ Wnet

=Z Work done per mass of gas

=T Work done per mass of liq gas

hy —h
cop:(—1 f)

net

he —hy) — T, -
Etaan%=<<(f 1) = To* (sf 51)*mf>*100>

Wnet
4.2 First Heat Exchanger( HX 1) analysis

TypeHX,s =" counterflow’
epsilonyy, = 0.85, Ty, =T5, Ty = Tp), Mpyy, =M
mCHxl =m-— mf, Tho = T3, Tci = T14,
Chizxs = Mhyxy * CPhot ruiay g,
Coppxs = Mepgy * CPcoldfruiay y,
qux1 = Chyy, * (Thi - Tho)
Gux1 = Ceyy, * (Tco - TCi)
g_.max_HX1 = C_min_HX1 *
(T_h_i — T_c_i)
epsilon_HX1 = q_HX1/q max.
TypeH X,
Ntu = HX( . ’ l)
HX1 epsilonyyy, Chyyys Copyyr NEU
Ntu_HX1 = (G_HX1)/C min.
Ex: = m (hz - h3) -
mxs T\ (To * (52— s3))
(h14- - hlS) -
E =(m—
Xoutyx1 (m mf) * ((TO % (514 _ 515))

Edyy, = ((ExinHX1) - (Exouth))
4.3 Second Heat Exchanger( HX_2) analysis

TypeHX,s =' counterflow’
epsilonyy, = 0.85

T3 * (m - mf) =Myq * Ty +
m—m_f—m_el)*T_12"
Mpyy, =M= Mgy

Meyx, =M — My

ChHXZ = Mpyx, * CphOtfluidez
Cepxa = Meyy, * CDcoldfpiay y,
Quxz = Cryy, * (T; — T4)
qux2 = CCsz * (T4 — Tr3)
g_max_HX2 = C_min_HX2 *

(T_3-T_13)
epsilon_HX2 = q_HX2/q max.

TypeHXys,
Ntu = HX( . ' ,)

Hx2 epsilonyyy, Chyyyr Copyyr NtU

Ntu_HX2 = (G_HX2)/C min.

HX(zh hy)

3~ Ig) —
Exip. .. = (m—
Xingxo (m —mg,) = ((To « (55— 54))>

(hyz — hyg) —
ExoutHXz = (m B mf) ) <(T0 * (513 - 514))>
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Edyx, = ((Exinyxz) - (Exoufoz))
4.4 Third Heat Exchanger ( HX_3) analysis

TypeHX35 =' counterflow’
epsilonyys; = 0.85

Mpyxs =M~ Mey

My s =M — Mp — Mgy
Chiixs = Mhyxs * CPhotfiiay s

C

cuxs = Menxs * CPeoldfiuiayy,
uxz = Cnyys * (T, —Ts)
Quxz = Ceyys * (T2 — Ti1)
qg_max_HX3 = C_min_HX3 *

(T_4-T_11)
epsilon_HX3 = q_HX3/q max.
TypeH X3,
Nt = HX( . ' /)
Urixs epsilonyys, Chyyyar Copysr NEU
Ntu_HX3 = (G_HX3)/C min.
HXEh hs)
_ _ 4~ Ns) —
Exi‘n.HXS - (m mel) * ((TO * (54 _ SS)))

(hy1 — hy2) — )
(To * (511 — 512))
Edyys = abs ((Exingys) — (EXoutpys))

ExoutHX3 = (m —my - mel) * (

4.5 Fourth Heat Exchanger( HX_4) analysis

TypeHX,s =' counterflow’
epsilonyy, = 0.85

Tio * (M —mp —Mgy) = My + Ty +
(m My — Meq — mez) * Ty

Mpyxy, = M — Mg — Mgy

Moy, =M — My — Mgy

Cth4 = Mpyx, * CphOffluide

C

cuxa = Mepxa * CPeoldfiyiayy,
Quxs = ChHX4 * (Ts — T)
quxs = CcHX4 * (T — Tho)
g_max_HX4 = C_min_HX4 *

