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ABSTRACT

The method to strip residues by the gas flow from the piping system in the chemical tankers,
which it is usually refer to as the line blowing, is descrlbed The line blowing was performed with
~the large scale laboratory expenmental apparatuses which are spec1ﬁed in Annex I of MARPOL 73
/78 and the Standards of Procedures and Arrangements. Water and air were used as the test fluid.
Gas flow was generated by compressed gas supplied to the piping when the manifold valve installed
at the exit end of the horizontal pipe is opened quickly.

To evaluate the performance of the line blowing, a simple analytiéal model. for predicting the
quantity of the remaining water in the horizontal and vertical pipe during the process of the line- .
blowing was developed, based on the arrangement of the experimental apparatus and the operating
procedures as well as the results of flow observations. The line blowing process was modeled
according to the location of the front of the ﬂdwing single air slug along the pipeline for the piping
arrangement provided to maintain the back pressure with the 10 m. long vertical riser pipe (10mp)
and the constant pressure valve (CPV) set ‘the trlppmg point at 1kgf/cm? at the exit end of the
horizontal pipe. . : S

The results predicted by the analysis for two experimental apparatuses were compared with
wide range of the experimental data for 4-in. and 6-in. diameter pipelines. Good agreement with
the experimental data of the remammg water rate in the horizontal and vertical pipe.is shown.
'Predlctlons of the remammg water rate in the horizontal plpe for two experlmental appratuses are in
satxsfactory agreement.

The experimental and analytical results suggest the excellency -of the line blowing method.
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1. INTRODUCTION

Release of harmful substances from the ShlpS constitutes a serious source of pollution’ of the p
marine envrronment “To preserve the sea and ‘coastal environment .from pollutlon by harmful
substances, there is a need to minimize the remaining cargo in thé cargo. unloading line after
unloading under the normal -operation of the ‘cargo’ pumping system and to reduce the discharg-
ing quantity of the remaining cargo or contaminated water by these substances into the sea.

With these poxnts as background Annex il of MARPOL 73/78 and the Standards for
Procedures and Arrangements P& A Standards) contained requirements for cargo tank stripp-
ing have been entered ‘into force ‘These are that each tank designated for every ship carrying
category B (for example, Chloroform, Etheylene dichloride) or C (for- example, Creosote, Toluene)
substance shall not retain more ’than a defined quantity of residue in the piping system. The
stripping system has to be installed and the test of the stripping capabilities of these tanks must
be in accordance with the Standards by using water as the test fluid. During the onboard test,
either the 10 m. long vertical riser pipe (10mp) or the constant pressure valve (CPV) set at 1 bar
minimum has to be installed to maintain a back pressure at the cargo tank’s unloading manifold.

Consequently, the ability to predict the quantity of the residue after the stripping procedures
is of importance to prevention of marine pollution. However, a single reference, dealing with the
experlmental and theoretical aspects of the stripping procedures, has not been found. To obtain
the efficient stripping system, the efficient stripping procedures the reliable expressions for the
strlpplng quantity and quantltly of residue for the partlcular ship have been requlred Predict-
ing the strlpplng quantity of some ShlpS wh1ch can not be met their spec1ﬁed efficient stripping
condltlon durlng the real unloading operatlon is also required for minimizing the stripping time
in port. . :

For -these purposes, rnethods for predicting and:reducing the quantity of residue in the
horizontal pipe in accordance with the test procedure and the test arrangement set out in P&
A Standards have been mvestlgated

In the previous paper!t, the line blowing method was discussed experlmentally, and the
conditions to strip- water effectlvely from the large scale pipeline were proposed. A static model
which describes the condition of the ideal hne blowing (same volume of water in the horizontal
pipe as the volume of the air blown into the horizontal pipe is displaced and water is discharged
from the pipe outlét) was proposed. The agreement between the analytical results and the
experimental results is satisfactory at higher remaining water rate. However, the model ‘does not
predict well the lower remaining water rate data. Furtber invéstigaiton of a more general
expression for th‘e remaining water rate is needed. ‘ '

