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Appendix A

Calibration of Instruments and Connecting Pipes
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A.1 Pressure Transmitter Used to Measure Test Chamber

Pressure

Endress+Hauser make pressure transmitter of model no. Cerabar SPMCT71:
A50CB20109C was mounted on the top of the test section to measure the air pressure.
The pressure transmitter was factory calibrated and calibration results are shown in Table

Al

Table A.1: Calibration data from pressure transmitter located at test section

% of span | Pressure input | Expected | Actual
(bar) (Volts dc) | (Volts dc)

100 10.0 5.0000 5.0005
75 7.5 4.0000 4.0007
50 5.0 3.0000 3.0001
25 2.5 2.0000 2.0003
0 0.0 1.0000 1.0001

A.2 Pressure Transmitter Used to Measure Phase Separators

Pressure

Two Honeywell ST 3000 pressure transmitters of model no. STG140 were used in
the experiment to measure the pressure of 1PH, and 2PH. Each pressure transducer was
factory calibrated. Calibration results of both the pressure transmitters are shown in Table
A.2 and Table A.3. The manufacturer calibrated the pressure transmitters with air at 26°C

temperature and with 69% humidity.
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Table A.2:Calibration data from pressure transmitter located at 1PH

% of span | Pressure input | Expected | Actual
(bar) (Volts dc) | (Volts dc)

100 10.0 5.0000 4.9998

75 7.5 4.0000 4.0001

50 5.0 3.0000 3.0003

25 2.5 2.0000 2.0001

0 0.0 1.0000 0.9997

Table A. 3 : Calibration data from pressure transmitter located at 2PH

% of span | Pressure input | Expected | Actual
(bar) (Volts dc) | (Volts dc)

100 10.0 5.0000 5.0001

75 7.5 4.0000 4.0000

50 5.0 3.0000 2.9997

25 2.5 2.0000 1.9997

0 0.0 1.0000 0.9992

A.3 Water Mass Flow Meter

A mass flow meter operating on coriolis measuring principle was used in
experiment to measure the water flow rate discharging from phase separator. The mass
flow meter was installed at the downstream of the 1PH. The mass flow meter was factory

calibrated with water. Calibration results of the mass flow meters are shown in Table A.4.
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Table A. 4 : Calibration data from a mass flow meter located at downstream of 1PH

Flow | Flow | Duration Target Measured Deviatipn of Output
mass mass reading

(%) | (kg/hr) | (9) (kg) (kg) (%) (mA)
20.0 | 720.4 30.0 6.009 6.0116 0.028 7.20
34.7 | 1249.6 | 143.8 49.930 49.928 -0.003 9.55
50.0 | 1799.6 | 99.8 49.898 49.894 -0.007 12.00
74.3 | 2673.7 67.4 50.067 50.066 -0.002 15.88
100.1 | 3602.5| 50.0 50.037 50.038 0.000 20.01

A.4 Calibration of Liquid Height

The objective was to calibrate the measured liquid height seen through the

recording camera with respect to the actual height of the liquid in the glass tube. The

calibration was done over the range of 2.25 mm to 59.00 mm of liquid height in the liquid

level indicator as shown in Figure A.1.

A.5 Calibration of Connecting Pipes

The objective was to calibrate the connecting pipe for varying AP with fixed

opening of the control valve located at the downstream of the branch. At each AP of 0.25,

0.50, 0.75, 1.00, 2.00, 3.00, 4.00 and 4.50 bar the variation in Fry, within the operating

range of AP is shown in Figure A.2.
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Figure A. 1 : Calibration of liquid height
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Figure A. 2 : Calibration of connecting pipes for varying AP
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Appendix B

Estimation of Uncertainty
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This appendix provides the measure of the reliability of the experimental results.

B.1 Experimental Uncertainty in the Data

Kline and McClintock (1953) and Moffat (1988) method was followed for

estimation of experimental uncertainty for independent and dependent variables. All

the uncertainties estimated are at “odds” of 20 to 1. The uncertainties include the

accuracy of the calibrating device, the error in fitting an equation (for computer data

reduction) to the calibration data, discrimination uncertainties in the measuring

instruments and unsteadiness in the process.

If the result R is the function of an independent variable vy, v»,... v,, each of

which is normally distributed, then the relation between the interval for the variables

wvs, and the interval for the result wR, which gives the same odds for each of the

variable and for the result is

Rt [(Ro) (R, ot (v B
WR ==+ aVlWV1 v, wvy | +..... avnwvn .
The relative uncertainty in the result is represented by:
R IR wvi\2 [ OR wvy)2 R wv\2]”
wR_ <_ﬂ) +<_w> +...+< WVn) (B2)
R dv; R dv, R dv, R

B.2 Uncertainty in Py

The instrument uncertainty of the pressure transmitter used to measure the air

pressure in the test section and the uncertainty due to the fluctuation in the process

was calculated as follows;
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WPrc - (WPTC,T)2 n (WPTC,P)2
PTC PTC PTC (83)
B.3 Uncertainty in Ppy

The instrument uncertainty of the pressure transmitter used to measure the
pressure of the phase separators and the uncertainty due to fluctuation in the process

was calculated as below;

wPpy WPpy T 2 WPpy p 2
oy () (o »
B.4 Uncertainty in AP

Applying equation (B.2) to equation (B.5), the relative uncertainty for the

pressure drop across the branches is calculated using equation (B.6).

AP = (Prc — Ppy) (B.5)
AP ”
OPrc
dAP
= (-1
AP_+'(0AP . )2+(6AP )2'1/2
VAT P T Py | PH
] 5 5 11/2
wAP 4 (aAP WPTC) 4 (aAP WPPH)
AP — ~[\oPyc AP 0Ppy AP

2 271/2
wAP + l(l ! P ) + ( 1 ! P, ) l
— =+ —_—Ww -1 —w

AP (Prc — Pp) ~ °© (Prc — Ppr) 1
1/2

VZ_A: =3 l( (PTZINET;PH)) * (_ (PTZVEP;PH)> l =0
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The uncertainty interval quoted by the manufacturer is £0.015 bar for the Prc

and +0.019 bar for the Ppy.

B.5 Uncertainty in pg¢

Applying equation (B.2) to ideal gas law equation (B.7), the relative

uncertainty for the density of air within the test section was calculated using equation

(B.8).
_ l:)TC,abs
P6 = R, (B.7)
al:)TCabs (RGTG)
a _ l:)TCabs
dRg R’Tg
a — 1:)TCabs
dTg ReTe?
2 2 2 2
ap ap dp 2
=+ S _ wP —5 wR S WT,
WpG - <6PTC,abS w TC,abS) + <6RG w G) + <aTG w G) ]
2 2 211/2
wp, apG WPrc abs apG wR¢ apG wTg
— =4 + |l +|==—
Pg aPTC,abS Pg aRG Pg aTG Pg

2 2
wp 1 RgTg —Prcans RgTe
_G = i <R T P— WPTC,abs + 7 aos P WRG
GG I'TC,abs R(; T(; TC,abs

2

—P R T,

+< TC,alzjs G1G WTG> I
R(;TG PTC,abs
5 1/2

wp. <WPTC,abs > ( WRG)Z ( WTG>2
—S =4 _~abs +[——2) +[-——=2
P Prc,abs Rg T

The error in the characteristic gas constant is assumed negligible, wR; = 0.

1/2
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w wP. 2 wTg\? 12
pG =+ < TC,abs ) + (_ G) (88)
[ Prc,abs T
The uncertainty interval quoted by manufacturer for Tg is +0.5 °C.

B.6  Uncertainty in Ap

Applying equation (B.2) to the equation (B.9), the relative uncertainty for the

Ap was calculated using equation (B.10).

Ap=p,—Pg (B.9)

WAp _ + (WpL )2 + ( WpG)Z 1/2
dp T\ Bp Ap
wp, = 0 (negligible)

1/2
wAp WPG)Z
— =4 |-
Ap = l( Ao (B.10)

B.7 Uncertainty in m,,

The uncertainty quoted by the manufacturer for my, is given below;

| 6— 1, 9 (B.11)
% Errorin flow = + { 0.25 + ( 14 )+ (1000 X 1 )
L
for2.5 <m; <6
| P 9 (B.12)
% Error in flow = + ( 0.05 + ( 30 )+ (1000 X m )
L

for6 < mp, < 12

(B.13)

% Errorin flow = + <0.05 + (1000—Xm >>
L

for m;, > 12
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B.8 Uncertainty in hggg

The uncertainty in measuring hggg was + 0.25 mm due to minimum

visualization accuracy of the human eye while reading the flat rule scale.

B.9 Uncertainty in Fry,

Applying equation (B.2) to equation (B.14), the relative uncertainty for the

Froude Number is calculated using equation (B.15).

41y,
nJg d®p, (p, — Pg)
JFry, 4
n\/g ds p, (p, — Pg)
oFry, 4 mp, ( -1 >
% J d® p, (p, — pg) 28"

aFI‘L_ 4‘mL ( _5 >
od  mfgp (p,—pg) \2d7?

