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A Study on Flow Rate Properties of Hollow Fiber

Gas Membrane Module for N, Generation

Sang-Su, Lee

Department of Marine System Engineering

Graduate School of Maritime industry of Korea Maritime University

Abstract

In cargo ships, such as gas carrier or chemicalker, depending on the
characteristics of transportation, inert gas hasnbased in storage tank and freight
docks for separation from the atmosphere and ptrerof explosion, and it is
used for such uses as inerting, padding, purgimg, blanketing. The use of inert
gas is for safe transportation and storage, andyeneral carbon dioxide(GD is
used for oil tanker or chemical tanker, while njeo gas(® is used for liquefied
gas carrier that transports LNG.

In previous large-scale chemical tankers, boflembustion gas with abundant £0O
generated from the large-capacity IGG(Inert Gase@dar) and IGS(Inert Gas System)
has been used as inert gas. However, due to thesiskike the contamination of
freight by SOx or NOx oxides generated from boilembustion gas and global
warming by the increase of GOthe application of large-capacity Nitrogen getwra

to produce inert and clean gas, nitrogen, has becangrowing trend.



Nitrogen generators that are currently used irga@aships all use the membrane
type because the cryogenic type requires to berge-kcale plant including cooling
device and the PSA type has limited usage due toerability of the absorbent to
the vibration of freighters. Therefore, all nitroggenerators that are currently used
in cargo ships choose the membrane type whichrimgtagainst vibration.

Except for large-scale gas carrier and chemiaakdr, small- and medium-sized
LPG or chemical tankers in thousands of tons use3QOhigh-pressure nitrogen
bottles for inerting or padding depending on volunowever, these high-pressure
nitrogen bottles should be transported to the slzové recharged, after nitrogen gas
is exhausted, so it is disadvantageous in termgost, time and manpower. Thus,
a demand for nitrogen supply method is growing.

This study is a preliminary stage in the develepmof recharging system by
nitrogen generators which replace nitrogen-bottleppyy method for small and
medium-sized LPG or chemical tankers. It aims taneire hydraulic characteristics
on gas membrane module for PARKER ST6010 for némogyeneration which is
used for land use and to evaluate validity of iisogen-generation processing.

First, the volume of nitrogen usage from nitrogbattles for cargo ship was
calculated to select gas membrane module in theesamlume. And then,
performance test was performed by the numbers amhection of the selected
module. In order to understand hydraulic propertidsmodules in actual products,
a prototype of nitrogen generator was fabricated tasted.

As a result of the study, gas membrane module welected based on the
survey of nitrogen charging capacity and using flmte in the high-pressure bottle
nitrogen supply method for small and medium-sizédeiGLor chemical tanker, and a
testing system was built to measure complex sigoélpressure, temperature, flow,
and oxygen purity. Flows of two modules showed hiliglifferences by pressure

and purity. When two modules are connected in [grahitrogen flow was a little

_iv_



lower than the numerically doubled value of thewflan one module, but its
efficiency of nitrogen generation was high. By meaw air quality, the validity of
nitrogen-generation process was supported and ltdve &f the prototype was found
to be higher than in module testing, due to prdngs®ptimization. And, with the
capacity of the compressor used in the test, thegem of pressure and purity

which could allow continuous production of nitroglow were determined.

-V -



A1 A 2

& dukel 7bx Euka(gas carrier) ™ 3}shA|F WAl (chemical tanked) =
F&sts WAl Y] 540 wet divleke] B B FIUAES st AR A%
slE AR E&A7127F o]dE(inerting) =9 (padding) 3 A (purging) £

H(blanketing) ¢ & =2 A& E I Yot o] ¢ o] EGYrtAE A

£33 ARS BHRoF dlu Jon, HE FxH(Oi tanker) 2@ 3 AEF &ut

+

Mol o]4r3tea(COy, LNGE %3t AAE uk4(liquefied gas carrier)
oAe Aa(N)7h=7h 242k Abg = s ot