In this paper a simple analytical model for predicting the quantity of the remalnlng water
in the horizontal and vertical pipe during the process of the line blowing, based on the
arrangement of the experimental apparatus and the operating procedures as well as the result of
flow observations, is described. The analytical results compare favorable well with the data of
the wide range of the design and operating conditions. The experimental and analytical results
showed that water in the horizontal and vertical pipe is sufﬁciently removed by the li'n_e blowing.
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NOMENCLATURE

10 mp: 10 m. long vertical riser pipe CPV:constant pressure valve
c: coefficient of contraction(—) d: diameter of the orifice: (m)
D: inner diameter of the test section (m) g: acceleration due to gravity (m/s)
h: height of vertical riser pipe (m) j: volumetric ﬁux den31ty (m/s)
¢: length of horizontal pipe (m) P: pressure (kgf/cm? Q: volume( %
q: volumetric flow rate (m®/s) R: remaining water rate or gas constant ( )
R’: local remaining water rate(—) - . " T: absolute temperature (K)
t: time(s) ' ‘ V: gas velocity (m/s)
Vo: velocity of the gas cavity concerning to the gravity (m/s) '

W weight (kg) . y: thickness of liquid film (m)
z: location of bubble front measured from exit (m) - B

a: void franction (—) B: refer to eq (7) (=105X107% (s*/m)
y: specific weight (kg/m®) , ‘ « ¢ friction coefficient of p1pe (=)
7 Q [(Pyo+1)/(Ps+ 1)—1] /Qu(—) non-dimensional available air quantity

£: adiabatic exponent(—) ’ e viscosity (kgfs/m?)
&: loss factor (—) . ' 7. time required to open/close the manifold valve from zero to full
opening or vice vei“sa (s). or wall shear stress (kgf/cm?)

v: specific volume (m 3/kg) o w: angular velocity of valve opening (rad/s)
SUBSCRIPTS

0: atmospheric pressure or initial condition ' 1: air tank
2: air supply hose 3: back pressure
4: middle point along the horizontal pipe b: bent e: entrainment
g: gas H: horizontal pipe In: inlet {: liquid or liquid film

TPG: two phase flow
P: back pressure maintained by a 10m long vertical riser pipe
V: back pressure maintained by a constant :pressure valve, vertical pipe or valve

2. MODEL FOR LINE BLOWING

A simple analytical model for b‘redieting the quantity of the remaining water in the
horizontal and vertical pipe during the process of the line b‘leWing was developed, based on the
arrangement of the experimental apparatus and the. operating‘vprocedures as well as the results
of flow observations. '

2.1 Experlmental Apparatus and Operating . Procedures- ,

A schematic diagram of the experlmental apparatus is presented in Flg 1 The apparatus
consists of the 11.2m. long transparent plexiglass horizontal pipe to permlt visual observation
of flow, the manifold valve (V,) and the 10 m. long vertical riser pipe or the constant pressure
valve to maintain a back pressure at the end of the horizontal pipe. The CPV used in this work
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is.shown in Photo. 1.- The trippig point of the CPV was set at 1kgf/cm?G by spring force. They
are same in bore diameter and connected in series. The internal diameters of the test section
were 4-in: and 6-in. The test section is $upported by the frame that can-be pivoted between:
angles of £2° from the horizon. The electrically actuated butterfly typed manifold valve can be
opened and closed at constant speed. The orifices can be installed in the air supply hose.