(B.14)

aFrL _ 4 th ZPL - pG

T 3/2
P m/gd 2 (pL(pL - pG))

aFrL _ 4 th pL

ap - [ 5 3/2
¢ med |2 (pL(pL - pc))
(aFrL . )2 4 (aFrL )2 4 (aFrL d)z N 0Fry, 2
orny, L og B ad ap. P

L
n aFrL z
ap, WPg

WFrL = i

1/2
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wlry, 4 (6FrL wth)2 (aFrL wg)2 N (aFrL wd)2 N oFr;, wp, 2
FrL - amL FI‘L ag FI‘L ad FFL apL FI‘L
1/2
(EiFrL WpG)zl
+ —_—
apG FFL
wFry,
FrL

2

4 nJgd5 P (P, = Pg) \

- thL
4 m
nJgd5 Py, (pL_pG) - /

:ii

2

4r'nL -1 n\/gdS Py, (pL_pG) \
+ ( - wg
2 3/2) 4 m
anS pL(pL_pg) 8 - /
2
/ 4mL -5 n\/gds Py, (pL_pG) \
+ ( ) - wd
\n\/g p (P, —Pg) \2d7/2 . /
2
4 my, ZpL —Pg ﬂJg ds PL (pL - pG) \
+ - - wp
[o d5 3/2 41m L
wed 2 (pL(pL - pG)) g /
2]1/2
4, o, nJg d® py, (P, = pg) |
: wp
[ d5 3/2 4 h G
wed |2 (pL(pL - pG)) g / J
wFr, _ (WmL)Z N (—_1 w_g)2 N (—_5 W_d)z N (_ (2p, = pg) Wpy, )2
Fri, o my, 2 g 2 d ZpL(pL — pG)

271/2
1 wpg
o
(P.—Pg)
The error in the density of liquid and error in gravitational acceleration was

assumed negligible, wp, ~ 0 and wg = 0.
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wriy \ 2 —5 wd\? 1 wpg 2|12
) + (1) +<zm>] (B15)

Vernier caliper was used to measure diameter of the branches having

uncertainty interval of +0.01mm.
B.10 Sample Calculation for Estimation of Uncertainty in the Data

The sample calculation is shown for the set no. 1-1.1.
B.10.1 Uncertainty in Pyc

The atmospheric pressure was noted with the help of barometer as,
Barometer reading = 29.52 inches of mercury.
The atmospheric pressure in bar was calculated as,

1 bar = 29.9213 inches of mercury (Perry’s Chemical Engineers” Handbook, 1999)

b _ B I ><1.01325
atm = Barometer Reading X —o—omm
29,52 1.01325
= . X —
29.9213

= 999.660 x 10 “3bar = 1.00 bar

The uncertainty in Prc measurement by pressure transmitter was, wPrc = *

0.015 bar.
WPTC,T (0015 )
- = X

Prc * 5005 * 109
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= +299.700 %

The uncertainty in Prc measurement due to fluctuation in process was wPr¢ p=

+ 0.06 bar
WPTCP (006 )
== 4 (——x1
Pe T \5.005 <100
=+ 1.199%

The uncertainty in Prc measurement due to uncertainty in pressure transmitter

and fluctuation in process was calculated using equation (B.3):

WP Pren\2 Pre o\ 2\
TC _ + (W TC,T) " (W TC,P) % 100
Prc Prc Prc
., <0.015)2 o 0.06 >2 " oo
— —\\5.005 5.005
= +1.236%
P + (1'236 5 005)
= X .
Wire = T {00

= +61.862 X 1073 bar

B.10.2 Uncertainty in Prc aps

Absolute gas pressure in test chamber was calculated as follows,

The measured test chamber was Pr¢ = 5.005 bar.

PTc,abs= PTC + Patm
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=5.005 + 1.00 = 6.005 bar
wP,tm = 0 (negligible)
= The uncertainty in Prc o,s measurement was, wPrc aps T = WPrcr = £ 0.015 bar.

WPTC,abs,T I (0015

6.005 100)

Prcabs
= 4 249.792 x 1073 %
The uncertainty in Pr¢ ,ps measurement due to fluctuation in process was
WPrc abs,p= WPrcp = + 0.06 bar

WPTC,abs,P — ( :
Prcabs \6.005

X 100)
= 4 999.167 x 1073 %

The uncertainty in Prc,ps mMeasurement due to uncertainty in pressure

transmitter and fluctuation in process was calculated as follows:

5 o\ 1/2

WPrcabs + (WPTC,abs,T) N <WPTC,abs,P> « 100
lDTC,abs N PTC,abs PTC,abs
1/2

. (0.015)2 N ( 0.06 )2 < 100
— —\\6.005 6.005

= +1.023%

P = + (1'023 X6005)
w TC,abs - = 100 "
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= +61.431 X 1073 bar

B.10.3 Uncertainty in Ppy

Absolute gas pressure in phase separator was calculated using equation (B.4),

The measured phase separator pressure was Ppy = 4.75 bar.

Poyabs= Prer + Patm

=4.75+1.00

=5.75 bar

The uncertainty in Ppy measurement by pressure transmitter was wPpy 1=

+0.019 bar
wP, 0.019
PHT _ 4+ <— X 100)
Poy 4.75
= +0.400 %

The uncertainty in Ppy due to fluctuation in the process was wPpy t= £0.02 bar.

wP 0.02
PHP _ 4 (— x 100)
Pory 4.75

= +0421 %

The uncertainty in Ppy due to pressure transmitter and fluctuation in the

process was calculated as follows:
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/2
wP, wP 2 wP 2\

PH _ + (( PH,T) +( PH,P) ) % 100
Ppy Ppy Ppy

1/2

_ . (0.019)2 N (0.02)2 < 100
— —\\475 4.75

= +0.581 %

0.581
WPPH = + (

+ 100 ><4.75)

= 4 27.598 x 1073 bar
B.10.4 Uncertainty in AP

The pressure difference between across the branch was calculated using equation

(B.6).
=5.005 — 4.75
= 0.255 bar
AP P 2 P 291/2
w. =il( WErc )+<— Wrpy )l % 100
AP (Prc — Ppy) (Prc — Ppy)
1/2
_ [ (6reez x 1073\° o[ 27598 x 103\? %100
= 0.255 0.255)
=+ 26.653 %

AP = + (26'653 X AP)
waE =T {100
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26.653
s

100 ><0.255)

= 4+67.965 x 1073 bar
B.10.5 Uncertainty in Tg
The gas temperature was noted down in the test section as,
T =28.0°C
=28.0 + 273.15
=301.15K

The uncertainty of the thermometer was given as 1% of the Full Scale
Deflection (FSD), and FSD was 50 °C, therefore uncertainty in gas temperature

measurement was calculated as follows,

wTg = + 1% of FSD

=t (1— (50 + 273.15))

100

= +3.232K
wTg 3.232

= i( X 100)
Te 301.15

=+ 10.73 x 1073 %

B.10.6 Uncertainty in pg¢

The gas constant was obtained from Perry’s Chemical Engineers’ Handbook

(1999) as,

R¢ = 287.15 ki/kg. K
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The density of gas obtained by treating the gas as ideal gas,
— (PTc,abs)

Pe ™ Re T
_( 6.005 x 10°
~ \287.15 x 301.15

= 6.944 kg/m3

The uncertainty in the density of gas was obtained using equation (B.8) as,
2 2
<WPTC,abs > " (_ WTG)
Prcabs Te

1/2
61.431 x 103 2+< 3.23 )2 / < 100
6.005 301.15

=+4+1.482 x1073%

1.482 x 1073
Wpg = | 55— X P

Wpg
PG

Il
+

t

100

+

(1.482 x 1073

X 6.944
100 )

= +102.910 x 1073 kg/m3

B.10.7 Uncertainty in Ap

The density of liquid (at Tg = 28.0 °C) was obtained from Perry’s Chemical

Engineers’ Handbook (1999) as,

p_ = 996.233 kg/m’

The difference in density of liquid and gas was calculated as,
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Ap=p, —pg

= 996.233 — 6.944

= 989.289 kg/ m®

The uncertainty in the Ap was calculated using equation (B.10),

wA [ wpey 2]
_p =+ <_ﬁ) x 100
Ap [\ Ap
_ 1/2
_ [ tozotox 10T
= 989.289

=+ 10.199 x 10 73 %

Ao — 4 Ap x 10.199 x 10 3
wap = = 100

N 989.289 x 10.199 x 10 3
- 100

= +100.898 x 1073 kg/m?3
B.10.8 Uncertainty in my,
The mass flow rate of liquid was measured by the flow meter as,
my,t = 7.42 kg/min

The uncertainty in mass flow measurement due to flow transmitter in

percentage was calculated using equation (B.12) as,

Wil _ 005+(12_mL)+( ’ )
m;, O\ 30 1000 x iy,
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_ . 005+(12—7.42)+( 9 )
e 30 1000 x 7.42

=+ 203.880 x 1073 %

, 203.880 x 1073
aowiyp = + 50 X 7.42

= +15.128 x 1073 kg/min
The mass flow rate was measured with the fluctuation of +0.1 kg/min in process,
~ wmy p = £0.1 kg/min