(T_5 —T_10)
epsilon_HX4 = q_HX4/q max.
TypeHX s,
Ntu = HX( , ' ,>
HX4 epsilonyya, Chyyur Copyar NTU

Ntu_HX4 = (G_HX4)/C gl)gl

EXinyy, = (m —mg —mg,) *

((hs —he) — (To * (85 — 56)))
EXoutyy, = (m —my - mel) *

((hw —hy1) — (To * (s10 — 511)))
Edyx, = abs ((Exinam) - (Exoutym))

4.6 Fifth Heat Exchanger( HX_5) analysis

TypeHXss =' counterflow’
epsilonyys = 0.90

=5.192 [
= 5.146
=Cp(R$,T =Ts, P = P,)
CPeold pruiay s = Cp(R$,T=T;+1,P =P,)

= (m —Mey — mez)

kj ]

C . —_—
Dfluidp o kgK
Cpfluidcold

Cph'OtfluidHXS

Moty
77'1(101.“51”(5 = (m Mgy — Mep — mf)
CdOtths = Moty * Cpﬂuidhot
CdOtCHxs = Maoteyys * 0 fruidgory

Quxs = CdothHX5 * (Te — Ty)

Guxs = Caotcyy . * (To = Ty)
C_dot_min _HX5 = min(C_dot_h_HX5,
C_dot_c_HX5)

q_max_HX5 = C_dot_min _HX5 *
(T_6—-T_g)

epsilon_HX5 = q_HX5/q max.

TypeHXsg, epsilonyys,
NtuHXS = HX( 52 HXS

dothyys’ “d0tcyys
Ntu_HX5 = (G_HX5)/C_dot rgl)}gl

ExinHXS = (M —mg; —mgy) *
(Che = hy) = (To + (56 — 7))
ExoutHXS = (m Mgy — Mgy — mf) *
((hg = o) = (1o + (55— 2)))

Edyxs = abs (Exingys) = (EXoutyys))

,'Ntu'

"J-T Valve"
h7 = hg
X1 = 1

Exinvg_l = (M —mg —mygy) *
((h7 —ho) =Ty * (s7 — 50))
Exout,,al = (M — Mgy — Mey) *
((hs —ho) — Ty * (sg — 50))
Edyy = (ExinVal - Exoutval)
"Separator”
(M — Mgy —Mey) * hg = my * by +
(m_mel — Mgy _mf)*hg
mg = (m - mel - mez - mf)
/ ( My * Sg — ) .\ \

(mg +my) « sg
Edge, = abs| Ty * h h

Mg * Mg — My * Np

Ty
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Ed
Edcompy, = (ﬂ> * 100

EdHeSyS
= el ) %100
Wel% (EdHesys> *
W,
Edy, . = 2 ) %100
WeZ% (EdHesys> *
Ed
Edyx,% = ( X1 ) 100
EdHeSyS
Ed
Edyx,% = ( Hxz ) 100
EdHeSyS
Ed
Edyys% = ( ULE ) %100
EdHeSyS
Ed
Edyxa% = ( ”’”) 100
Edye,,,
Ed
Edyys% = ( HXS ) 100
EdHeSyS
Ed
Edyy% = ( val )* 100
EdHeSyS
Ed
Edge,% =< ahid ) 100
dHesys

EdHeSyS = Edcomp + E‘CIWE1 + EdWez
+EdHX1 + EdHXZ + Ede3 + Ede4
+Edyxs + Edyq + Edgep

Table 1: Variable Table (Collin System)

Variable Gas Variable | Variable
(@) (b) (c)
ho R$ Ty P,
hy R$ T, P,
h, R$ T, P,
So R$ Ty P,
S1 R$ T; Py
S, R$ h, P,
S3 R$ T, P,
h, R$ T3 P,
Sf R$ Xo P1
hf R$ Xo P1
Sg R$ X P,
hg R$ X P,
Tf R$ hs Py
Teq R$ S3 Py
heq R$ Te1 Py
Se1 R$ Teq hey
Teo R$ Ss P,
hez R$ Tor P,
Sez R$ Py hey

