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The exact modeling of the fast-fill process of Casged Natural Gas (CNG) fueled
storage bank occurring to Compressed Natural Gasidle (NGV) cylinders is an
unintelligible process, and should be thoroughlydgd. In this paper, a theoretical model
based on mass balance and thermodynamic laws lasdeveloped to study dynamic fast
filing process of CNG storage bank to vehicle’'sG# cylinder. Because Methane
occupies a large percentage (between 70% to 99%hpatfiral gas, for the sake of
simplicity it is assumed that Methane is the onljpbstance in Natural gas and
thermodynamic properties table has been employeddase of real gas model based on
methane. For modeling the heat transfer, the sys@srbeen treated as an adiabatic lump
one. The result shows the initial pressure of glerhank has a big effect on the storage
bank volume for bringing up the NGV cylinder to iésget pressure (20 MPa). The
storage bank volumes required for bringing up theWcylinder to its final (target)
pressure (20 MPa) for various initial storage bgmlessure, like 20.8 MPa (RPS = 1.04),
23 MPa (RPS = 1.15) and 25 MPa (RPS = 1.25) argeetvely 22, 6 and 4 times the
NGV cylinder volume. It is noted that RPS is theoraf storage bank pressure (PS) to
target pressure (PT) (In this research is 20 MPE)e results also showed that ambient
temperature has a big effect on refueling processefly on final NGV cylinder and

storage bank conditions.
Keywords. compressed natural gas, NGV cylinder, storage bdakt filling process,
thermodynamic analysis, entropy generation

I ntroduction

Natural gas is an attractive fuel for vehicles bseait is a
relatively clean-burning fuel compared with gaselifEgisquiza et
al., 2009). Natural gas as fuel is used in differeehicles that
include: passenger cars, heavy-duty trucks, garbiageks and
buses. Especially for urban vehicles, natural gas an
environmentally friendly fuel (Tilagone et al., B)0Use of natural
gas vehicles (NGVs) began in Italy in mid-1930phurticular, after
the energy crisis in 1970, the NGVs were rapidlyal@ped by the
governments of developed countries. In Iran the bemnof NGVs
and CNG stations have been estimated to be arouhdnilion
vehicles and 1700 fast refueling stations at thee @n2010 and are
growing rapidly (NIOPC website).

The natural gas vehicles (NGV) usually receive ratgas from
high pressure storage bank at the refueling sttehring filling.
The NGV cylinders encountered a rise in in-cylindemperature
during the filling due to complex compression andxing
processes. This temperature rise reduces the genskite gas in the
cylinder, resulting in an under-filled cylinder,latve to its rated
specification. If this temperature rise is not cemgated for in the
fuelling station dispenser, by transiently overgsgizing the
cylinder, the vehicle user will experience a redldsving range.

The capacity of NGV cylinder is a critical subjdéotthe wide
outspread marketing of these alternate fuelled ckehi CNG is
dispensed to a NGV through a process known as dke fill
process, since it is completed in less than fivautds. Under-
filing of NGV cylinders could befall at the fueflg stations, at
ambient temperatures greater than 30°C. The reguliduced
driving range of the vehicle is an important draslbevhich the gas
industry is trying to dominate, without resorting innecessarily
high fuelling station pressures, or by applyingeesive over-
pressurization of the NGV cylinder during the fugl operation.
Undercharged storage cylinders are a result of élevated
temperature which occurs in the NGV cylinder, dueampression
and other processes.

The NGV industry has made excellent advancementthén
industry to provide a system to refuel a NGV comapé to that of
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a gasoline dispenser. The problem with the longelefg time has
been remedied, for the most part, to be compatabike fill time
(< 5 min) taken to fill a gasoline powered autonf@br his fill time
can be referred to as a fast fill or rapid charge.

There have been limited researches in the fieldfilohg
process modeling in literatures. In the first reskas Kountz
(1997) modeled fast refueling process of a NGVroér based on
first law of thermodynamics. He developed a compptegram to
model fast refueling process for a single reserddountz et al.
(1998a, 1998b, 1998c) have also developed a CN@emner
control program that ensures integrate refuelindN@V cylinders
under a fast fill scenario. The researchers are afgler way to
model fast filling of hydrogen-based fuelling irdteucture,
including researches of Liss and Richards (2002k kt al. (2003)
and Newhouse and Liss (1999), who have studiedifiasy of the
hydrogen cylinder experimentally. They have repmbri@ high
temperature increase in the cylinder pending tbegss.