To perform an experiment, at first, the valve V; was closed and the ,pipeli'ne was filled with
water. Then compressed air (initial air pressure Pyo: 1.5~9 kgf/cm®G) was supplied from the air
storage tank (volume Q‘I:.Q.013~1.09 m® through the air supply hose (id 1-in. and lengths of 22
and 10 m.) to the horizontal pipe at pressure P,;,. The line blowing was started by opening the-
valve V,. Air is blown into the horizontal pipe and the single slug bubble is formed. Water in
the pipeline will be blown from the outlet of the pipeline to the atmosphere. The line blowing
was stopped for different mode, by closing V'l at constant speed, or by closing the ball valve V,
or Vg3 quickly, depending on the location of the front of the bubble slug. Préssures were
measured at the air storage tank (P,), middle point along the horizonal pipe (P,), the end of the
horizontal pipe, and between the CPV and the manifold valve (P3). Pressure P; denotes the back
pressure. Remained water after the line blowing in the horizontal and vertical pipe (10 mP) was
measured. The mean bubble slug velocity in the horizontal pipe V,z was determined by
measuring the time required for a bubble to move a fixed distance along the horizontal pipe and
by closing the ball valve V2 or Vg qulckly, then the amount of remained water was weighed. In
this way, the mean discharge water velocity j, from the pipe could be obtained. To obtain
constant values of V,y and V,y, additional experiments were carried out with large air storage
tank (volume Q;:2.35m®. Measurements of Vem Vgv, the water surface velocity and j; were made
using pipes of 40 mm and 11.7 mm in diameter, and 4.5 m. in length. A schematic diagram of
the experimental ‘apparatus is 'éhoWn in Fig. 2. Compressed 'airu is supplied to the horizontal pipe
which is filled with water or to the vertical pipe which is filled to a preselected water level and
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Fig. 2 Experimental apparatus to measure bubble velocity
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the long bubble slug is generated. Motions of the bubhle head and the water surface (vertical
pipe experiment) were recorded by the video tape recorder and the quantity of the discharging
water (horizontal pipe experiment) during measured time was weighed. Ven Vgv and j; were
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determined from these da’fa.' Fig. 3(a) shows motion of the bubble head and the constant bubble
velocity. Figs. 3(b) and (c) show motions of the bubble head and the water surface. The bubble
velocity is plotted against j; in Fig. 4(a) assuming j,=j, and in Fg. 4(b) assuming the velocity of
the water surface equals to j, These data were used to obtain the correlation of the local
remaing water rate. For analyzing the line blowing process, this correlation is required.

A further description of the experimental apparatus as well as the operating procedures can

be found in reference).

2.2 Brief Description of Flow Observations

Typical flow phenomena observed in the test section duing the line blowing process can be
described as follows.

As the mainfold valve begins to open,-air is blown into the horizontal pipe and the single
bubble slug is formed. The front of the bubble is rounded and leans over to upper.side of the
pipe. Water remains in the form of the water layer with the gas passing above. After the front
of the bubble slug.passes through the horizontal pipe, the air front travels downstream of the 10
mp in the form of 'continuous single bubble slug and decreases the amount of water in the 10
mp. Consequently, the back pressure rapidly decreases and approaches to the atmospheric
pressure. For the experimental apparatus provided with the CPV, the CPV maintains the back
pressure of lkg.f/csz minimum accompanying pressure fluctuation due to chattering. When
the rounded nose of the bubble reaches to the outlet of the pipeline, air-water mixture is
Viblently blown out. Then the air flow with entrained droplets is observed. The air pressure in
the storage tank and the air velocity decrease with time and the line blowing will come to an
end. )
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2.3 Model for Line Blowing -
Fig. 5 shows the typical flow patterns observed and the flow models. in the test section.’
Following to the arrangement of the experimental apparatus, two ‘cases are 111ustrated
1) discharge water from the horizontal plpe through- the 10 m long vertical . riser plpe
2) discharge water from the horizontal pipe through the constant pressure valve
- The process of the line blowing is divided and modeled into three stages according to the
location of the front of the bubble slug along the plpelme Fig. 7 shows the notations for the
model.

(i) stage 1:Air blown into the horizontal pipe filled with water forms the single bubble slug
and the front of the bubble moves to the outlet of the pipe. Water remains m the form of the
water layer with the air passing above. Water is blown from the outlet of the pi‘pell_ine. Water
in the vertical pipe remainé full. Axial coordinate of the bubble front z measured:;from the
outlet of the pipeline is h<z<I+h. o
In case of the CPV test arrangement, h—0.

In Fig. 4(a), the bubble slug velocity in the horizontal pipe Vgu is plotted against j,; assuming
i,=ig and’ compares well with the following correlationr proposed by Sakaguchi et al'?,

Veu=igtVo - o » (1)

where Vo is the velocity of the gas cavity concerning to the steady. gravity current of the
statlonal liquid in the oorrespondmg horizontal pipe. V; is a function of the pipe dlameter and
took the value obtalned from the Zukoski's paperm '

Since j,=j, we obtaine the relation of

- g
VgH I_R/H (2)

- From Egs. (1) and (2), we have the cqrrelation of local remaining Wgter rate-in the bubbling
slug

Vo . ]
Ri=- : 3
Ry igt Vo ( )‘

Equation (3) was compared with the experimental data in Fig. 6 and shows good agreement
So, eq. (3) was used in analyzing the line blowing process in the horizontal pipe.