The uncertainty due to the fluctuation in process was calculated as,

=+1348 %

The uncertainty in mass flow rate including the uncertainty of flow transmitter and

uncertainty due to the fluctuation in process was calculated as follows,

WmL - (WmL’T>2 n (Wri’lL,P )2 % 100
my, - my, my,

wri, 203.880 x 1073\ /1.348\2
— =4 + ( ) X 100
Ty, 100 100

=+136%
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=+ (1'36 X 742)
— —\100 '

= +100.912 x 1073 kg/min
B.10.9 Uncertainty ind

The uncertainty in the branch diameter of 9.0 mm was calculated as,

wd 4 (0.01 o 100)
d —\90
= +0.111%
B.10.10 Uncertainty in Fr,

The uncertainty in the Froude number was calculated by using equation (B.15) for the

calculated Fry, = 6.58,

- . 2 2 211/2
wFrp, wing, -5 wd 1 wpg
- () (22 (LM Y a0
FrL i my, 2 d 2 (pL — pG)
1
[ _5 2 1 2 E
= +((1.36)% + (7 X 0.111) + (E x 102.910 x 1073 ) l
= +1.389%
. (1.389 p 58)
= X 0.
WL = T\ 100

= +91.396 x 1073
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Appendix C

Experimental Data
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Table C.1 : Experimental data for single discharge

Series no. 1-1 Series no. 1-3
Patm = 100 bal' Patm = 100 bar
Activated line Activated line
Set Te Set Te
no. | (°C) B1 no. | (°C) B3
Fryp: | Prc | AP | hoggs1 Frups | Prc | AP | hoggss
(bar) | (bar) d (bar) | (bar) d
1-1.1 | 280 | 6.58 | 5.005|0.255 | 1.19 1-2.1| 285 | 652 |4.999 | 0.249 | 1.03
1-1.2 | 36.0 | 9.31 |[5021 0531 | 1.44 1-22 | 360 | 9.08 |5.000 |0.500 | 1.23
1-1.3 | 25.3 | 11.22 | 4.998 | 0.748 | 1.50 1-2.3 | 255 | 11.23 | 5.000 | 0.750 | 1.37
1-1.4 | 325 | 12.93 | 5009 | 1.009 | 1.61 1-24 | 325 | 12.96 | 5.014 | 1.014 | 1.56
1-15 | 28.0 | 1854 | 5017 | 2.027 | 1.81 1-25 | 285 | 1853 | 5.016 | 2.026 | 1.90
1-16 | 31.0 | 22.62 | 5.005 | 3.005 | 1.99 1-2.6 | 31.0 | 2257 | 5.004 | 2.994 | 2.04
1-1.7 | 275 | 25.88 | 6.004 | 3.994 | 2.07 1-2.7 | 28.0 | 25.89 | 5.996 | 3.996 | 2.18
1-1.8 | 225 | 27.29 | 6.002 | 4492 | 2.10 1-2.8 | 245 | 27.30 | 6.002 | 4492 | 2.26
Series no. 1-2 Series no. 1-4
Patm = 100 bar Patm = 100 bar
Activated line i i
Set | Te Set | Tg Activated line
no. | (°C) B2 no. | (°C) B4
Frug, | Prc | AP | hoggse Frips | Prc | AP | hoggpa
(bar) | (bar) d (bar) | (bar) | — q
1-31 | 28.0 | 6.53 | 5.000 | 0.250 1.27 1-41 | 285 | 6.37 | 4.996 | 0.236 1.42
1-32 | 36.0 | 9.14 | 5.009 | 0.509 1.52 1-42 | 360 | 916 | 5.001 | 0511 1.53
1-33 | 255 | 11.23 | 5.000 | 0.750 | 1.61 1-43 | 258 | 11.25 | 5.002 | 0.752 | 1.67
1-3.4 | 325 | 1288 | 4.992 | 1.002 | 1.69 1-4.4 | 325 | 1295 | 5012 | 1.012 | 1.76
1-35| 28.0 | 1844 | 5.014 | 2004 | 1.97 1-45 | 29.0 | 18.44 | 5003 | 2.003 | 2.07
1-36 | 31.0 | 2269 | 5028 | 3.018 | 225 1-46 | 31.0 | 22.65 | 5.000 | 3.010 | 2.26
1-3.7 1 275 | 2590 | 5.999 | 3.999 | 237 1-47 | 275 | 25.88 | 5992 | 3.992 | 2.35
1-3.8 | 225 | 2735 | 6.013 | 4513 | 248 1-48 | 235 | 27.32 | 6.001 | 4501 | 2.49
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Table C.1 : Experimental data for single discharge (cont.)

Series no. 1-5

Set | Te Activated line

no. | (°C) B5

FrL,B 5 PTC AP m
(bar) | (bar) d

1-51 | 285 | 6.57 | 5004 | 0.254 121
1-52 | 36.0 | 9.08 | 5.001 | 0.501 1.29
1-53 | 255 | 11.27 | 5.005 | 0.755 1.44
1-54 | 325 | 1292 | 5.007 | 1.007 1.46
1-55| 29.0 | 18.54 | 5.016 | 2.026 1.78
1-56 | 31.0 | 22.60 | 4.999 | 2.999 1.92
1-5.7 | 275 | 25.88 | 6.002 | 3.992 2.04
1-58 | 235 | 27.31 | 5.997 | 4.497 2.07
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Table C.2 : Experimental data for dual discharge

Series no. 2-1

Patm = 1.00 bar

Activated lines

Set Ts
no. | (°C) B1 B2
Fripi | Prci | AP | hoggpi | Frp, | Prca | AP | hogeg2
(bar) | (bar) d (bar) | (bar) d
2-1.1| 275 | 657 |5004|0254 | 1.24 6.53 | 4.990 | 0.250 | 1.16
2-1.2 [ 320 | 915 |5012 | 0512 | 1.44 9.01 |5.003|0493| 124
2-1.3 | 250 | 11.24 |5.001 | 0.751 | 1.61 11.30 | 5.000 | 0.760 | 1.32
2-1.4 | 315 | 12.84 | 4.996 | 0.996 | 1.70 12.97 | 4.996 | 1.016 | 1.41
2-1.5 | 31.0 | 18.43 | 5.018 | 1.998 | 2.02 18.42 | 4.995 | 1.995 | 1.63
2-1.6 | 30.5 | 2257 | 4.995 | 2.995 | 225 22.57 | 5.005 | 2.995 | 1.80
2-1.7 | 285 | 25.92 | 6.002 | 4002 | 2.33 25.85 | 5993 | 3.983 | 1.92
2-1.8 | 25.0 | 27.40 | 6.023 | 4523 | 2.36 27.37 | 6.005 | 4515 | 2.03
Series no. 2-2
Patm = 1.00 bar
Activated lines
Set Te
no. | (°C) B1 B3
Frypy | Prci | AP | hogepi | Frips | Prca | AP | hogegs
(bar) | (bar) d (bar) | (bar) d

2-21| 240 | 6.60 |5007 |0.257 | 1.13 6.52 | 5.000 | 0.250 | 1.00
2-2.2 | 340 | 9.03 |4.995| 0495 | 141 9.00 |4.981|0491| 123
2-23 | 240 | 11.36 | 5.020 | 0.770 | 1.53 11.28 | 5.008 | 0.758 | 1.34
2-24 | 31.8 | 13.30 | 5.050 | 1.070 | 1.67 12.85 | 4.997 | 0.997 | 1.50
2-25 | 320 | 18.42 | 4.994 | 1.994 | 1.90 18.43 | 4.997 | 1.997 | 1.78
2-2.6 | 31.3 | 22.60 | 5.020 | 3.000 | 2.10 22.50 | 4.987 | 2977 | 2.07
2-2.7 | 29.0 | 25.99 | 6.010 | 4020 | 2.27 26.06 | 6.031 | 4.041 | 215
2-2.8 | 255 | 27.31 | 5.995 | 4495 | 2.33 27.28 | 5985 | 4485 | 2.26
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Table C.2 : Experimental data for dual discharge (cont.)

Series no. 2-3

Patm = 1.00 bar

Activated lines

Set Ts
no. | (°C) B1 B4
Frp: | Prc | AP | hogepi | Frips | Prc | AP | hoggps
(bar) | (bar) d (bar) | (bar) d
2-31| 250 | 6.46 |4.995|0.245| 119 6.51 | 4.999 | 0.249 | 1.31
2-3.2 | 33.0 9.20 5.018 | 0.518 1.41 9.02 | 5.003 | 0.493 1.62
2-3.3 | 245 | 11.27 | 5.006 | 0.756 | 1.53 1129 | 5.009 | 0.759 | 1.67
2-34 | 315 | 1319 | 5011|1051 | 170 12.32 | 5.002 | 0912 | 1.81
2-35 | 32.0 | 18.37 | 5.003 | 1.983 1.99 18.43 | 5.006 | 1.996 2.04
2-3.6 | 31.0 | 2267 |5.035|3.015| 222 22.72 | 5.015 | 3.025 | 2.26
2-3.7 | 285 | 25.93 | 6.006 | 4.006 | 2.33 25.96 | 6.003 | 4013 | 2.38
2-38 | 255 | 27.32 | 5.997 | 4497 | 2.36 27.32 | 5996 | 4.496 | 243
Series no. 2-4
Pam = 1.00 bar
Activated lines
Set Te
no. | (°C) B1 B5
Frupg: | Prc | AP | hogesi | Frgs | Prc | AP | hogess
(bar) | (bar) d (bar) | (bar) d

2-41|275| 651 |4.999|0.249 | 1.10 6.58 | 5.005 | 0.255 | 1.18
2-42 1320 | 911 |5.006|0.506 | 1.33 9.12 |5.007 | 0507 | 1.35
2-43 | 250 | 11.23 | 5.000 | 0.750 | 1.44 11.23 | 5.000 | 0.750 | 1.46
2-44 | 315 | 12.88 | 5.002 | 1.002 | 1.64 1291 | 5.007 | 1.007 | 1.61
2-45| 295 | 1837 | 4.995|1.985 | 1.87 18.44 | 5.003 | 2.003 | 1.89
2-46 | 30.0 | 22.63 | 5.007 | 3.007 2.02 22.60 | 5.001 | 3.001 2.04
2-47 | 28.1 | 2595 | 6.003 | 4013 | 2.16 25.96 | 6.004 | 4014 | 215
2-48 | 245 | 27.33 | 6.011 | 4501 | 222 27.36 | 6.012 | 4512 | 218
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Table C.2 : Experimental data for dual discharge (cont.)