cp(hf)uxs R$ T, i
cp(cfux R$ Ty Py
Cmin - Chot HX1 Ccold HX1

cp(hf)uxz R$ T3 P,

cp(cf)uxz R$ T4 Py
Cmin R$ Chot?HXZ Ccold?HXZ

cp(hf)uxs R$ Ty liv)

cp(cf)nuxs R$ Ty3 Py
Cmin R$ Chot?HX3 Ccold?HX3

cp(hf)uxa R$ Te liv)

cp(cf)nxa R$ Triq Py
Cnin R$ Chot tixa | Ceotd_rixa

cp(hf)uxs R$ Ts P,

cp(cf)nuxs R$ Tio Py
Cmin R$ Chot?HX4- Ccold?HX4

h, R$ T, P,

Sy R$ T, P,

h, R$ T, P,

S5 R$ T, P,

Sy R$ T, P,

h, R$ T, P,

Ss R$ T P,

hs R$ T P,

Sg R$ hg P,

hq R$ Ty Py

S R$ Ty Py

hio R$ Tio Py

S10 R$ Tio by

hyy R$ Tiq by

S11 R$ Tiq by

hy, R$ Ty, by

S12 R$ Ty, it

his R$ Ti3 Py

S13 R$ Ti3 Py

hyiy R$ Ty i)

S14 R$ Ty i)

hys R$ Tis Py

S1s R$ Tis Py

5. Results and Discussions

A comprehensive exergy analysis and other analysis of Collin
system is carried out by using various different gases with
variable properties. Numerical computation is carried out to
find out mutually dependency and effect of various properties
on other properties and their involvement in exergy
destruction. In fig.2, the second law efficiency have maximum
value at pressure ratio (PR) 11 and beyond this it start
decreasing at very fast rate. COP of the system also decrease
with increase in PR of cycle but this decrement is marginal .On
entire PR range 5 to 29 the decrement in COP of system is
0.065 to 0.03 so the optimum pressure ratio (PR) is chosen on
the basis of highest second law efficiency that is pressure ratio
(PR) 11. Similarly, the specific heat of fluid in heat exchanger
highly influence the performance of system. Due to change in
pressure ratio the specific heat of fluid in different heat
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exchanger is effected which turn effect the performance of
system.
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Figure 2: Variation of COP and second law efficiency (%) versus
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Figure 3: Specific heat of heat exchangers versus cycle pressure
ratio
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In fig.3, the variation in specific heat of helium gas in different
heat exchanger is notice with respect to change in pressure
ratio (PR) of the system. From the graph analysis in observed
that specific heat in the low temperature heat exchanger (HX4,
HX5) are highly influenced by the change in the pressure ratio
of system. Lowest heat exchanger five (HX5) show the
variation in the specific heat change from 5.35 kJ/kg-K to 5.85
Kj/kg-K whereas for fourth heat exchanger (HX4) this change
is varies from 5.25 kJ/kg-K to 5.5 kj/kg-K over the cycle
pressure ratio range 5 to 29.The high temperature heat

exchanger (HX1, HX2, HX3) show very negligible change in
specific heat of helium with variation in cyclic pressure ratio
of system. From analysis, it observed that low temperature
heat exchangers are very crucial as per design consideration.
Number of transfer unit value help in design the heat

exchanger.
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Figure 5: Variation of Net work done and Liquefaction mass rate

versus cycle pressure ratio

Fig.4, illustrate the variation in NTU value of heat exchangers
with increase in pressure ratio of system. First heat exchanger
have the highest value of NTU. Its NTU value first decreases
from 8.4 to 7.6 over the PR 5 to 13 .but further increases in PR
NTU value of HX1 (First heat exchanger) is increases and it
varies from 7.6 to 8.8 up to PR 29.Work done per liquefaction
mass and liquefaction rate of system variation with cycle
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pressure ratio is shown in fig 5.Liquefaction rate of system is