“(ii) stage 2: The front of the single ‘bubble slug. travels downstream of the vertical pipe (0
<z=h). The velocity of the bubble slug in the vertical pipe is given by (Fig. 4(b) and Nicklin
et al.l¥) o ' ~ ' '

Vey=12j,+0.35/gD ‘ , : (4

Similar relation to eq. (2) is obtamed for the vertical pipe. Then the local remaining water
rate in the vertical riser plpe is~ '

'0.2jg+0.35v gD

Rv= 127, 7035/5D | (5)
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Over full length of the hor1zonta1 p1pe water remains as the 11qu1d layer with the gas
passing above. Water is blown from the outlet This stage does not appear in case of the CPV
test arrangement.

(iii) stage 3: This stage starts after the front of the bubble slug reaches at the outlet of the
pipeline. Water in the liquid film moves downstream of the pipe and is carried away in the form
of droplets due to the forees. exertedtqn liquid film by the fast moving gas. Air flow with small
droplets is observed (z=0).

3. ANALYSIS

Fig. 7 shows the notatlons used to develop the model for the hne blowmg The 10 mp test
arrangement case is described. The test arrangement consists of the air storage tank, the air
supply hose, the horizontal pipe, the manifold valve and the vertical riser pipe. For the CPV test
arrangement, same equation as described below' can be used, but putting h—>0, and atmostpheric
pressure Py=back pressure= lkgf/csz The followmg assurnptlons are made in the proposed
model and its analysis. - Cee s e e

1) Flow is one-dimensional. '

2) The inclination angle of the horizontal pipe is zero.

3) The volume of the air storage tank includes. the volume of the.air supply hose.
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Fig. 7 Notations for the model

4) The control volumes of the air storage tank, the horizontal pipe'and the 10 mp are

connected with the junction such as the air supply hose and thel_manifo!d valve.
5) The pressure and temperature are assumed to be constant withinv the control volume.
6) The water flow rate and the air flow rate (air velocity) are evaluated at the junctior}s. ;
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3.1 Supplied Air Flow Rate to the Horizontal Pipe _
The discharging air flow rate from the air storage tank can be expressed as (8

[ 9 \&+D/e-1) P, 1/2
CAZ{Kg( k+1 0—11}

VW= for ciritical flow 6=P,/P;<0y
1

172
CAz{Zg 5 i—:(azfﬁ—(s(“”/ﬂ)}

for not critical flow 6>6,,

where ¢ is the contraction coefficient (=0.6), A,=zd%/4 (area of air supply hose) and On=

r/(k+1) o
(/c+1 ) (=0.5283 for k=14 (air)):

From eq. (6), _fwl is determined from P, and the unknde quantity P,. Air flow rate
through the air'su'pply .hose: (assuming isothermal Change) is ‘

. 1 Md. ' 12 ’ T o
W,= dz{zﬁRTz s Pm,o} » N2

where B is same physical property as ¢{/2g. The recommended value of ,B'is'B=10.5>< 1074
(s*/m).

Air mass balance requires the relation V'V1+V.V2=0 Therefore, unknown quantities P,
and W, can be calculated by iteration if the pressure at the inlet of the horlzontal pipe Py is
given. Using the annular flow friction factor ¢ppe™® , Py is expressed as

For stage 1

Vi 05 * —
Pun=Pu+{1ee Sgog D h+l—z) . (8-1)
For stage 2 and 3

V2 0.50
PHIN*PH+§TPG 2goy D . ; (8-2)

but

_{0.02(1+300y/D)(D/(D—-2y)) for y/D>0.023
™6 10.16 (D/(D—2y)) . for y/D<0.0233

where y is the mean film thickness.
3.2 Motion of Bubble Front

Refering to ﬁgure7 the one- dlmensmnal force (per unit area) equations can be written as
follows,

for flow stage 1 (horizontal pipe)
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i3

Vi 05 (h+1—2)

7, 2 Z(t)
Pu—Po={1pq Sgun D +{ 2¢ 0 D
Y 2 1, 7 diy (10—
+&, 2g i +H&v T 2g + g dt zZ(t)+7h | (10 _1’)

The six terms on the right side can be regarded as the two phase frictional, the water
column frictional, the bent loss, the valve loss, the acceleratlonal and the gravitational compo-
nents of the force, respectively.