A few researches based on experimental studies ais@
carried out to study fast filling of the NGV cyliad including work
of Thomas and Goulding (2002) and Shiply (2003).ddeved that
ambient temperature variation can have an effedhenCNG fast
fill process. He also concluded that the test ddinwas under-
filled every time it was rapidly recharged.

Farzaneh-Gord et al. (2007) and Farzaneh-Gord €0b8ve
also modeled fast filling process. They developedoaputer
program based on the Peng-Robinson state equatdmathane
properties table for single reservoir. They studiffdcts of ambient
temperature and initial cylinder pressure on fingllinder
conditions. In another study, Farzaneh-Gord et (2008b)
presented thermodynamics analysis of cascade stotmmk
refueling process of NGV cylinders. The resultstlif research
indicated that ambient temperature has a big ef@ectfilling
process and final NGV cylinder conditions.

Farzaneh-Gord et al. (2011) have employed a theatet
analysis to study effects of buffer and cascadeagt banks on
performance of a CNG fuelling station. It is foutidht the filling
time required for bringing up the NGV onboard cgln to its final
pressure in the buffer storage system is about &% than the
cascade storage bank. The charged mass for casaalleés about
80% of the buffer bank which gives an advantagéufier bank
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over cascade one. The biggest advantage of thadm$@ank over
the buffer is 50% less entropy generation for gosfiguration,
which probably causes much lower required compreaagait work
for this configuration comparing to buffer bankrEmeh-Gord et
al. (2012a, 2012b) have also studied effects ofurahtgas
compositions on fast filling process for buffer azakcade storage
banks. In these researches, the conditions of ggob@nks were
considered constant.

Entropy is an important parameter of thermodyngmaperties
(Moisés et al., 2010). The second law has been@meglin this
study to calculate the amount of entropy generati@oretically.
Entropy generation is associated with
irreversibility, which is common in all types ofdimal systems.
Various sources are accountable for the entropgrgdon. There
have been numerous researches in the field of @ngeneration.
Bejan (1982, 1996) has concentrated upon the differ
mechanisms responsible for entropy generation pliegp thermal
engineering. Generation of entropy destroys thdahla work of a
system. Therefore, it makes good engineering semdecus on
irreversibility (Bejan, 1972) of heat transfer arffliid flow
processes and try to understand the function afteel entropy
generation mechanisms. Since then, a lot of ingattins have
been carried out to compute the entropy generatiord
irreversibility profiles for different geometric ofigurations, flow
situations, and thermal boundary conditions. HeExntropy
generation minimization has been employed as attodetermine
the amount of work destruction during filling prese

In this paper the goal is to study the effects barging
dynamic storage bank conditions on NGV cylindelirfg time
from a pressurized natural gas reservoir. A thémakbtmodel
based on mass balance and thermodynamic laws sergeal. In
this research, firstly, will be studied the effedtinitial storage
bank pressure on the volume that needed for bringmthe NGV
cylinder to its Target pressure (20 MPa). Also #ien is to
determine mass flows, thermodynamic properties antopy
generation in the cylinder and storage bank attang during the
filling process. In addition, the effects of ambie(initial)
temperature on important parameters influencinkinfjl process
are studied.

Nomenclature

A =area, M

Cq = orifice discharge coefficient, dimensionless
cp, ¢y = constant pressure and volume specific heatskdk§
= gravitational acceleration, nf's

= specific enthalpy, kJ/kg

= mass flow rate, kg/s

= molecular weight, kg/kmol
pressure, (bar or Pa)

= heat transfer rate, kW

= temperature, (K ofC)

= internal energy, kJ/kg

= enthalpy, kJ/kg

= entropy, kJ/ K

=time, s

= volume, rh

= actual work, kJ/kg

= actual work rate, (kW or MW)

= height, m

= compressibility factordimensionless
= ratio of pressuredimensionless

= ratio of volumedimensionless

§,§<~*m:c —|©.'U§§.:T<Q

U ONN
<7T
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Greek Symbols

v = specific volume, ffkg

y = isentropic exponent, dimensionless
= air density, kg/rh

Subscripts

C = NGV cylinder

CVv = control volume

S = storage bank

i = initial or inlet condition

e = exit condition

p = present condition

S = start of filling process

a0 = ambient

av = average

gen = generation

tot = total

Natural Gas Refueling Station

Figure 1 shows a typical CNG filling station. Natugas from the
distribution pipeline, usually “low” pressure al0<4 MPa or possibly
“medium” pressure (1.6 MPa), is compressed usiagge multi-stage
compressor into a storage bank. This system is taia@d at a
pressure higher than that in the vehicle’s on-bstothge so that gas
flows to the vehicle under differential pressufiggically, the storage
bank will operate in the range of 20.5 MPa to 25a\Vi®hile the
vehicle’s maximum on-board cylinder pressure i$/Fx.