Series no. 2-5

Patm = 1.00 bar

Activated lines

Set Ts
no. | (°C) B2 B3
Frug, | Prc | AP | hogesz | Frups | Prc | AP | hoggss
(bar) | (bar) d (bar) | (bar) d
251|255 | 650 | 4.998 | 0.248 1.38 6.61 | 4.998 | 0.258 1.11
252|360 | 911 |5.014 | 0.504 1.61 9.15 | 5.010 | 0.510 1.39
2-5.3 | 235 | 11.28 | 5.008 | 0.758 1.77 11.23 | 5.000 | 0.750 1.53
2-5.4 | 31.5 | 13.07 | 5.023 | 1.033 1.97 12.79 | 5.007 | 0.987 1.76
2-5.5 | 33.0 | 18.60 | 5.007 | 2.037 2.48 18.49 | 5.020 | 2.010 2.01
2-5.6 | 31.5 | 22.72 | 5.034 | 3.024 2.71 22.72 | 5.014 | 3.024 2.35
2-5.7 | 29.0 | 25.96 | 6.014 | 4.014 2.85 25.93 | 6.023 | 4.003 2.46
2-5.8 | 27.0 | 27.33 | 5.997 | 4.497 2.99 27.34 | 5.990 | 4.500 2.63
Series no. 2-6
Patm = 1.00 bar
Activated lines
Set TG
no. | (°C) B2 B4
Frug, | Prc | AP | hogesz | Frips | Prc | AP | hoggsa
(bar) | (bar) d (bar) | (bar) d

2-6.1| 265 | 654 |5.001 | 0.251 1.46 6.54 | 5.001 | 0.251 1.64
2-6.2 | 36.0 | 9.19 |5.015 | 0.515 1.58 9.28 | 5.017 | 0.527 1.73
2-6.3 | 25.0 | 11.22 | 4.998 | 0.748 1.80 11.22 | 4.999 | 0.749 1.90
2-6.4 | 31.5 | 12.81 | 4.991 | 0.991 1.83 12.81 | 4.991 | 0.991 1.95
2-6.5 | 31.0 | 18.37 | 4.985 | 1.985 2.20 18.53 | 5.013 | 2.023 2.15
2-6.6 | 30.0 | 22.58 | 5.007 | 2.997 2.48 2247 | 4.974 | 2.974 2.32
2-6.7 | 28.1 | 25.90 | 5.998 | 3.998 2.60 25.96 | 6.014 | 4.014 2.43
2-6.8 | 245 | 27.40 | 6.016 | 4.526 2.71 27.35 | 6.008 | 4.508 2.52
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Table C.2 : Experimental data for dual discharge (cont.)

Series no. 2-7

Patm = 1.00 bar

Activated lines

Set Ts
no. | (°C) B2 B5
FrL,BZ PTC AP m FrL,BS PTC AP m
(bar) | (bar) d (bar) | (bar) d
2-7.1| 245 | 6.41 | 5.000 | 0.240 1.38 6.58 | 5.005 | 0.255 1.23
2-7.2| 350 | 9.13 | 5.007 | 0.507 1.52 8.94 | 4.992 | 0.482 1.46
2-7.3| 240 | 11.21 | 4.997 | 0.747 1.63 11.17 | 5.002 | 0.742 1.58
2-7.4 | 315 | 12.41 | 4.997 | 0.927 1.80 12.81 | 5.001 | 0.991 1.69
2-75| 320 | 1839 | 4.998 | 1.988 | 2.14 18.40 | 4990 | 1.990 | 1.95
2-76 | 31.0 | 22.75 | 5.031 | 3.031 | 2.37 22.69 | 5.019 | 3.019 | 2.18
2-77 | 295 | 2599 | 6.011 | 4.021 | 254 25.87 | 5.997 | 3.987 | 2.30
2-78 | 265 | 27.33 | 5988 | 4498 | 257 27.29 | 5.985 | 4485 | 2.47
Series no. 2-8
Patm = 1.00 bar
Activated lines
Set Te
no. | (°C) B3 B4
Frugs | Prc | AP | hogess | Frups | Prc | AP | hogg s
(bar) | (bar) d (bar) | (bar) d

2-8.1| 250 | 652 |5.010 | 0.250 1.11 6.51 | 4.999 | 0.249 1.50
2-8.2 | 36.0 | 896 | 4.984 | 0.484 1.42 9.07 | 4.999 | 0.499 1.62
2-8.3| 235 | 11.25 | 5.003 | 0.753 1.56 11.23 | 5.001 | 0.751 1.81
2-8.4 | 315 | 12.79 | 4.998 | 0.988 1.78 12.67 | 4.978 | 0.968 1.95
2-85| 340 | 1843 |5.004 | 1.994 | 2.12 18.38 | 4.993 | 1.983 | 2.32
2-8.6 | 315 | 2259 | 4.996 | 2.996 | 2.35 2252 | 5.011 | 2.981 | 2.63
2-8.7 | 29.0 | 25.90 | 5.995 | 3.995 | 2.43 25.94 | 5.998 | 4.008 | 2.69
2-88 | 27.0 | 27.35 | 5.993 | 4503 | 2.57 27.32 | 6.005 | 4.495 | 2.95
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Table C.2 : Experimental data for dual discharge (cont.)

Series no. 2-9

Patm = 1.00 bar

Activated lines

Set Ts
no. | (°C) B3 B5
Frups | Prc | AP | hogess | Frugs | Prc | AP | hogess
(bar) | (bar) d (bar) | (bar) d
2-9.1| 235 | 6.60 | 4.997 | 0.257 1.00 6.53 | 5.001 | 0.251 1.12
2-9.2|355| 917 | 5012 | 0.512 1.25 9.20 | 5.007 | 0.517 1.38
2-9.3 | 235 | 11.20 | 4.996 | 0.746 1.34 11.20 | 4.996 | 0.746 1.46
2-9.4 | 31.8 | 12.86 | 4.999 | 0.999 1.53 12.96 | 4.995 | 1.015 1.66
2-9.5 | 325 | 18.46 | 4.994 | 2.004 1.78 18.41 | 4.992 | 1.992 1.92
2-9.6 | 31.5 | 22.70 | 5.020 | 3.020 2.04 22.45 | 4.977 | 2.967 2.10
2-9.7 | 29.0 | 25.67 | 5.980 | 3.930 2.15 25.90 | 5.996 | 3.996 2.18
2-9.8 | 26,5 | 27.37 | 6.010 | 4510 2.26 27.38 | 6.014 | 4.514 2.27
Series no. 2-10
Patm = 1.00 bar
Activated lines
Set Te
no. | (°C) B4 B5
Fryps | Prc | AP | hogepa | Frgs | Prc | AP | hoggss
(bar) | (bar) d (bar) | (bar) d

2-10.1 | 26,5 | 6.51 | 4.999 | 0.249 1.25 6.55 | 5.002 | 0.252 1.15
2-10.2 | 35.0 | 9.16 | 5.001 | 0.511 1.31 9.16 | 5.011 | 0.511 1.35
2-10.3 | 25.0 | 11.36 | 5.009 | 0.769 1.45 11.34 | 5.006 | 0.766 1.52
2-10.4 | 31.5 | 12.82 | 4.993 | 0.993 1.50 12.50 | 4.991 | 0.941 1.64
2-105 | 31.0 | 1851 | 5.007 | 2.017 1.70 18.28 | 4.992 | 1.962 1.89
2-10.6 | 30.5 | 22.60 | 5.010 | 3.000 1.84 22.57 | 5.003 | 2.993 2.04
2-10.7 | 29.0 | 25.88 | 5.991 | 3.991 1.98 25.88 | 5.990 | 3.990 2.30
2-10.8 | 25.5 | 27.25 | 5.985 | 4.475 2.01 27.35 | 6.016 | 4.506 2.33
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Table C.3 : Experimental data for triple discharge