For ﬂow stage 2 (vertical pipe)

e ) o |
PV Fo= f‘rPG Zoy D R 221(3” SR LU S o)

and for flow stage 2 ((h—z) is replaced by ‘h for stagé 3)

C VA 051 Vi 05(h—z)
PH Pv CTPG ng e 5 280y e ':(D‘ )
Vi v 1 . S
+§b 2gvy oy 2guy gUH Vv—Vi) ‘ ' ‘ (10__3)

where { is the single phase friction coéfficient, £, is the valve loss factor ap‘pr'oxi'rnated by &=
10 EXP (744—wt)/23.4)'", £, is the elbow loss factor (=1.13)®, and w is the angular velocity of
the valve opening.

The term dj,/dt can be calculated from Egs. (10-1) and (10-2), thus iy is ob‘tained by an
integration of dj,/dt over the time. The location of;‘the bubble front z(t) is obtained from

z(t)=h+l—fi;¥Ldt (11)

where
a=1—Rj and j,=j,

Py and Py in Egs. (10-1), (10-2) and (10-3) are deﬁned as the average air pressure in the
horizontal and vertical pipe, Vy it the gas velocity in the horizontal pipe, Vy is the gas velocity
in the vertical pipe, respectively. These’ pressure can be calculated from the relatlon (assummg
isothermal change) P=RT/v:. The air volume is obtained from the" remammg quantlty of water
W, in each volume (for example, the a1r volume m horlzontal pipe: nD21/4 WZH/')',)

The quantity of the remaining water can be expressed as,
for flow stage 1

W= D= J j,d) - o BGERY

for flow stage 2

W= 7, (@ + Qer) : - (12-2)
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Wiy= 7D (h+i— [ j,dt) = Wy, B oA
for flow stage3

W = =7 (Qmt Qen) (12-2)

Wzv VI(QzH“f"CleH Qv— Qev) ‘ F. . . o ‘(13—'2)

where q,; is the volumetric film flow rate and q. is the volumetric droplet flow rate (entralnment)
generated by the air flow. : .

The velocities of the film and droplets for stage 1 are assumed to be much less than the
bubble front velocity j,/a, thus the quantity of the remainig water in the horizontal pipe is not
affected by q, and q.. Ink flow stage 2 and flow stagé 3, these effects will be appeared. In flow
stage 2, the quantities of g, and q, are probably small, because the air velocity is not so. high and
is same order as j/a. However, the air velocity is so high that the effects of q; and g, on the
remaining water rate can not be neglected in flow _stage 3. v

The available theory and correlation for q; and q, for the present expeﬂmental system are
not found. Following the theory and correlation are employed for similar conditions as present
work.

. Levy™ have made an analysis of the velocity of the liguid film. From the force balance, the
wall shear stress, 7, is ’ : '

Lree.

_ 2
= Togy SEe-VE (14)
A diménsibnléss distance from the wall vyt is

'y+=§7\/m/g o (15)

A dimensionless volumetric flow rate of the water in the film may be obtained by integrat-
ing the universal velocity relationships from the wall to y™.

05y*% o for y*<5 ‘
a'=1125-805y* +5y*ln y*  for 5<y*<30 e
;—64+3y +2 5y+ln yt - for yT =230, ‘

The volume flow réte of the watef film _rﬁay bé expressed in dirﬁ.‘ensional form as

Dz g

Dy, (17)

The method developed by Collier™® was used for estlmatlng the liquid flow rate as droplets
carried to the gas stream.