=

Gas Supply & Meter |

Storage Bank

Compressor k

Dispenser

Figure 1. A schematic diagram of NGV refueling stat  ion.

Definition of Dimensionless Parameters

There are a few important parameters affecting filieg
process which should firstly be introduced. In N@N\ing process,
thermodynamic properties in storage bank play igmtrrole on
filling process. Two main thermodynamics in projeertstorage
bank are pressure and temperature. As shown irRfFgorage bank
has its own temperature (TS) and pressure (PS)hwassumed
changed while the pressure and temperature witl@V Nylinder
varies during filling process. Typically, the pressin storage bank
(PS) is in range of 20.5 MPa to 25 MPa, while trehigle’s
maximum NGV cylinder pressure is 20 MPa. In othards, the
target pressure (PT) in the fuelling process iSsEa

To maintain the final pressure within NGV cylindéigh
enough, the pressure (PS) within storage bank itmlirfilling
process could be assumed between 20.8 MPa to 25 MPa

The first and second dimensionless numbers intemtiuc this
study are RPc and RPs that respectively are tioeafdilGV cylinder
pressure (PC) and storage bank pressure (PS)tt fmessure (PT)
(In this research is 20 MPa), which are definefbb@ws:
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Ri¢ = RIR Wi B2 ©)
RR=PR/R (2 P, B y+1
It should be noted that at the end of NGV fillingppess, the y+1

number should reach 1, which means that the firedsure of NGV o 2 2D
cylinder should be equal to target pressure. m = C, N 4 PO, Aurifce(—y T 1}

The next dimensionless number introduced in thi§@eis RV,
which is the ratio of storage bank volume (VS) t&W cylinder
volume (VC) and defined as follows: it P ( 2 )ﬁ @

y+1

RV =\,/V, (3)

. o In Egs. (6) and (7§, is discharge coefficient of the orifice.
Note that the conditions of storage bank durinnl process The first laws of thermodynamics for a control vale in
are changingZ finding the. ratio of volume sto.rjdgmlbrather th.an general form can be written as follows:
volume of cylinder to achieve the target conditiofisefueling will
be necessary.

Q,+> M +V?/2+9z) =Y m(h, +V§/2+gze)+(8)

Thermodynamic M odel d/dfmu+V?/2+g32],, +W,,

Balance ener gy model

To model the fast filing process and develop ahemwatical The work term is zero in the filling process ane tthange in
method, the NGV cylinder or storage bank is comeifieas a Potential and kinetic energy can be neglected. &teation then

thermodynamics open System that goes through &s‘eady process. could be Slmpllfled for NGV Cylinder and Storagmbas below:

2
d;JC =0Q, + m(vf‘2 +h) For NGV Cylinder
Storage Bank dUt V2 9)
torage Ban oV
NGV Cylinder p 0Qs — my( 5+ h) For Storage Bank

P, Ts

Pe,Te
2

2
As m:%+h:%+m and m = m; = m,, the above

i L ) equation could further be simplified as:
Figure 2. A schematic figure of thermodynamic syste m.

du .
To develop a theoretical model, the conservatiomats and — = 5ch tm Pg

first law of thermodynamics have been applied te tontrol dt

volume (storage bank or NGV cylinder), to find 2tmodynamics

properties. Considering the NGV cylinder or stordggnk as a

control volume, the conservation of mass (conty)wguation may

be written as follow:

(10)

In Eqg. (10), the positive and negative signs haegenbused
respectively for NGV cylinder and storage bank.