7129 Wy 3AEFE A AE &% IGG(inert gas generatad) 1GS

rit
0
(@)
N

(inert gas systemj A A4k ZR3 By ALty EEAVIAE
AR E L AT, HT 5o Yy dAdAa7tEdA Ues SOx NOxAHs)= 9
ot k=9 ¢, CO T o3k AFdst FAZ Q&f, 224 A=
A HAaE AAsle E8 % ¥ (@membrane type)d] W& AL

generatory] A go] Z7}sta Y= FA o]tk
5

T E A A

Aokst7] WEol Aol ABHARL A7) WEolth werd @Al Aute] 2§

IoglE RE A&UAVE QA% 2% 2 el AuHm g



2 100m'/hg, ¥ 3EAF F¥d8 o2 500~1,500/hs

go

X

1l

jant
o

A2 7I7 g s

o§ %)

Ay 7]

o

AlA 1]

Sol F

4

"/

UNITOR, AIR PRODUCT SMIT GAS SYSTEM

A S Al FoIH,

T
L

1ol 27te) Z2

o 7

i

o

O
73’7‘?—‘

AaBA7 7 AestEo] AR, Fu o

o] .28 LPG
w2t 10~30H 7FEe

o

£ 7] (bottle)oll A

o}
i=]

al

TH

=S

7] WAl Fig. 1164 =

h

st @7 SulEHA

R



Padding line

% o 11
s

N, bottle

Middle and small LPG
& chemical tanker

In N, exhausting

Mkl

High pressure
N, bottles

Cost, time and
man power loss!!

Fig. 1.1 Demerits of N supply method by bottles
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Analysis for the existing Nsupply method
in middle and small LPG and chemical tankers

!

Nitrogen generating capacity design

!

Membrane module and number selection fit for desigpacity

!

Construction of test and evaluation system

!

Performance test for each module

!

Performance test according to two modules connected
in parallel

!

Making of N> generating test product and performance te

Fig. 1.2 Study purpose and paper constitution
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Fig. 2.1 Air separation principle and micro-structure ofllbvy fiber
membrane module
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Padding line

% o 1T
]

N, bottle

(@) No bottles and use in ship

Nitrogen

10 bottle(682/btl) 150 — 5kgf/cm? 5 — 0.14kgf/cm?2

(b) Pressure reducing process from bottles

Fig. 2.2 N> supply method by the high pressure bottles

_10_



S %o o o @ A T g ~ W T o 4 T % W oW N
S I W Bk ® oM T
3 o W o I G ) A I G -
N2 .m_ﬂ o HT 3 NrL O#E ‘Iyl o = ET E..E = . X w
[ T = Eo " ™ : st o oy W, o
Towogowog v I N - ST
5 ™ . Pk w2 o7 o GRS
o ~ E To — gy Mﬂ iy £ W=
2 ~ o\ T Y . xo 0 = M = o - - o o
S5 Esn T T W o w2 RO S
FoEgx®PE 2T T Sy
(=) ) N =0
R w ™ wr Jo Foo s W 3 o w B ® o
= 9 0 T AL 1
T or mw Nlo A o ¢ W oo 4 Wm CHER R
m oo ® N < o) W m ol ol S N M ok 70 mrm
22ig P28 Gl rth) g et
oot N X2 o[ S b e 0T o g
IR o o LG— TRy ) | y e
S R N v Dod FTeE m\l m ooy * 0w
N s = TR L o T o A
Gl m S O™ o oW oW N = M T . ® S NS ol
9 R E WS I G 2 T
N o o g4 T CUNE ot
Mo mr g @ = s BT g ik < A o T 4
refiriy PrEfIT ZEIR
mw H.:| O T % . _‘%l Y MA% ~ q k= ‘ﬂ/ M%M i o O#
i X - T M ! = 1dyr K TR MAM o = o B on < T F N
E%@wﬂymmﬂwmﬂﬂiﬂ7ﬂ1Ltﬂmwlﬁoﬂﬂ
BRSNS SR ERESEETEE LS
— 2 _ =~ ! g ! , s o< )
\mvl i ny 3 3 H._ mL N o ¢ o w ° o8 %o W - " my AR iﬂ
CUNR U o~ e = o w2 2] o ma o W 0OrON o9 il
O, 0 X = — %) —_ i
HT_ ‘WDI ~ n_ r Of O_.._ ,._Xl | ™ o) J ﬁo ~ Z_.# < | % e &
@ w2 ™oy Tom S L P o T Y o
Q! S ® W W T W E Jo w B T W ® H o o