Series no. 3-1

Patm = 1.00 bar

Activated lines

Set TG
no. | (°C) B1 B2 B3
Frypy | Prc | AP | hogepi | Frypy | Prc | AP | hogesz | Fryps | Prc | AP | hoggss
(bar) | (bar) d (bar) | (bar) d (bar) | (bar) d

3-1.1| 205 | 6.48 |4.997 | 0247 | 121 6.49 |4.998 | 0.248 | 1.24 6.54 | 5.002 | 0.252 | 1.03
3-1.2 | 285 | 892 |4.992 | 0482 | 153 915 |5.022|0512| 1.38 952 |5.022|0562 | 1.34
3-1.3 | 230 | 11.11 | 4.993 | 0.733 | 1.67 11.25 | 4994 | 0.754 | 152 11.36 | 5.010 | 0.770 | 153
3-1.4 | 31.0 | 12.74 | 5.030 | 0.980 | 1.81 12.66 | 4.997 | 0.967 | 1.69 13.07 | 5.042 | 1.032 | 1.73
3-1.5 | 305 | 18.39 | 4.989 | 1.989 | 2.19 18.49 | 5.004 | 2.014 | 2.03 18.46 | 5.007 | 2.007 | 2.04
3-1.6 | 31.5 | 2247 | 4992 | 2972 | 2.36 22.65 | 5.010 | 3.010 | 2.28 22.63 | 5.005 | 3.005 | 2.32
3-1.7 | 29.0 | 25.82 | 5992 | 3.972 | 259 25.88 | 5.989 | 3.989 | 245 26.04 | 6.014 | 4.034 | 2.40
3-1.8 | 27.5 | 27.37 | 6.008 | 4508 | 2.68 27.31 | 5.999 | 4.489 | 254 27.37 | 6.009 | 4509 | 2.54
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Table C.3 : Experimental data for triple discharge (cont.)

Series no. 3-2

Patm = 1.00 bar

Activated lines

Set Te
no. | (°C) B1 B2 B4
Frypy | Prc | AP | hogepi | Frypy | Prc | AP | hogesz | Frips | Prc | AP | hoggsa
(bar) | (bar) d (bar) | (bar) d (bar) | (bar) d

3-21|200 | 654 |5002|0252 | 1.21 6.62 | 5.009 | 0.259 | 1.13 6.63 | 5.000 | 0.260 | 1.50
3-2.2 | 295 | 9.02 |5005|0495 | 147 8.98 | 4.990 | 0.490 | 1.24 9.11 | 5.007 | 0.507 | 1.76
3-2.3|21.0 | 11.23 | 5002 | 0.752 | 1.64 11.28 | 5.009 | 0.759 | 1.38 11.20 | 4.997 | 0.747 | 1.90
3-2.4 | 303 | 12.86 | 5.009 | 0999 | 1.79 12,92 | 5.019 | 1.009 | 1.55 12.84 | 4.997 | 0.997 | 1.90
3-25 | 295 | 18.60 | 5.020 | 2.040 | 2.04 18.39 | 4.991 | 1.991 | 1.7 18.42 | 4.997 | 1.997 | 2.15
3-2.6 | 31.0 | 22.72 | 5026 | 3.026 | 2.25 22.83 | 5.009 | 3.049 | 1.92 22.60 | 4.990 | 3.000 | 2.32
3-2.7 | 275 | 2590 | 5998 | 3.998 | 2.36 25.83 | 5.990 | 3.980 | 2.11 25.87 | 5.999 | 3989 | 2.52
3-28 | 275 | 27.40 | 6.018 | 4518 | 251 27.33 | 6.007 | 4.497 | 234 | 27.36 |5.994 | 4504 | 2.60
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Table C.3 : Experimental data for triple discharge (cont.)

Series no. 3-3

Patm = 1.00 bar

Activated lines

Set Te
no. | (°C) B1 B2 B5
Frypy | Prc | AP | hogepi | Frig, | Prc | AP | hogesz | Frgs | Prc | AP | hogess
(bar) | (bar) d (bar) | (bar) d (bar) | (bar) d

3-31(195 | 654 |5002|0252| 1.30 6.56 | 5.004 | 0.254 | 1.10 6.49 | 4.998 | 0.248 | 1.18
3-32 (310 | 911 | 5006|0506 | 144 9.03 | 4.995| 0495 | 1.18 9.11 | 5.006 | 0.506 | 1.44
3-3.3 | 215 | 11.22 | 5.000 | 0.750 | 1.67 11.27 | 5.007 | 0.757 | 1.27 11.22 | 5.000 | 0.750 | 1.52
3-34 | 315 | 1293 | 5010 | 1.010 | 1.79 12.70 | 4.993 | 0973 | 1.38 12.80 | 4979 | 0.989 | 1.72
3-35| 280 | 1837 | 4.997 | 1.987 | 2.07 18.34 | 5.000 | 1.980 | 1.61 18.44 | 5.005 | 2.005 | 2.01
3-3.6 | 315 | 22.28 | 5.000 | 2.930 | 222 22.32 | 5.000 | 2.940 | 1.80 22.63 | 5.006 | 3.006 | 2.12
3-3.7 | 265 | 2591 | 6.004 | 4004 | 2.36 25.86 | 5.998 | 3.988 | 1.89 25.90 | 6.001 | 4.001 | 2.36
3-38 | 275 | 27.32 | 6.001 | 4.491 | 2.48 27.35 | 6.001 | 4501 | 2.00 27.30 | 6.005 | 4.485 | 2.64
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Table C.3 : Experimental data for triple discharge (cont.)

Series no. 3-4

Activated lines

Set Te
no. | (°C) B1 B3 B4
Frypy | Prc | AP | hogepi | Fryps | Prc | AP | hogess | Frips | Prc | AP | hoggsa
(bar) | (bar) d (bar) | (bar) d (bar) | (bar) d

3-41| 215 | 6.49 |4.998 | 0248 | 1.19 6.49 | 4.998 | 0.248 | 1.09 6.47 | 4.996 | 0.246 | 1.59
3-42 | 280 | 962 |5066|0576 | 1.53 9.46 |5.005 | 0555 | 1.39 9.23 |5023|0523| 176
3-43 | 245 | 1125 | 5003 | 0.753 | 1.56 11.34 | 5.006 | 0.766 | 1.53 11.22 | 4998 | 0.748 | 1.87
3-44 | 285 | 12.85 | 5.009 | 0.999 | 1.84 12.78 | 4998 | 0.988 | 1.76 12.85 | 4.999 | 0.999 | 1.90
3-45 | 305 | 18.38 |5.016 | 1.986 | 2.13 18.39 | 4.989 | 1.989 | 2.09 18.47 |5.008 | 2.008 | 2.32
3-46 | 283 | 2259 | 5002 | 3.002 | 242 | 2259 |5002|3.002| 229 | 2260 |5004|3.004| 255
3-47 | 253 | 2594 | 6.015 | 4015 | 253 | 2593 |6.011 |4.011 | 249 | 2587 |6.004 | 3.994 | 272
3-48 | 275 | 27.37 | 6.009 | 4509 | 262 | 27.34 | 5998 | 4498 | 2.63 | 27.34 |5.998 | 4498 | 2.80
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Table C.3 : Experimental data for triple discharge (cont.)

Series no. 3-5

Patm = 1.00 bar

Activated lines

Set TG
no. | (°C) B1 B3 B5
Frypy | Prc | AP | hogepi | Fryps | Prc | AP | hogess | Frgs | Prc | AP | hogess
(bar) | (bar) d (bar) | (bar) d (bar) | (bar) d

351|230 | 652 |5.000]| 0250 | 113 6.60 | 5.002 | 0.257 | 0.98 6.50 | 4.998 | 0.248 | 1.18
3-52 (290 | 895 |4.976]| 0486 | 127 9.40 | 5.046 | 0546 | 1.20 8.83 | 4.989 | 0469 | 1.32
3-5.3| 238 | 11.26 | 5.005 | 0.755 | 1.47 11.17 | 4992 | 0.742 | 1.34 11.22 | 4999 | 0.749 | 155
3-5.4 | 31.0 | 12.88 | 5.002 | 1.002 | 1.73 12.75 | 5.002 | 0.982 | 1.42 12.94 | 5.002 | 1.012 | 1.66
3-5.5 | 30.0 | 1844 | 4.993 | 2.003 | 2.02 18.43 | 5.000 | 2.000 | 1.70 18.42 | 4997 | 1.997 | 2.07
3-5.6 | 315 | 2254 | 4996 | 2.986 | 2.22 22.66 | 5.002 | 3.012 | 2.01 22.59 | 5.006 | 2.996 | 2.36
3-5.7 | 25.0 | 25.90 | 6.004 | 4.004 | 2.33 25.90 | 6.003 | 4.003 | 2.09 25.92 | 6.010 | 4.010 | 2.27
3-5.8 | 275 | 27.36 | 6.005 | 4505 | 2.42 27.34 | 6.000 | 4500 | 2.23 27.26 | 5.993 | 4473 | 2.64
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Table C.3 : Experimental data for triple discharge (cont.)