The heat lost from the NGV cylinder and storage kbam
environment could be calculated as

dm, - ) 4) .
" m, For NGV Cylinder JQCV = _UHCVACV(TCV_ -I°-°) (11)

dmg, _
=-m, For Storage Ban )
dt U, A T and T,, are respectively the overall heat transfer

coefficient, surface area, in-cylinder temperatlaed ambient
In equation (4)7n; is the inlet mass flow rate in NGV cylinder temperature, for control volume that could be NGyinder or
andm, is the outlet mass flow rate of storage banks limportant  storage bank. By combining Eqgs. (4), (10) and (11, following
that the inlet mass flow rate of NGV cylinder; , is equal to the equation is obtained:
outlet mass flow rate of storage barik, , as follows:

— ) % = Ugy Ay (Tey=T.) d;?V he (12)

The value ofm can be obtained by considering an isentropic

expansion through an orifice. Applying gas dynanhawss: Or in the following form:

M = G,y A () {(%)(%) [1— =

1 d _
s L I

The above equation could be rearranged in theviig form:
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d(m:v Wy + My h;) =- Ucvpt\( ch_ I) C (14)

The above equation could be integrated from “oltsgfilling, up
to “present” time as:

p t
Id(ﬂkach“ ”Evfb)=—f Uch;v( Tev= I) d (15)

The integration of the above equation for a stotzaygk with single
reservoir fuelling station resulted in:

mp(up_ )+ m(u- R=-U, AA T, (16)

whenm, andm, are mass of charged gas at “present” and “outset”
of filling process,AT,,, is average temperature difference between

cylinder and environment which is defined as:

a7

The first law of thermodynamics for the NGV cylimder
storage bank finally can be written as:

u, = hS—UpAb\ATavti%(uo— h) (18)

p

Equations (6), (7) and (18) could be employed tmiobthe two
thermodynamic properties of in-cylinder or storbgak natural gas
at any time. For an adiabatic system, Eq. (18) ccdoé more
simplified as:

up=hsi%(uo—hs) (19)

P

Note that in Eq. (19), the control volume couldused for the
NGV cylinder or storage bank. Also the positive aredjative signs
have been used respectively for NGV cylinder andage bank.

By knowing two independent thermodynamic proper{lesre
specific internal energy and specific volume), dtker in-cylinder
and in-storage bank properties can be found.

Entropy generation model

The second law of thermodynamic and flow processesrring
in the a storage bank of the CNG filling statiodopted in this
study, makes it possible to evaluate the entropyeggion rate,
Sgen, for the characteristic nodes of the system.

The second law of thermodynamics for filling prcces a NGV
cylinder and storage bank could be presented as:

Senc=0dS/ ded Q/ J- 'm0  For NGV Cylinde

. . (20)
Sens=dSY dt-d Q T+ 'm0 For Storage Bank

Here, all irreversibility is assumed to occur framet to in-
cylinder position. This makes an isentropic expam$iom reservoir

to inlet position, which mearg = § = &.
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Considering this assumption and this verity that= M = )

and also combining Egs. (4), (11) and (20), théofahg equation
can be obtained:

Senc= (n(}t%)_ﬁm s+UcA( - 1)/ T For NGV Qylinde
(21)
%en,s:% +d§ S+ UFSAJ. Ts ;[)/ J  For Storage Banl

The total entropy generation could be obtaineduasnsation of
entropy generation of NGV cylindélégencand storage banis,

gen S?
as below:
S[ol = S_}enc+ 'S_]enf (22)
The above equation can be rewritten as:
: d
8, =2y (-1 B g A T T
(23)

Equation (23) can be more simplified for an adi@bststem as:

. _dimsg), dmsy
Sot = ot + at (24)
Or in the following form:
Sedt=dms- mp € g O (25)

The above equation can be integrated from “stafrtfiliing to
the “present” time as:

p p
Se=[dms-mpd| dos s (26)

For a fuelling station with storage bank, the im&tign of the
above equation resulted in a simple equation as:

0 ) @)

Se=m(g- 3 m(& )3 & §)s

Results and Discussion

In this study, the NGV cylinder and storage bankehaeen
considered adiabatic, as a result, the charadtsrisf the orifice
will not affect the final temperature state in thyinder. The orifice
diameter and the NGV cylinder volume were considdéoebe 1 mm
and 67 litters respectively. Also, for modeling tieat transfer it is
used lumped-system model, which means the resvésepted in
this work are for adiabatic operating conditiongec8use Methane
occupies a large percentage (between 70% to 99%ptofral gas,
for the sake of simplicity it is assumed that Methds the only
substance in Natural gas and thermodynamic pregsettible has
been employed for the case of real gas model basethethane.
The results have been presented in Fig. 2.