ST6010

L

1

_11_

e ST6010 2 & LY &< 8bar A4a 97%el

-
st

JE PARKER Z AW 7] TyreSaved] A&

gl ol ¥

&t Aot

A 10.7m'/ho] B2 2

[

14,17
S
2Es A4
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0
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0/8/»7,,?

A-A' Section View

Fig. 2.3 Section detail diagram of ST6010 membrane module
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(a) Appearance of module

(b) Structure of membrane

Fig. 2.4 Appearance and structure of ST6010 membrane module
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Fig. 3.1 N2 generating P&ID and measuring points

_18_

Particle
flow

E—

Nitrogen




&‘W;g'.‘ : “" )
LN A - e

{ T

Membrane module

(b) Lower part
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Table 3.1 Instrument and specification for test

I nstrument Specification
Compressor 1.38Nm'/min, 11kgfetm [Airplus-GSS11]
Microscope x500 [SomeTech-ICS 305B]

Pressure transmitter

0~16bar [Woojin]

Temp. transmitter

0~100 [Woojin]

Air flowmeter

0~15Qn'/h, Thermal mass type
[DIELEN-VARIOMASS]

Oxygen sensor

0~25%, zirconium [AMI]
[MAXTEC]
[CITY]

0~99%, galvanic
0~25%, galvanic

Dew point transmitter

-100+20 [MICHELL]

Particle counter

0.3~54 [IQAIR]

Particle concentration meter

0.001~3.89%" [KANOMAX]
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(b) Particle count (c) Particle concentration

Fig. 3.3 Sample air extraction and air quality measurement
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7<= (delivery pressure)

—
=

Fig. 3.1¢1 41 ¢]

L

Pressure 3 =25 ¢+ # (module pressure)

Pressure 1 =% <9 (inlet pressure)
Pressure 2 =]% ¢+ (feed pressure)

, 2}
Pressure 4
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Flow 1 = J+-# Z(inlet flow rate)
Flow 2 = o]%-# 2¥(feed flow rate)

Flow 3 4 = 24

= (nitrogen flow rate)

Flow 5 = 3% 7] % (permeate air flow rate)
2 F
Module 1 =2 &1
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Solid Water oll
Class Maxslrlr;zin w[?n?rticle cor’:izﬁ?alljtlizn** preszﬂua;zmgiil\?v point cor’:izﬁ?alljtlizn**
pprr (mg/m’) T (C) pprr (mg/m’)
1 0.1 0.08 (0.2) -94 (-70) 0.008 (0.02)
2 1 0.8 (1) -40 (-40) 0.08 (0.1)
3 5 4.2 (5) -4 (-20) 0.83 (1)
4 15 6.7 (8) 37 (+3) 4.2 (5)
5 40 8.3 (10) 45 (+7) 21 (25)
6 - - - 50 (+10) - -

ISO Class[2] ]3]

Any compressor with aftercooler. Air intended foseuwith
lubricated air tools, air motors, cylinders, shdasting,

non-frictional valve.

Regulator

ADDITIONAL SPECS : CGA-G7.1 (Grades A&Bal)

ISO Class[1]_11]

Any compressor with aftercooler and 2-stage caaigs Air
intended for use as lubricated control valves, ntdrs and

parts blow-down.
= soPsl
—

3

Auto
Regulator
Drain / egulato

ADDITIONAL SPECS : Mil. Std. 282 H.E.PA. USPH.S. 3A
accepted particles for milk.

O E}

ISO Class[1] T1]

Any compressor with aftercooler, 2-stage coalesand
deliquescent dryer. Air intended for use with gaher
pneumatics system

Auto ¥
Drain

Deliquescant
Dryer

Min. Temp 64°F

N

Regulator

Auto A~

Drain

ADDITIONAL SPECS : CGA-G7.1 (Grade C)

ISO Class[1]4][1]

Any compressor with aftercooler, 2-stage coales@ng
refrigerated dryer for use with instrument qualdy.