NTU value of HX1 (First heat exchanger) is increases and it
varies from 7.6 to 8.8 up to PR 29.Work done per liquefaction
mass and liquefaction rate of system variation with cycle
pressure ratio is shown in fig 5.Liquefaction rate of system is
increases from 0.02 kg/s to 0.18 kg/s over PR range 6 to 28
when input mass flow rate of helium gas is taken as 1 kg/s.
The work done required to liquefy helium gas is very high due
to very low liquefaction temperature .The work done
requirement is increases up to PR 13 then it start decreasing at
a very fast rate with increase in PR of system. Above fig.6
shows exergy destruction (%) in every component of helium
liquefaction system with respect to change in pressure ratio.
The high temperature heat exchanger show highest rate of
destruction in system up 30% while compressor show second
highest exergy destruction varies from 15 % to 18 % for
pressure ratio range 5 to 29 but at PR 5 and 7 heat exchanger
five HX5 show more exergy destruction which gradually
decreases over increasing range of PR.

Expansion valve show least exergy destruction among all
component followed by separator 3% which gradually
decreases with increases in pressure ratio. Exergy destruction
in heat exchanger two (HX2) increases with increase in
pressure ratio in range of 6 % to 14 % .Heat exchanger four
also show decreasing trend of exergy destruction with increase
in pressure ratio (PR).

The outlet temperature of compressor affect the performance
parameters of system. Fig.7 show the variation in COP and
second law efficiency of system with increase in outlet
temperature of compressor. COP of system varied from
0.04445 to 0.453 over temperature increasing range of 200 K
to 400 K whereas second law efficiency continuously
decreasing from 10 % tol % over this temperature range of
compressor. COP of the system is minimum effect of
increasing temperature.

Therefore optimum temperature of system is decided by
second law efficiency. From graph it is depicted that lowest
temperature 200 K is desirable for Collin system and the
intersection point of both curve COP and second law efficiency
respectively is 270 K.

In fig.8 variation in the total work done required to liquefy
helium and liquefaction rate is measured with change in outlet
compressor temperature.

Liquefaction rate is varies from 0.35 kg/s to 01 kg/s, a
decreasing trend with increase in outlet temperature of
compressor.

The net work done is increases with increase in outlet
temperature and it varies from 225 kW to 455 kW for overall
compressor temperature. Variation in specific heat of helium

from 8.4 to 7.6 over the PR 5 to 13, but further increase in PR
in heat exchanger with respect to compressor outlet
temperature is shown in fig.9.

Low temperature heat exchanger HX5 and HX4 show
decreasing value of specific heat that is 5.6 kJ/kg-K to 5.4
kJ/kg-K (HX5) and 5.4 KJ/kg-K to 5.28 KJ/kg-K for (HX4) for
compressor outlet temperature increasing range 220 K to 400
K. Other heat exchanger HX3, HX2 and HX1 specific heat
variation is decreasing in nature with increasing compressor
temperature. The first heat exchanger (HX1) shows the
specific heat variation that 5.1.1 KJ/kg-K. For all heat
exchangers NTU value is increases with increase in outlet
temperature that is shown in fig.10.

It was observed that HX5 show highest increase in its NTU

value from 6.8 to 8.2 while HX1 and HX3 show 5.4 to 5.7 and
5.0 to 5.3 with outlet temperature range 200 K to 400 K. Heat
exchanger HX2 and HX4 show least value of NTU 2.7 which
almost constant for entire compressor temperature range. The
exergy destruction (%) of the system with respect to
compressor outlet temperature is depicted in fig.11.
From thermodynamic analysis it observed that first heat
exchanger (HX1) show highest rate of destruction ranging
from 36 % to 24 % with increase in temperature from 200 K to
400 K. heat exchanger five (HX5) show almost constant
exergy destruction 15 % at all considered range of temperature
of compressor. In compressor the exergy destruction up to 260
K is lower than the exergy destruction of HX5 and then in start
increasing again up to 24 % at 400 K .Valve how lowest and
destruction in valve is almost negligible because this valve
already work at a very low temperature.HX4 followed by
separator exergy destruction 4 % and 1 % respectively and
constant over considered pressure range.
The variation in expander flow fraction from compressor
effect the performance of the system. In Collin system two
expander are employed .Second expander ratio is kept constant
in one by three ratio with respect to first expander flow fraction
Figure 12 show the variation in COP and second law
efficiency (%) with increase in flow ratio of first expander.
From study in concluded that COP of system is decreases
0.0457 to 0.0446 with increase in flow ratio while second law
efficiency increases up to 0.55 and then it start decreasing with
increases in flow fraction. At 0.55 flow ratio the second law
efficiency is 3.5 %, so the optimum expander slow fraction for
first expander is 0.55. Variation in liquefaction rate with
respect first expander flow fraction is shown in fig. 13.
The liquefaction rate is increases with increase in flow fraction
up to 0.55 then it start decreasing further more increase in flow
fraction. At flow fraction 0.55 the highest liquefaction rate is
0.18 kg/s