In CNG station, when the filling process is comgdethe final
pressure of the NGV cylinder increases to 20 MRaathieve this
goal, determination of the volume of the storagekbas very
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important. Figure 3 shows the final NGV cylindeegsure for the
various RV numbers. As mentioned in previous sestithe RV
number is defined as ratio of storage bank volumBl®&V onboard
cylinder volume. As shown in this figure, for bring up the NGV

Figure 5 shows, for the case where initial tempeeatvas kept
constant at 300 K, dynamic NGV in-cylinder and ag® bank
temperature profiles. Note from Fig. 5 that thecytinder gas
temperature falls pending the early stages of ¢hgrigefore rising

cylinder to its target pressure (20 MPa) orcRBual to 1, the various to a final value. The proof for the dip in this eerin the early part
RV numbers (ratio volume of storage bank to NGMnadr) should of the filling of almost empty NGV cylinder is cagguence of the
be selected. For studying the effect variatiomdfal pressure storage Joule-Thompson cooling effect, which the gas unoesgin the
bank on filling process, the Rimensionless number was introducedsenthalpic expansion through the orifice, from 208 MPa supply
in the previous section. In Fig. 3, the initial ggere of storage bank pressure to the initially low 0.1 MPa NGV cylinderessure. This

has changed from 20.8 MPa (&P 1.04) to 25 MPa (RP= 1.25). In
other words, for completing refueling process, ¥biime of storage
bank should be selected respectively 22, 6 andnéstithe NGV
cylinder's for different initial pressures storabank as 20.8 MPa
(RPs = 1.04), 23 MPa (RP= 1.15) and 25 MPa (RF= 1.25). As is
clear in this figure, the initial pressure of sgggebank has a big effect
on the storage bank volume for bringing up the N&\inder to its
target pressure (20 MPa). Because the minimumitidlipressure in
storage bank is a critical condition for fillingqoess, the results have
been presented here for storage bank with initeggure 20.8 MPa.

1

0.9

0.8 1
0l
3
0.7} ]
—e—RP =104
0.6 v RP =115
. RPS=1 .25
0.5

cold gas mixes with and compresses the gas origiimathe NGV

cylinder, with the result that the combined mixetk demperature
initially reduces. When the compression and conearsf supply

enthalpy energy to NGV cylinder internal energy rooenes the
Joule-Thompson cooling effect, which becomes leasethe NGV
cylinder pressure increases, the mixed gas temperat the NGV
cylinder starts to increase. In other words, theragfe bank
temperature remains nearly constant during filfingcess.
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Figure 3. Effect of RV number (volume storage bank to NGV cylinder
volume) and RPS number (PS/PT) on RPC number (PC/PT ).

Figure 4 shows dynamic pressure profiles of NG\indgr and
storage bank during filling process. Note from figure that the
time required to reach the final pressure (20 MR&JGV cylinder
is about 290 seconds. Farzaneh-Gord et al. (204 analyzed the
same process but with fixed reservoir conditions altained lower
filling time. This shows that the reservoir conditihas effects on
the filling time.

20

21

e Storage Bank Cylinder

208

~206

204

In-Cylinder Pressure (MPa)
Storage Bank Pressure (MPa)

20.2

150
Time (s)

0 50

100 200

Figure 4. NGV in-cylinder and storage bank pressure
filling process.

profiles during
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filling process.

Figure 6 shows mass flow rate profile that flowsfrstorage bank
and enters into NGV onboard cylinder during fillipgocess while
initial (ambient) condition is kept constant at 3B0and 0.1 MPa.
According to Fig. 6, in early part of filing, maflew rates are nearly
constant due to choking. Note from the figure that mass flow rate
which entered the NGV cylinder is equal to the migms rate that
exited the storage bank.

0.04

0.035

0.03

0.025-

0.02

0.015}

Mass Flow Rate (kg/s)

0.01

0.005

00 50

150
Time (s)
Figure 6. Mass flow rate profile during the CNG fil
temperature of 300 K and 0.1 MPa.

100 200 250 300

ling process with initial
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In Fig. 7, the NGV in-cylinder and in-storage bankss change
profiles during filling process are shown whiletiai temperature
and pressure are kept steady at 300 K and 0.1 M&a. from the
figure that the mass requirement of CNG fuel inrage bank for
completing filling process is equal to 234 kg ar ffinal in-
cylinder mass increased to 8 kg.