Min. Temp 40°F
50 PSI
ilg—b

Regulator

Auto A

Dryer Drain

Drain

ADDITIONAL SPECS : CGA-G7.1 (Grade D&E) ISA S7.3, Fed.
Std. 290 (Class 100)

ISO Class[1]4]

Any compressor with aftercooler, 2-stage coalescing
refrigerated dryer and carbon adsorber, Air intendier use
as industrial breathing air decompression chamber.*

100°F

Deliquescant
Dryer

Min. Temp 40°F

NG
3

Regulator

Auto ¥

Drain

ADDITIONAL SPECS : O.SH.A. 29CFR 1910.134

*CO Monitor required.

ISO Class[1]2]1]

Any 2-stage compressor with aftercooler, doublelesming
and a regenerative-type desiccant dryer. Air intendor usein
applications involving critical instrumentation armdgh purity
gases.

Regulator
Auto’ <

AutoDrain Drain

ADDITIONAL SPECS : CGA-G7.1 (Grade F)

Fig. 3.4 ISO 8573-1 standards
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Qp

Q—» Membrane module —Q,

Fig. 3.5 Flow relation in membrane module

—> Module 1, M odule 2 —>

(a) Each module test

- Mdulel :

Module 2

(b) Connection in parallel

Fig. 3.6 Two module connection in parallel
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Table 3.2 Particle count, dew point and particle concerdrati

(a) Particle count

- Humidity(room): 80%,

Room temp. : Z3

Point Atmosphere Before After Nitrogen
Size, ¢m P filtering filtering outlet
0.3<ck0.5 4.05x10 3.43x10 57 No measured
0.5<ck0.7 2.39x16 2.769x10 | No measured "
0.7<c1.0 819 4.57x16 " "
1.0<ck2.0 428 1.3x16 " "
2.0<k5.0 561 778 " "
d>5.0 14 No measured " "
ISO class 4 3 2 1
(b) Dew point
. Before After Nitrogen
Point Atmeevie filtering filtering outlet
Dew point, C 18 -7 -9 -21
ISO class 6 4 4 3
(c) Particle concentration
. Before After Nitrogen
Point Atmosphere filtering filtering outlet
Concentgraﬂon 0.003 0.015 No measured| No measured
mg/m
ISO class 1 1 1 1
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el P S

g [| —M— Feed pressure '
| | —®— Module pressurd
8 1 1
7bar, N 97%
7

Pressure [bar]
(6]

Fig. 3.7 Pressure loss of before and after module

4 5 6
Inlet pressure [bar]

10

16 T "

—B— 7bar, N 97%
14 Linear fit curve
12

=
o
T

N, flow rate [ni/h]
[e0]

Fig. 3.8 N flow rate variation according to pressure

4 5 6
Feed pressure [bar]
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Nitrogen purity [%0]
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Feed pressure [bar]
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/ Variation
i ./ /
90 /
r ./ —@— 9bar, N 99%] 1
BG:F —m— 9bar, N 97% ‘T
; ; ; ; 1 1
0 1 2 3 4 5 6 7 8

10

Fig. 3.9 N2 purity variation according to pressure

Table 3.3 Temperature correction factgt

N2 purity, %
99.5 99 98 97 96 95
Temperature
10T 098 | 0.93 | 0.91 0.9 0.89 | 0.89
30C 0.86 1.00 1.05 1.07 1.09 1.1d
40C 0.57 0.9 1.03 1.08 1.12 1.15
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[ [ 99%

w
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L | A 97%

¥ 96%

&
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N
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=
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=
o
T

Nitrogen flow rate [riYh]

[&)]

Feed pressure [bar]