- dp ¢
5 9g AP
787><10 g, dz W,

(18)
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where qg is .the volume flow rate of air and W, is the critical Weber number (recommended

value is 13), and

{949.1)(2564 ‘ for X>0.08
(X/2)828 , for X<0.08

where X is the Martinelli parameter, 1=0.105—0.00125V, and

4. COMPUTATIONAL PROCEDURES'

(19)

The system of equations (1) to (20) has been numerically integrated with respect to small
time step At from the start of opening of the manifold valve. Each variable is integrated
explicitly. Flow of calculations for the 10mp test arrangement case is shown in Fig. 8.
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1) Put the values of each variable or carry out preliminary calculation at valve opening t=0.
2) Set new time t=t+At oo

3) Estimate the pressure of the air storage tank at the exit P, from the value of one time step
before.

4) Calculate Py from eq. (8-1) and using it, obtain the unknown quantity P, from the relation
W +W2——O by iteration. , :

5) Calculate the flow resistances (re51stances of smgle phase ﬂow two phase ﬂow bend and
valve). ‘

6) Analyze the flow stage depending on the location of the front of the bubble slug.

i) If z>h, carry out the flow analysis in the horizontal pipe (calculations of Py, vy, Vi, ay and
jm and the dynamic analysis (dzz/dt2 ~dz/dt and 2) for flow stage I.

ii) If 0<z<h, carry out the flow analysrs in the horizontal and vertical pipe (calculations of PV,
vy, Vy, ay and jy) and the dynamic analysis' for flow stage 2, and' calculate q, and Qe transferred
from' the horizontal pipe to the vertical pipe. : ‘ '
iii) If z<0,.carry out theflow analysis in the horizontal and vertical pipe for flow stage 3, and
calculate q; and q, transferred from the horizontal pipe to the vertical pipe, and from the vertical
pipe to the atmosphere, respectively. In this case, the dynamic analysis is not needed because
the water column in the vertical pipe does not exist..

7) .End the calculation if the pressure at the horlzontal plpe fall to the atmospheric pressure or
the time attains to the given calculation time. If not, return to step 2.

5. COMPARISONS WITH DATA

The results predlcted by the analysis were compared Wlth the experimental data obtained
from the two different expenmental apparatuses.

5.1 10m. Long Vertlcal Riser Pipe Case - o :

Predictions of the pressure variation with the time are- compared with the test results for the
typical experimental conditions in Figs. 9-to 11 (Fig. 9 shows the comparison with the data for
4-in. pipeline, P;,=>5 kgf/cm?G, Q;=0.083 m®, Fig. 10 shows the data'for 6-in. pipeline, P,,=5 kgf
/cm®G, Q;=1.09m® Flow stages 1, 2'and 3 are seen in Figs. 9 and 10. Fig. 11 shows the
comparison with the test results of stage 1 for 4-in. pipeline, P;,=38 kgf/cm?G, Q,=0.083 m?).

Agreement with the experiment for 4-in. pipeline is seen on the whole to be very good and
the present analytical model is considered as satisfactorily simulate the pressure variation during
the line blowing process. However after the front of the bubble slug attains to the vertical riser
pipe, namely, after the pressure peak in the back pressure appears large pressure fluctuations are
observed in Fig. 10. In 6-in. pipeline, wave appeared on the surface of the liquid layer at the
tail of the long bubble slug as the gas moves downstream of the horizontal pipe. Because the
thickness of the liquid layer increases and approaches to the upper side of the horizontal pipe,
finally bridges the pipe and blocks the gas flow. So, pressure oscillations occur two to three
times as a result of the bridging. This phenomenon is not predicted in the analysis.
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The remaining water data in the horizontal and vertical pipe for various pressure and the
Volume of the air storage tank, the full open time of the- manlfold valve, the dlameter of the
plpehne the diameter of the air supply hose and the stopplng ‘mode of the line blowmg were
compared with the results of analysis in Figs. 12 to 18. The data for the horizontal pipe show