234

8 . . .
Y — Storage Bank Cylinder
\\'.
.\.
\,\

8 ., 232
"." —
— , 2
g ., e
= ., 4
a ™, 2
E ™ %
g4 S 230 &
£ ., o
= ™, &
3 \ :
£ @
\.\ 2

2 M 228
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\‘»
.,
.
0 1 1 1 ., 226
0 50 100 150 200 250 300
Time (s)

Figure 7. NGV in-cylinder and in-storage bank mass variations
filling process with initial conditions of 300 K an d 0.1 MPa.

during

In the previous studies (Farzaneh-Gord et al., 2@Od
Farzaneh-Gord, 2008a), it was found that initiatscylinder
temperature (which could be represented by amhk@nperature)
have big effects on the final NGV in-cylinder antbrage bank
properties. Figure 8 shows how the charged masesvaiith initial
temperature (in the NGV cylinders and storage bawikich could
illustrate the effect of ambient temperature. i t& seen as initial
temperature increases charged mass decreases.nmEaiss that
driving range of CNG vehicles will decrease ififity carried out in
hot weather compared to the colder conditions.

The ambient temperature has opposite effects oal fin-
cylinder and storage bank temperatures and chamgestes. The
final in-cylinder and storage bank temperaturesease as ambient
temperature increases whereas the final mass of bydikder and
storage bank with diminution of ambient temperainmeases. The
significant point is that by increasing initial (arant) temperature,
the final in-cylinder and storage bank temperatimerease linearly.

Deymi-Dashtebayaz et al.

As reminisced previously, entropy generation isehglent on
thermodynamic irreversibility. Irreversibility deesys available
work in the CNG filling station. As the availableovk is provided
by the compressor, so one could conclude that taspgngeneration
is decreased, available work destruction is deerké&so.

Figure 9 shows entropy generation in NGV cylindtorage bank
and total entropy generation obtained from summatb entropy
generation of NGV cylinder and storage bank folinfij an empty
NGV cylinder. As seen in Fig. 9, the entropy getierain storage
bank is much further than entropy generation of N&gNhder.

Entropy Generation
(ki/K)

o

Figure 9. Entropy generation in NGV cylinder,
summation of two.

stora ge bank and

Figure 10 shows the effect of initial temperaturetbe entropy
generation of NGV cylinder, storage bank and surionadf two.
As in this figure, for NGV cylinder and storage Bathe entropy
generation at low temperatures is much higher tlaanhigh
temperatures, so the entropy generation in 270, Keispectively,
5.12 kJ/kgK and 13.65 kJ/kgK for NGV cylinder artdrage bank,
while the entropy generation in 340 K is, respeatyiv3.08 kJ/kgK
and 3.07 kJ/kgK.
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Initial(ambient) Temperature

Figure 10. Effect of initial (ambient) temperature
NGV cylinder, storage bank and total summation.

on entropy generation in

Conclusion

The first and second laws of thermodynamics hawen hesed as
theoretical tools in order to investigate condiiasf NGV cylinder
and storage bank pending filling process. A thécakanalysis has
been built to study the blow downing storage bam filing NGV
cylinder. The important parameters that this pdpes investigated
include variation of temperature, pressure, mass flate, charged
mass and entropy generation for NGV cylinder arcdagfe bank.
Also, it is discussed effects of ambient tempermton these
parameters. As entropy generation is associatédtivit compressor

ABCM
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input work, it is assumed that, as entropy genamatieduces,
compressor work decreases too.

The results show that the initial pressure of gjeraank has a
big effect on the storage bank volume for bringing the NGV
cylinder to its target pressure (20 MPa). It isrfduthat the volume
storage bank required for bringing up the NGV om#ocylinder to
its final pressure (20 MPa) for the various initstorage bank
pressures, like 20.8 MPa (RP 1.04), 23 MPa (RP= 1.15) and 25
MPa (RR = 1.25) are respectively 22, 6 and 4 times themel of
NGV cylinder.

The results also reveal that the entropy generatioing filling
process in storage bank is much further than eptggmeration of
NGV cylinder.

Considering the above comments, one could condhadethe
ambient temperature has big effects on filling pssc final in-
cylinder and storage bank conditions.
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