Fig. 3.10 N; flow rate according to pressure and plrity

Table 3.4 N, flow rate of Module 1

<unit; m'/h>
N2 purity, %
99 98 97 96 95
Pressure, bar
9 9.6 15.0 20.7 26.1 32.3
8 8.4 13.8 18.0 22.8 28.8
7 7.2 12.0 15.0 19.2 24.0
6 5.4 9.6 12.6 15.6 19.2
5 4.2 7.2 9.6 12.6 15.0
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50

Feed flow rate [r#h]

Feed pressure [bar]

Fig. 3.11 Feed flow rate according to pressure and pNrity

Table 3.5 Feed flow rate of Module 1

<unit: m'/h>
N2 purity, %
99 98 97 96 95
Pressure, bar
9 55.2 63.0 69.0 75.6 84.6
8 48.0 54.6 60.0 65.4 73.2
7 40.8 45.0 51.0 56.4 61.8
6 34.2 37.2 42.0 46.2 49.8
5 27.0 30.0 33.0 36.0 39.0
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Table 3.6 N> generation efficiency comparison of Module 1

(a) Efficiency of Module 1

<unit:%>

N2 purity, %
99 98 97 96 95
Pressure, bar
9 17.4 23.8 30.0 34.5 38.2
8 175 25.3 30.0 34.9 39.3
7 17.6 26.7 29.4 34.0 38.8
6 15.8 25.8 30 33.8 38.6
5 15.6 24.0 29.1 35.0 38.5
Mean 16.8 25.1 29.6 34.4 38.8
(b) Efficiency of standard data [PARKER]
N2 purity, %
99 98 97 96 95
Pressure, bar
9 154 22.3 27.8 32.2 37.0
8 15.1 23.3 28.5 33.2 38.4
7 15.2 23.2 28.6 33.4 38.4
6 15.1 23.3 28.6 32.4 38.5
5 15.2 22.8 28.6 33.4 37.0
Mean 15.2 23.0 28.4 32.9 37.9
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(b) Standard data on PARKER catalogue

Fig. 3.12 Comparison of B generation efficiency
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Table 3.7 Oxygen purity of permeate air

Nitrogen purity, % 99 98 97 96 95
Measured 257 | 282 | 295 | 307 | 323
oxygen purity, %
Predicted 252 | 281 | 200 309 332
oxygen purity, %
Error, % 1.9 0.4 1.7 0.7 2.8
Table 3.8 Flow rate comparison of Module 1 and Module 2
<unit: m'/h>
(a) Nitrogen flow rate in feed pressure 7bar
Nitrogen purity, % 99 98 97 96 95
Nitrogen Modulel v 12.0 15.0 19.2 24.0
flow Module2 7.2 12.0 15.6 20.4 25.2
Difference, % 0.0 0.0 +4.0 +6.3 +5.0
(b) Permeate air flow rate
Pressure, bar
9 8 7 6 5
Module
Module 1 41.4 36.6 30.6 25.8 21.0
Permeate
flow
Module 2 43.8 37.2 30.6 25.8 21.0
Difference, % +5.8 +1.6 0.0 0.0 0.0
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Table 3.9 Flow rate comparison of Module 1 and Module 1-2

<unit: m'/h>
(a) Nitrogen flow rate
N2 Purity, %
99 98 97 96 95
Pressure, bar
Module 1x2 14.4 24.0 30.0 38.4 48.0
7
Module 1-2 13.8 21.0 29.4 36.0 44 .4
Module 1x2 10.8 19.2 25.2 31.2 38.4
6
Module 1-2 11.4 18.0 24.0 30.0 36.0
Module 1x2 8.4 14.4 19.2 25.2 30.0
5
Module 1-2 8.4 13.2 18.6 23.4 28.2
Difference, % 0-5.6 | 8~125| 2~48 | 3.8~7.1| 6~7.5
(b) Feed flow rate
N2 Purity, %
99 98 97 96 95
Pressure, bar
Module 1x2 81.6 90.0 102.0 112.8 123.6
7
Module 1-2 80.4 89.4 96.0 103.8 112.8
Module 1x2 68.4 74.4 84.0 92.4 99.6
6
Module 1-2 64.8 73.8 79.8 85.8 92.4
Module 1x2 54.0 60.0 66.0 72.0 78.0
5
Module 1-2 52.8 58.8 63.0 67.8 72.0
Difference, % 1.5~-5.3] 0.7-2 4.5~5 5.8~8 | 7.2~8.7
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Fig. 3.13 N flow rate of Module 1-2