Series no. 3-6

Patm = 1.00 bar

Activated lines

Set TG
no. | (°C) B1 B4 B5
Frypy | Prc | AP | hogepi | Frps | Prc | AP | hogess | Frips | Prc | AP | hogess
(bar) | (bar) d (bar) | (bar) d (bar) | (bar) d

3-6.1 | 195 | 6.49 |4.998 | 0248 | 1.16 6.66 | 5013|0263 | 1.25 6.54 |5002|0252 | 121
3-6.2 | 30.0 | 9.03 |5.006 | 049 | 1.41 9.18 | 5016 | 0516 | 134 9.03 |5.006 | 0496 | 1.35
3-6.3 | 245 | 11.26 | 5.005 | 0.755 | 1.50 11.17 | 4992 | 0.742 | 1.39 11.22 | 4999 | 0.749 | 155
3-6.4 | 285 | 13.04 |5.020 | 1.030 | 1.64 12.84 | 4998 | 0.998 | 1.45 12.83 | 4.996 | 0.996 | 1.72
3-65 | 29.0 | 18.60 |5.011 | 2.041 | 2.10 18.47 |5.000 | 2.010 | 1.64 1850 | 5.008 | 2.018 | 2.15
3-6.6 | 28.3 | 22.47 | 4.995 | 2975 | 2.30 2257 | 4.998 | 2.998 | 1.79 2247 | 4.995 | 2.975 | 2.30
3-6.7 | 26.0 | 25.90 | 6.011 | 4001 | 2.33 25.98 | 6.013 | 4.023 | 1.87 25.91 | 6.013 | 4.003 | 2.33
3-6.8 | 275 | 27.35 | 6.002 | 4502 | 2.45 27.33 | 5.995 | 4.495 | 1.90 27.34 | 6.000 | 4500 | 2.47
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Table C.3 : Experimental data for triple discharge (cont.)

Series no. 3-7

Patm = 1.00 bar

Activated lines

Set Te
no. | (°C) B2 B3 B4
Fryg, | Prc | AP | hogesz | Fryps | Prc | AP | hogess | Frps | Prc | AP | hoggsa
(bar) | (bar) d (bar) | (bar) d (bar) | (bar) d

3-71| 245 | 6.67 |5003|0.263| 163 6.60 |4.997 | 0.257 | 1.20 6.68 | 5.004 | 0.264 | 1.64
3-72 | 280 | 895 |4.976 | 0486 | 172 8.86 |5.024 | 0474 | 156 8.86 | 5.024 | 0.474 | 1.73
3-73 | 248 | 11.30 | 5.011 | 0.761 | 1.92 11.36 | 5.009 | 0.769 | 1.70 11.31 | 5.011 | 0.761 | 1.90
3-7.4 | 280 | 12.81 | 4.993 | 0.993 | 2.08 13.05 | 5.011 | 1.031 | 1.95 12.94 | 5014 | 1.014 | 2.04
3-75| 305 | 18.29 | 5.005 | 1.965 | 251 18.46 | 5.006 | 2.006 | 2.46 18.46 | 5.007 | 2.007 | 2.49
3-7.6 | 285 | 2262 | 5.018 | 3.008 | 282 22.63 | 5.000 | 3.010 | 2.60 22.60 | 5.004 | 3.004 | 2.78
3-7.7 | 25.0 | 25.85 | 5.998 | 3.988 | 3.05 26.03 | 6.009 | 4.039 | 2.80 25.85 | 5.998 | 3.988 | 2.92
3-7.8 | 275 | 27.35 | 6.003 | 4503 | 3.16 27.43 5999 | 4529 | 3.00 27.36 | 6.004 | 4504 | 3.09
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Table C.3 : Experimental data for triple discharge (cont.)

Series no. 3-8

Patm = 1.00 bar

Activated lines

Set TG
no. | (°C) B2 B3 B5
Fryg, | Prc | AP | hogesz | Frps | Prc | AP | hogess | Frgs | Prc | AP | hogess
(bar) | (bar) d (bar) | (bar) d (bar) | (bar) d

3-8.1| 245 | 637 |4.997|0237| 138 6.57 | 5.004 | 0.254 | 1.06 6.60 | 5.007 | 0.257 | 1.21
3-8.2| 280 | 956 |5.048|0568| 1.80 9.05 | 4.999 | 0.499 | 1.34 875 | 4.989 | 0.459 | 1.38
3-8.3| 243 | 11.19 | 5.005| 0.745 | 1.83 11.14 | 4997 | 0.737 | 1.56 11.20 | 4.996 | 0.746 | 158
3-8.4 | 28.0 | 12.90 | 4.997 | 1.007 | 1.89 12.90 | 5.017 | 1.007 | 1.67 12.96 | 5.017 | 1.017 | 1.81
3-8.5| 305 | 18.39 | 4.989 | 1.989 | 2.28 18.44 | 5.002 | 2.002 | 2.01 18.30 | 5.017 | 1.967 | 2.07
3-8.6 | 285 | 22.63 | 5.010 | 3.010 | 2.60 22.62 | 5.007 | 3.007 | 2.26 22.37 | 5.003 | 2953 | 2.27
3-8.7 | 25.0 | 25.90 | 6.002 | 4.002 | 2.74 25.91 | 6.006 | 4.006 | 2.37 25.86 | 6.003 | 3.993 | 241
3-8.8 | 27.0 | 27.35 | 6.002 | 4502 | 2091 27.36 | 6.007 | 4507 | 257 27.37 | 6.001 | 4511 | 250
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Table C.3 : Experimental data for triple discharge (cont.)

Series no. 3-9

Patm = 1.00 bar

Activated lines

Set TG
no. | (°C) B2 B4 B5
Frygy | Prc | AP | hogesz | Frps | Prc | AP | hogess | Frips | Prc | AP | hogess
(bar) | (bar) d (bar) | (bar) d (bar) | (bar) d

3-9.1| 205 | 648 | 4.997 | 0247 | 1.46 6.50 | 4.999 | 0.249 | 1.45 6.73 | 5.009 | 0.269 | 1.18
3-92|295| 912 |5018 | 0508 | 1.58 9.10 | 4.995 | 0505 | 1.59 959 | 4.992 | 0572 | 1.44
3-9.3| 225 | 11.29 | 5.009 | 0.759 | 1.86 11.24 | 4993 | 0.753 | 1.62 11.33 | 5.006 | 0.766 | 1.49
3-9.4 | 31.0 | 12.95 | 5004 | 1.014 | 1.83 12.99 | 5.030 | 1.020 | 1.67 13.06 |5.011 | 1.031| 181
3-95| 30.0 | 1852 | 5.000 | 2.020 | 2.11 18.38 | 4.987 | 1.987 | 1.87 18.61 | 5.022 | 2042 | 207
3-9.6 | 31.0 | 2261 | 5.001 | 3.001 | 237 2261 | 5002|3002 | 201 2261 | 5.002 | 3.002 | 2.30
3-9.7 | 255 | 2594 | 6.013 | 4013 | 2.48 25.92 | 5999 | 4009 | 2.07 2587 | 6.014 | 3.994 | 238
3-9.8 | 27.0 | 27.37 | 6.010 | 4510 | 2.60 27.42 | 6.006 | 4526 | 2.12 27.28 | 5999 | 4479 | 253
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Table C.3 : Experimental data for triple discharge (cont.)

Series no. 3-10

Patm = 1.00 bar

Activated lines

Set T
no. | (°C) B3 B4 B5
Frups | Prc | AP | hogess | Fryps | Prc | AP | hogepa | Frps | Prc | AP | hoggss
(bar) | (bar) d (bar) | (bar) d (bar) | (bar) d

3-10.1 | 25.0 | 6.49 | 4.997 | 0.247 | 1.11 6.57 | 5.004 | 0.254 | 1.34 6.48 | 4.996 | 0.246 | 1.18
3-10.2 | 285 | 9.08 | 4983|0503 | 1.37 9.47 | 5.056 | 0.556 | 1.56 9.35 | 5.009 | 0539 | 1.44
3-10.3 | 235 | 11.24 | 5.002 | 0.752 | 1.56 11.11 | 4.993 | 0.733 | 1.67 11.22 | 4.999 | 0.749 | 1.55
3-10.4 | 31.5 | 12.85 | 5.007 | 0.997 | 1.76 12.96 | 5.015 | 1.015 | 1.76 12.91 | 5.016 | 1.006 | 1.81
3-10.5 | 30.5 | 18.55 | 4.998 | 2.028 | 2.09 18.50 | 5.006 | 2.016 | 2.01 18.37 | 5.015 | 1.985 | 2.01
3-10.6 | 31.3 | 22.61 |5.001 | 3.001 | 2.37 2251 | 5.000 | 2980 | 2.29 22.62 | 5003|3003 | 221
3-10.7 | 25.0 | 25.78 | 5.990 | 3.970 | 2.52 25.87 | 5.994 | 3.994 | 243 25.89 | 6.010 | 4.000 | 2.36
3-10.8 | 27.0 | 27.37 | 6.000 | 4510 | 2.68 27.31 | 5.989 | 4489 | 2.58 27.35 | 6.004 | 4504 | 2.50
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Table C.4 : Experimental data for quadruple discharge