173



Edest%

COP

R.S. Mishra et al/ International journal of research in engineering and innovation (IJREI), vol 1, issue 4 (2017), 167-178

40 T T T T T T T T T T T T T T T T T
a5k FSsd Edcompoe BEEEHEdpxios Ediixse M Ed %20,
R Edyixan B Eduxar, SO Edsepy, I By
30¢ P
e
b
25 bese
oo
b
20 e _ . - - ~ g
tele | e - - B ~H i ; i
STt g ) ' A
e * i ‘ i
15 el Bl | 1 _hecsdl _pesll | et - e - -l -
il !-\:.., 0 ] . — Lt - = i i 2
IH RO RS - RSB e " i - i
i [t el H - - - — L [ A
100 mEHar - W< mEHE BEEH HER [ H g ) R 5
:: | g}a: A% o E 4 ) I i ol t b >§ i
4 ! 3 M i I+ k ]
5 [l E\Eﬂ I : i :::
S s s s e
O :I Eﬁ: " :H::'h d§: " [ Cha® o ' e el "T‘v - : m ol t%h " ‘_ﬁ‘ % w
5 7 9 11 13 15 17 1 21 23 25 27 29
Cycle Pressure Ratio (P, /P;)
Figure 6: Variation of Exergy destruction (%) versus cycle pressure ratio
.44 -—+-—+—+—-——"-——""—7+7r 4 -+ ——rrr—r———————— 11
\ J1o0
- /,.zz" 9
0.0452 N T
= 8
_ = -=-COP |
0.045 ’,x'/ h2nd % S
L - 6 =
,,X‘ E
I 2 -7 5
0.0448 | < .
- \
[ ”/’ )\ 3
0.0446| . \\\ 2
%,’ )\()\( 1
0.0448 b e 0
200 220 240 260 280 300 320 340 360 380 400

T2(Compressor.outlet.Temp)(K)
Figure 7: Variation of COP and second law efficiency versus compressor outlet temperature

174



R.S. Mishra et al/ International journal of research in engineering and innovation (IJREI), vol 1, issue 4 (2017), 167-178

x 10°
""""""""""""""""""""""""""""""""""""" 0.8
450 s
X
x 0.7
400 S5 Lo
/,x”/ —= X = Whet 0.6
350 Sor S [
3 /,,x// =
—~ 300 o 0.5 ES’
= L //x/ =
2 X A
\_; 2505/, 0.4 g
3 P~ =
= 20| T~ 03 %
~_ S
150 ~
| ]\g\c 0.2
100 s
L \0\0\0\\_“4 0.1
50

200 220 240 260 280 300 320 340 360 380 400

T2(Compressor.out|et.Temp)(K)
Figure 8: Variation of Net work and liquefaction rate versus compressor outlet temperature

5.6 T L L e L T :
o ™ ]

g ~oo = =* = CPnhot, fluid HX1

5.55( " - —® = CPhot, fluid Hx2 ]

F ~o -_A-_Cp - ]

E Ry hot,fluid,HX3 ]

5.5 T~ =4 ~CPhot,fluidHX4 ]

: Tl - ¢ —=CPnhot, fluid HX5 3

— 5.45¢] el 1
X £ \"\n\_ ]
é) E \‘M_\ ]
v r s D ]
= 5'4&\_ T
- 5
T 5.35] e :
= C A ]
o C \'A\_\ .
r -A"\_ .