Table 3.10 Linear equation of N flow rate

N2 purity, % N, flow rate, Y Standard deviation
99 2.7-X -5 0.245
98 3.9-X -6 0.735
97 5.4.-X - 8.4 0
96 6.3-X - 8 0.245
95 8.1-X - 124 0.245
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Fig. 3.14 Feed flow rate of Module 1-2
Table 3.11 Linear equation of feed flow rate
N2 purity, % Feed flow rate, Y Standard deviation

99 13.8:X - 16.8 1.470
98 15.3-X - 17.8 0.245
97 16.5-X - 194 0.245
96 18.0-X - 22.2 0
95 20.4-X - 30.0 0




Table 3.12 Efficiency comparison of Module 1 and Module 1-2

<unit:%>

N2 purity, %
99 98 97 96 95
Pressure, bar

7 17.2 23.5 30.6 34.7 394
6 17.6 24.4 30.1 35.0 39.0

5 15.9 22.4 29.5 345 39.2

Mean 16.9 23.4 30.1 34.7 39.2
Modulel 16.8 25.1 29.6 34.4 38.8

Table 3.13 Permeate air flow rate of Module 1, 2 and 1-2

<unit: m'/h>
Pressure, bsﬂr
9 8 7 6 5
Module

Modulel 41.4 36.6 30.6 25.8 21.0
Module2 43.8 37.2 30.6 25.8 21.0
Modulel+Module2 85.2 73.8 61.2 51.6 42.0
Module 1-2 - 75.6 61.2 51.6 41.4
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Fig. 4.1 P&ID of N, generating process



(a) Front photo (b) Rear photo

Fig. 4.2 N, generating test product
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Table 4.1 Instrument and specification

Instrument

Specification

Compressor

1.38Nm'/min, 10.5kgftn’ [AtlasCopco-GX11]

A/D converter

16c¢ch, 250k Sample/s [NI-9206]

Pressure transmitter

0~20bar [All sensor]

Temp. transmitter

-50~100 [All sensor]

Oxygen sensor

0~25%, galvanic [CITY]

N, generat

¢

Conﬁb er

IR for measurement [

Fig. 4.3 Test setup for the Ngenerating test product
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NI-9602 A/D converter

Compact DAQ chassis

(@) A/D converter and sensor connection

L—F(0)

Sensor Range Voltage
P1
P2
Pressure 0~20bar 1~5v
P3
P4

Temp. T | -50~100C 1~-5v

n

Flow

0~150m%h 0~10Vv

Oxygen (0] 0~25% 1~-5v

(b) Connection diagram and sensing range

Fig. 44 A/D converter and sensor connection
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Fig. 4.5 Data acquisition program based on LabVIEW
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Table 4.2 Particle count, dew point and particle concentrati
- Humidity: 60%, room temp. : XZ
(a) Particle count

Point Before After Nitrogen
. Atmosphere - L
Size, um filtering filtering outlet

0.3<0.5 27,538 No measured| No measured| No measured
0.5<&0.7 1,917 " " "
0.7<c&1.0 1,068 " " "
10<d§20 783 " " "
20<(E50 980 Y " "

d>50 29 R " "
ISO class 4 1 1 1

(b) Dew point

. Before After Nitrogen
Point Atmosphere 19 . A g
filtering filtering outlet
Dew point, C 17 -11 -11 -27
ISO class 6 4 4 3
(c) Particle concentration
. Before After Nitrogen
Point Atmosphere - I g
filtering filtering outlet
Concentration
0.006 No measured| No measured| No measured
mg/m'’
ISO class 1 1 1 1
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Table 4.3 Nitrogen flow rate of N generating test product