close agreement with the predictions.
higher than the data.
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5.2 Constant Pressure Valve Case , :
Predictions of the pressure variation with the time. during the line bloewing were compared:
with the. data for. typical experimental conditions .in Figs. 17 and 18 (Fig. 17 shows -the
comparison with the data for.4-in. pipeline, P,o=>5 kgf/cm?G, Q;=0.083m?, Fig. 18 shows -data
for 6-in. pipeline, P;3=5 kgf/cm?G, Q;=1.09m%. Flow stages 1 and 3 are seen in these figures.
Pressure fluctuations about 10 Hz due to chattering occur when air and water two-phase flow
through the constant pressure valve. Pressure osmllatlons due to bridging of water are also
observed in Fig. 18. Pressure ﬂuctuatlons ‘and pressure oscillations cannot be accounted for by
present analysis. However, it appears that the results predicted by theory are on the whole in
agreement with the experimental results. Next, the results predicted. by the analysis were
compared: with the remaining water data. Good agreement with the data over a wide range of
the experimental variable is shown in Figs. 19-and 20. . The back pressure maintained: by .the
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Fig. 20 Ruy vs Py, (D=6-n, at the end of stage 1)
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constant pressure valve deviates from the preset value while water is discharged from the pipe.
Figs. 21 and 22 show the effect of increasing back pressure by 20% on the remaining water rate. -
As seen, the effect of increasing back pressure by means of the constant pressure valve on the
remaining water rate is considered to be small. Consequently, calculated remaining water rate at
the condition of back pressure=1kgf/cm?G gives reasonable approximate value.

6. COMPARISON OF CALCULATED Rye WITH CALCULATED Ry,

Calculated Ryp were compared with calculated Ryy at the end of stage 1-.in Figs. 12 and 20.
The back pressure maintained by the CPV and by the 10 mp is same value in static stage but
is not same value in transient state. The small difference between Ryp and Ryy may be due to
the influence of inertial force by the water column in ‘transient state. However, the agreement
between calculated Ryp and calculated Ryy is good. The experimental data of Ryp and Ryy also
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0.5r Q,=0.013 n® | 0.5
& &
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Fig. 21 Effect of increasing back pressure on remainig water rate in
horizontal pipe for CPV experimental apparatus
(D=4-in,, at the end of stage 1)
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Fig. 22 Effect of increasing back pressure on remainig water rate in
horizontal pipe for CPV experimental apparatus
(D=6-in., at the end of stage 1)
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agree well'. This probably means the effect of the method for mamtamlng back pressure on Ry
is small. Representing the ideal limiting case of the llne blowmg (Ry+7n=1) is also shown in
Figs. 12 and 20. The agreements of calculated Ry with the ideal line blowing line are-good at
higher remaining water rate but calculated Ry deviates from: the ideal line at lower. remaining
water rate. The effectiveness of the line blowing decreases at lower remaining water- rate.

7. EFFECT OF PIPELINE LENGTH ON Ry

In unloading the cargo tanks of the chemical tanker, a long horizontal pipeline is equipped
on land followed by the cargo piping on-ship’s side. .So the effect of pipeline length on Ry was
investigated. Predictions of Ry for the 10 mp test arrangement are shown in Fig. 23. Ry at the.
end of flow stage 1 decreases with. the length for certain length of the pipeline because the
velocity of the bubble front increases with length ofjthe pipline.

1.0 —
- AT THE END OF

- STAGE 1
0.5} \, /

R

0.1F

0.05 . i I 'In.;ulv 1 ! ‘l.n;i
) 10 50 100 500
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Fig. 23 Effect of horizontal pipe length on RHP for 10 mp experlmental apparatus
" (D=4n, P10*5 kgf/cm?G, Q1—0088m T= 595ec)
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Fig. 24 Effect of vertical pipe length on Ry for 10 m length horizontal pipe
(D=4-in., at the end of stage 1, P;;= bkgf/cm?G, 7=5. 9 sec)
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8. EFFECT OF BACK PRESSURE ON Ry

- The effect of back pressure on Ry for varying length of the vertical riser pipe is shown in
Fig:24. It can be seen that the remaining water rate increases sharply after gradually increased
with increasing the back: pressure. '

' 9. CONCLUSIONS

Physicallay based models for the line blowing were used to calculate remaining water rate in
the horizontal pipe for the experimental apparatus maintainted the back pressure by the 10m
long vertical riser pipe and the constant pressure valve ‘set at 1kgf/cm?G. The test results have
been compared with the analytical results. The model predicts well the'line blowing pfocess.
Good agreement with the data for the remaining water rate in the horizontal pipe at the end of
the flow stage 1 is obtained. Analysis suggests that the effect of increasing back pressure of the
constant pressure valve on Ry is small and that the constant pressure valve has equivalent
performance to the 10 m. long vertical riser pipe.
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