Series no. 4-1

Patm = 1.00 bar

Activated lines

Set TG
no. | (°C) B1 B2 B3 B4
Frygy | Prc | AP | hogesi | Frp, | Prc | AP | hogesz | Frps | Prc | AP | hogess | Frpps | Prc | AP | hogeBs
(bar) | (bar) d (bar) | (bar) d (bar) | (bar) d (bar) | (bar) d
411|290 | 652 | 4999|0249 | 1.38 6.52 | 4.999 | 0.249 | 1.46 6.43 | 5.001 | 0254 | 1.25 6.51 | 4.998 | 0.247 | 1.59
4-1.2 | 36.0 | 9.08 |5.000| 0500 | 1.64 9.00 | 4.990 | 0490 | 1.49 9.24 | 5012|049 | 156 9.09 | 5012|0494 | 167
4-13 | 255 | 11.27 | 4995 | 0.755 | 1.87 11.23 | 5.000 | 0.750 | 1.69 11.30 | 5.000 | 0.751 | 1.70 11.23 | 5.000 | 0.763 | 1.90
4-1.4 | 32.0 | 12.78 | 4975|0985 | 1.79 12.84 | 4995 | 0.995 | 1.86 12.86 | 4.998 | 0.982 | 1.95 12.86 | 4.999 | 0.963 | 2.04
4-15| 27.0 | 1845 | 5.009 | 2.009 | 2.25 18.48 | 5.016 | 2.016 | 2.37 18.37 | 4.990 | 2.017 | 237 18.48 | 5.014 | 2.041 | 252
4-16 | 28.6 | 2253 | 5.009 | 2.989 | 2.65 2261 | 5.005 | 3.005 | 2.65 2262 | 5.007 | 3.002 | 271 2261 | 5.005 | 3.008 | 2.89
4-1.7 | 225 | 25.89 | 5.994 | 4004 | 2.68 25.85 | 5992 | 3.992 | 285 25.84 | 5.990 | 4010 | 3.00 25.85 | 5.992 | 4001 | 3.09
4-1.8 | 275 | 27.36 | 6.007 | 4507 | 291 27.43 | 5998 | 4528 | 3.05 27.36 | 6.005 | 4493 | 3.11 2743 | 5998 | 4498 | 3.26
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Table C.4 : Experimental data for quadruple discharge (cont.)

Series no. 4-2

Patm = 1.00 bar

Activated lines

Set TG
no. | (°C) B1 B2 B3 B5
Frp: | Prc | AP | hoggpy | Frisz | Prc | AP hogepz2 | Fryps | Prc | AP | hogegs | Fryps | Prc | AP | hogess
(bar) | (bar) | =™ 3 (bar) | (bar) d (bar) | (bar) d (bar) | (bar) d

4-21 1290 | 657 |5.004 | 0.254 1.38 6.62 | 4997 | 0.247 | 1.24 6.62 | 5.008 | 0.258 | 1.11 6.55 | 5.002 | 0.252 | 1.32
4-22 | 36.0 | 9.05 | 4.996 | 0.496 1.59 9.26 | 5.004 | 0494 | 1.35 9.26 | 5024|0524 | 134 9.05 | 4.996 | 0.496 | 1.49
4-23 | 2555 | 11.24 | 5.001 | 0.751 1.76 11.20 | 5.003 | 0.763 | 1.46 11.20 | 4.995 | 0.745 | 1.50 1124 | 5001 | 0.751 | 1.78
4-2.4 | 32.0 | 12.76 | 5.002 | 0.982 1.99 12.88 | 4.993 | 0.963 | 1.58 12.88 | 5.002 | 1.002 | 1.67 12.78 | 5.006 | 0.986 | 1.92
4-25| 28.0 | 18.49 | 5.017 | 2.017 2.25 18.41 | 5.051 | 2.041 | 2.03 18.41 | 5.008 | 1.998 | 2.01 18.45 | 5.008 | 2.008 | 2.18
4-2.6 | 28.8 | 22.60 | 5.002 | 3.002 2.45 22.61 | 4.998 | 3.008 | 2.34 22.61 | 5.006 | 3.006 | 2.23 22.60 | 5.002 | 3.002 | 2.44
4-2.7 | 23.0 | 25.91 | 6.010 | 4.010 2.65 25.82 | 6.001 | 4.001 | 2.42 25.82 | 5995 | 3.985 | 2.37 25.84 | 6.001 | 3.991 | 2.64
4-2.8 | 275 | 27.32 | 6.003 | 4.493 2.79 27.31 | 5998 | 4498 | 2.60 2731 | 5989 | 4489 | 254 27.33 | 6.004 | 4.494 | 285
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Table C.4 : Experimental data for quadruple discharge (cont.)

Series no. 4-3

Activated lines

Set Ts
no. | (°C) Bl B2 B4 B5
Frupi | Prc | AP | hogepi | Frip, | Prc | AP | hogesz | Frps | Prc | AP | hogepa | Frips | Prc | AP | hoggss
(bar) | (bar) d (bar) | (bar) d (bar) | (bar) d (bar) | (bar) d

4-3.1 | 29.0 6.62 5.008 | 0.258 1.21 6.48 4.996 | 0.246 1.13 6.51 4,998 | 0.248 1.22 6.52 5.009 | 0.249 121
4-3.2 | 36.0 9.11 | 5.005 | 0.505 1.41 9.08 | 4.991 | 0.501 121 9.08 | 5.000 | 0.500 1.48 9.32 | 5.012 | 0.532 1.46
4-3.3 | 26.0 | 11.33 | 5.004 | 0.764 1.81 11.23 | 5.000 | 0.750 1.46 11.28 | 5.007 | 0.757 1.53 11.22 | 5.008 | 0.748 1.66
4-34 | 35.0 | 12.75 | 4.999 | 0.979 1.64 1296 | 5.042 | 1.012 1.49 13.14 | 5.042 | 1.042 1.62 12.75 | 4999 | 0.979 161
4-35 | 35.0 | 18.43 | 5.003 | 1.993 2.13 18.40 | 4.985 | 1.985 1.83 18.38 | 4.981 | 1.981 1.81 18.44 | 5.005 | 1.995 2.21
4-36 | 29.0 | 22.62 | 5.007 | 3.007 2.45 22.56 | 4.993 | 2.993 2.06 22.55 | 4991 | 2.991 2.07 22.56 | 5.015 | 2.995 2.50
4-3.7 | 235 | 25.90 | 6.007 | 4.007 2.65 25.87 | 5.996 | 3.996 2.25 25.90 | 5.995 | 4.005 2.10 2594 | 6.006 | 4.016 2.73
4-3.8 | 28.0 | 27.34 | 5.996 | 4.496 2.79 27.29 | 5991 | 4481 2.45 27.25 | 5.988 | 4.468 2.24 27.42 | 6.015 | 4.525 2.79
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Table C.4 : Experimental data for quadruple discharge (cont.)

Series no. 4-4

Activated lines

Set Ts
no. | (°C) B1 B3 B4 B5
Frypi | Prc | AP | hogepi | Fryps | Prc | AP | hogess | Frups | Prc | AP | hogepa | Frips | Prc | AP | hoggss
(bar) | (bar) d (bar) | (bar) d (bar) | (bar) d (bar) | (bar) d
4-41 | 29.0 6.59 | 5.005 | 0.255 1.30 6.64 | 5.000 | 0.260 1.14 6.51 | 4.998 | 0.248 1.36 6.54 | 5.001 | 0.251 1.29
4-42 360 | 927 |5.026 0526 | 1.47 9.24 | 5012|0522 | 1.39 9.17 |5.002 | 0512 | 1.48 931 | 5021|0531 | 1.46
4-43| 260 | 11.27 | 5.006 | 0.756 | 1.76 11.29 | 5.009 | 0.759 | 1.53 11.22 | 4.998 | 0.748 | 1.59 11.28 | 5.007 | 0.757 | 1.78
4-4.4 | 320 | 12.89 | 5.004 | 1.004 | 1.96 12.81 | 4.991 | 0991 | 1.73 12.71 | 4.995 | 0.975 | 1.70 12.94 | 5011 | 1.011 | 1.98
4-45 | 345 | 1848 | 5.025 | 2.005 | 2.22 18.41 | 4.990 | 1.990 | 2.09 18.47 | 5.003 | 2.003 | 2.04 18.48 | 5.025 | 2.005 | 2.33
4-46| 293 | 2258 | 5.008 | 2.998 | 2.33 2259 | 5.000 | 3.000 | 2.35 22.76 | 5.016 | 3.036 | 235 | 2268 |5019 |3.019 | 241
4-47 | 240 | 2593 | 6.013 | 4013 | 2.56 25.88 | 5.998 | 3.998 | 2.52 25.89 | 6.002 | 4002 | 246 | 25.84 | 5999 | 3989 | 264
4-48 | 275 | 27.38 | 6.003 | 4513 | 2.59 27.31 | 5.990 | 4.490 | 2.66 27.29 | 5982 | 4482 | 258 | 27.35 | 6.003 | 4503 | 2.73
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Table C.4 : Experimental data for quadruple discharge (cont.)