<unit: m'/h>
N2 Purity, %
99 98 97 96 95
Pressure, bar
8 18.0 27.0 354 - -
7 16.2 24.0 31.2 37.2 43.8
6 13.2 18.6 25.8 31.2 36.6
5 10.2 14.4 19.2 24.0 29.4
50 T
| | ——99%
~@98% o
40+ -A-97% ze
—¥— 96% A A
] 95%) A
é 30
2
o
2
ZN
10
0

Feed pressure [bar]

Fig. 4.6 Nitrogen flow rate comparison of Module 1-2

and test product

_60_



—

e
o

~

)
‘_nyl
o
7K

I
B

T

Ar

433 ¢

A+ 79.16%

=< UEUATH

Fig. 4.79)

ca
o)
o

=K

i+

= 283C=

9.25bay Wi T &&=

ol
H
B2
——
o

ilin
o

A

T

1

3 gl olE 7} ofymE o 7)ol A

Fig. 4.8¢] UEhy

=
=

o g

=
=

o}
H

4o

—_—

0

w
A4r
o:

)

WA A7k w
o2 game F2E} AdHoR wo)R o

™
N

]
o
g

o)

I
4
i

)

S

=
N

gl

4
4
i
oy
O

T

N

Fig. 4.9

LT} Yolx

E7HA ATt Azt wet

o

il

oH

7]

14, %

<

A

[e)

T

1 Fig. 399 do]E s}

A
pi

AR

148 FHE4 Eog Andd,

g9

el

il
)

)

4o

R

£
N

o)
o
oF
4
R

1
B
X
U

)

_61_



—
[—— Nitrogen purity [%]

80

|| —— Feed pressure(P2) [bar]
60 H Membrane pressure(P3) [b.
—— Outlet pressure(P4) [bar]

Nitrogen flow rate [rfih]

=

Each output values in unload

40
‘ Pipe temperaturé(] I
20 |
|—— Inlet pressure(P1) [ba}]
0
0 20 40 60 80 100

Time [sec]

Fig. 4.7 Measuring values according in no pressure load
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8 - ‘
o
T
T 6
Ko}
= N
E \&%
é 4 \E\“\%
% 3 - \\%%
LL | 4
2 %&\
L 95% 96% 97% 98% 99%
1
]
0k

0 20 40 60 80 100 120 140 160
Time [sec]

Fig. 4.8 Pressure variation according to time
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N, purity [%]

Nitrogen flow [ni/h]

100

98 £ e ————
Pt g,
i ’,’ﬁm\\ \\ \ 1
94 | ~— 9%
L . 4
92 || B S~ om
F - 96%
- o o
0r 95%
88
86
84
82
ool F
0 20 40 60 80 100 120 140 160
Time [sec]

Fig. 4.9 Nitrogen purity according to time

50 \1\
[ N
0| “\%\H
e
95%
o T,
{ mmm wmm 98%
""—-—*—\..__.._‘__.__% 99%
0 H i
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0 80 100 120 140 160
Time [sec]

Fig. 4.10 Nitrogen flow rate according to time
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N, purity [%]

Feed pressure [bar]

10

] 98%
N 97% d

8 96% 99%

T ——

= 95%

6
4
2 &

|| RSN VAN

0 50 100 150 200 250 300 350
Time [sec]

Fig. 4.11 Feed pressure variation according to time
in compressor operating
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o . | . T
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Fig. 4.12 N, purity variation according to time
in compressor operating
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Fig. 4.13 N flow rate variation according to time
in compressor operating

Table 4.4 Maximum feed pressure according te purity to generate
constant N flow rate

N2 Purity, %
99 98 97 96 95
Pressure, bar
Constant 9.7 90 | 839 | 782 | 732
feed pressure, bar
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[ s —
10 | | —— Measuring valve
Polynomial fit curve

Impossible
9 \\
7 /././ Possible

0 9% 95 96 97 98 99
N, purity [%]

Feed pressure [bar]
[e0)

Feed pressure = 210.05 - 4.75%(purity) + 0.0275x(M purity)’

Fig. 4.12 Trend of maximum feed pressure according to
N2 purity to generate constant; Nlow rate
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19. ISO 8573-1 Contaminants and purity classeX03
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