< 5.3: -A~h'—A.__- -
; B

5.25] §

£ AT —- A - — A - — 3

—— e e e o T e e il Ry SR S b

52»! _____ =__::!:::::’.::::!.':::!::::;:::::;;:===6:===6;;;=-‘

T2(Compressor.outlet.Temp)(K)
Figure 9: Variation of NTU of heat exchangers versus compressor outlet temperature

175



R.S. Mishra et al/ International journal of research in engineering and innovation (IJREI), vol 1, issue 4 (2017), 167-178

4
e

4

—eo—N tuHXl

—— NtUyxo
—— N1tUHx3

—>x—N1tUyxa
—+e— N1tUqxs5

S

e

/4
. /4}/4}
—_—
/0

Z,

Ay

2 4

8.1

7.2

6.3

54

NLN

O 360 380 400

34

300 320

280
T2(Com pressor.outlet. Tem p)( K)

Figure 10: Variation of NTU versus compressor outlet temperature

0O 240 260

22

200

FoT T T [T T T T[T T T [T T T [T T AT T T[T T T T T T[T T T T[T T T I T T [TI T T T T[T T T T T

B Edpyxsoe
S Edsepos
RIS Edy a0

HX3%

S Ed
P2 Edhixage

idﬂdﬁqaaq<wqqqqq<4«1<1<<‘
Ry 2 :
T ;
RN A N,

e L

m Edcomp,%

)

S
elelelelels

r#'it"ii##fﬁt_"iﬁ.
e

B b b bsssnns b by b bessssas b ns i i i

O O N 00 ¥ O © N W <« O
< O MO N NN o+ -

Hxvx_.__um

220 240 260 280 300 320 340 360 380 400

200

T2(C0mpressor.outlet.Temp)(K)

Figure 11: Exergy destruction (%) versus compressor outlet temperature

176



COP

Liquefaction rate (my)(kg/s)

R.S. Mishra et al/ International journal of research in engineering and innovation (IJREI), vol 1, issue 4 (2017), 167-178

0.046 3.5
0.0458 3
——h2nd %
0.0456
2.5
0.0454 3
X
2 3
0.0452 <
—COP
1.5
0.045
0.0448 1
0.0446 L— ' ' ' ' ' ' ' ' —10.5
04 042 044 046 048 05 052 054 056 058 0.6
First expander flow ratio (rl)
Figure 12: COP and second law efficiency (%) with respect to first expander flow ratio (rl)
0.2 : : : : : : :
C /,”/”” ————— ms T
0.16[ .
0.12F :
o.o8f 7 ]
0.04 :-/ s
O L 1 . 1 . 1 . L
0.4 0.45 0.5 0.55 0.6

First expander flow ratio (rl)
Figure 13: Liquefaction rate versus first expander flow ratio.

177



6.

R.S. Mishra et al/ International journal of research in engineering and innovation (IJREI), vol 1, issue 4 (2017), 167-178

Conclusions and Recommendations

The following conclusion have been drawn from present
investigations.

1.

The liquefaction rate is increases with increase in flow
fraction to 0.55 then it start decreasing further more
increase in flow fraction.

At flow fraction0.55 the highest liquefaction rate is 0.18
ka/s.

First law efficiency in terms of COP of system is decreases
0.0457 to 0.0446 with increase in flow ratio while second
law efficiency increases up to 0.55 and then it start
decreasing with increases in flow fraction.

First heat exchanger (HX1) shows highest rate of exergy
destruction ranging from 36 % to 24 % with increase in
temperature from 200 K to 400 K.

The specific heat variations in all heat exchangers are
decreasing in with increasing compressor temperature.
All heat exchangers NTU value is increases with increase
in outlet temperature and fifth heat exchanger ( HX5)
shows highest increase in its NTU value from 6.8 to 8.2
while for other heat exchangers, NTU is remains constant.
Liquefaction rate is decreasing with increase outlet
temperature of compressor.

The high temperature heat exchanger show highest rate of
destruction in system up 30% while compressor shows
second highest exergy destruction varies from 15 % to 18
% for pressure ratio range 5 to 29 while exergy destruction
in the second heat exchanger (HX2) increases with
increase in pressure ratio.
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