Series no. 4-5

Activated lines

Set Ts
no. | (°C) B2 B3 B4 B5
Frup, | Prc | AP | hogesz | Frps | Prc | AP | hogess | Fryps | Prc | AP | hogepa | Frips | Prc | AP | hoggss
(bar) | (bar) d (bar) | (bar) d (bar) | (bar) d (bar) | (bar) d

4-5.1 | 28.0 6.57 | 5.004 | 0.254 1.69 6.66 | 5.002 | 0.262 1.23 6.35 | 4.994 | 0.234 1.45 6.62 | 5.008 | 0.258 1.26
4-52 | 37.0 9.08 5.010 | 0.500 1.77 9.01 5.001 | 0.491 1.56 9.09 5.001 | 0.501 1.56 9.19 5.005 | 0.515 1.58
453|260 | 11.23 | 4.999 | 0.749 | 1.94 11.21 | 4.997 | 0.747 | 173 11.21 | 4.996 | 0.746 | 1.73 11.26 | 5.004 | 0.754 | 1.72
4-54 | 32.0 | 1257 | 4.981 | 0.951 2.06 12.76 | 4.982 | 0.982 1.95 12.71 | 4.975 | 0.975 1.84 1258 | 4.984 | 0.954 1.72
4-55 | 275 | 1845 | 4998 | 2.008 2.60 18.49 | 5.007 | 2.017 243 18.55 | 5.011 | 2.031 2.24 18.48 | 5.025 | 2.015 2.18
4-56 | 29.2 | 2255 | 5.001 | 2.991 2.79 22.66 | 5.015 | 3.015 2.74 22.54 | 5.000 | 2.990 2.52 22.69 | 5.031 | 3.021 2.47
4-57 | 245 | 25.84 | 6.007 | 3.987 3.14 25.97 | 6.005 | 4.025 3.02 25.91 | 6.008 | 4.008 2.72 25.89 | 6.011 | 4.001 2.62
4-58 | 275 | 2740 | 6.009 | 4.519 3.31 27.45 | 6.005 | 4.535 3.14 27.25 | 5.970 | 4.470 2.83 27.26 | 5.993 | 4.473 2.73
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Table C.5 : Experimental data for quintuple discharge

Series no. 5-1

Activated lines

Set TG
no. | (°C) B1 B2 B3
Frypi | Prc | AP | hogepi | Fryp, | Prc | AP | hogesz | Fryps | Prc | AP | hoggss
(bar) | (bar) d (bar) | (bar) d (bar) | (bar) d

5-1.1 | 275 6.47 4.995 | 0.245 1.41 6.49 4997 | 0.247 1.41 6.62 5.008 | 0.258 1.28
5-1.2 | 355 9.08 5.001 | 0.501 1.79 9.09 5.002 | 0.502 1.46 9.07 4999 | 0.499 1.48
5-1.3 | 248 11.24 | 5.002 | 0.752 1.87 11.15 | 4.998 | 0.738 1.69 11.24 5.002 | 0.752 1.70
5-1.4 | 32.0 12.85 | 4.977 | 0.997 2.04 13.08 | 5.003 | 1.033 1.92 12.88 | 5.002 | 1.002 1.95
5-15 | 27.0 18.34 | 5.002 | 1.982 2.33 18.29 | 5.000 | 1.970 2.37 18.67 | 5.030 | 2.060 2.37
5-1.6 | 30.0 | 22.50 | 5.030 | 2.980 2.53 22.34 | 4.945 | 2.945 2.65 22.72 | 5.027 | 3.027 2.80
5-1.7 | 25.0 | 25.87 | 6.014 | 3.994 2.77 25.73 | 5.996 | 3.956 291 25.87 | 5.986 | 3.996 2.97
5-1.8 | 275 | 27.28 | 5.998 | 4.478 2.85 27.07 | 6.009 | 4.409 3.05 27.23 | 5.992 | 4.462 3.14
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Table C.5 : Experimental data for quintuple discharge (cont.)

Series no. 5-1 (cont.)

Activated lines

Set Ts
no. | (°C) B4 B5
Fr Prc | AP | hogEgBa Fr Prc | AP | hogeBs
LB4 | (bar) | (bar) d LBS | (bar) | (bar) d
5-1.1 | 275 | 6.62 |4.998 | 0258 | 1.42 6.67 | 5003|0263 | 1.46
5-12 | 355 | 9.04 | 4995|0495 | 1.50 9.13 |5.007 | 0.507 | 1.69
5-1.3 | 24.8 | 1122 | 4999 | 0749 | 1.73 | 11.24 | 5002 | 0.752 | 1.75
5-1.4 | 32.0 | 13.08 | 5.003 | 1.033 1.84 12.85 | 4.977 | 0.997 1.98
5-15| 27.0 | 1835 | 4994 | 1.984 | 226 | 18.42 | 4.992 | 2.002 | 2.27
5-1.6 | 30.0 | 22.87 | 5.058 | 3.058 2.60 22.27 | 5.000 | 2.930 2.50
5-1.7 | 25.0 | 25.89 | 6.001 | 4.001 2.75 25.79 | 6.003 | 3.973 2.88
5-18 | 275 | 27.11 | 6.003 | 4423 | 2.86 | 27.28 | 50998 | 4478 | 2.96
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Appendix D

Images of Typical Gas Entrainment Phenomena
for Dual, Triple, and Quadruple Discharge

Conditions
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@

Initial depressmn at Bl

‘ (c) Disappearance of unsteady flow at B1 A (d) Steady flow at B1

Figure D.1 : Gas entrainment phenomena of set no. 2-1.1
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(h) Steady flow at B2

Figure D.1 : Gas entrainment phenomena of set no. 2-1.1 (cont.)
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(a) In|t|aI depressmn at Bl (b) Unsteady flow at Bl

(c) Disappearance of unsteady flow at B1 (d) Steady flow at B1

Figure D.2 : Gas entrainment phenomena of set no. 2-2.1
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3

(g) Disappearance of unsteady flow at B3 (h) Steady flow at B3

Figure D.2 : Gas entrainment phenomena of set no. 2-2.1 (cont.)
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ssion at B1
S

(c) Disappearance of unsteady flow at B1 - (d) Steady flow at B1

Figure D.3 : Gas entrainment phenomena of set no. 2-3.1
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(g) Disappearance of unsteady flow at B4 | (h) Steady flow at B4

Figure D.3 : Gas entrainment phenomena of set no. 2-3.1 (cont.)
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(@) [Initial depression at B1
e S

| (c) Disappearance of unsteady flow at B1 | (d) Steady flow at B1

Figure D.4 : Gas entrainment phenomena of set no. 2-4.1
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(f) Unsteady flow at BS

-

' (g) Disappearance of unsteady flow at B5 | (h) Steady flow at B5

Figure D.4 : Gas entrainment phenomena of set no. 2-4.1 (cont.)
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(@) Initial depression at B2 (b) Unsteady flow at B2
A [— - - = : 3 - . 2

-

. (c) Disappearance of unsteady flow at B2 ‘ (d) Steady flow at B2

Figure D.5 : Gas entrainment phenomena of set no. 2-5.1
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(g) Disappearance of unsteady flow at B3 - (h) Steady flow at B3

Figure D.5 : Gas entrainment phenomena of set no. 2-5.1 (cont.)
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(c) Disappearance of unsteady flow at B2 \ (d) Steady flow at B2

Figure D.6 : Gas entrainment phenomena of set no. 2-6.1
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epression at B4

RS

(g) Disappearance of unsteady flow at B4 (h) Steady flow at B4

Figure D.6 : Gas entrainment phenomena of set no. 2-6.1 (cont.)
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(c) Disappearance of unsteady flow at B2 | (d) Steady flow at B2

Figure D.7 : Gas entrainment phenomena of set no. 2-7.1
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(e) Initial depression at B5
e .

-——

+
“f
(f) Unsteady flow at B5
. ‘- ._?.\'- "--‘ 73 - S

(g) Disappearance of unsteady flow at B5 . (h) Steady flow at B5

Figure D.7 : Gas entrainment phenomena of set no. 2-7.1 (cont.)
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(@)

Initial depression at B3
. = E R

(c) Disappearance of unsteady flow at B3 ' (d) Steady flow at B3

Figure D.8 : Gas entrainment phenomena of set no. 2-8.1
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- (g) Disappearance of unsteady flow at B4 . (h) Steady flow at B4

Figure D.8 : Gas entrainment phenomena of set no. 2-8.1 (cont.)
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(b) Unsteady flow at B3

T

(c) Disappearance of unsteady flow at B3 (d) Steady flow at B3

Figure D.9 : Gas entrainment phenomena of set no. 2-9.1
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(e) Initial depression at B5

~ 4 —— o S e T =
o ':"{4 s
s, oA = : b

g
-
4 o -
’ :

(g) Disappearance of unsteady flow at B5 (h) Steady flow at B5

Figure D.9 : Gas entrainment phenomena of set no. 2-9.1 (cont.)
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(b) Unsteady flow at B4
= -

(d) Steady flow at B4

Figure D.10 : Gas entrainment phenomena of set no. 2-10.1
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(_urseea

T T,

-~

dy fl

- (g) Disappearance of unsteady flow at B5 (h) Steady flow at B5

Figure D.10 : Gas entrainment phenomena of set no. 2-10.1 (cont.)
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(b) Unsteady flow at B1

.K
- - .
n

(e) Initial depression at B2 (f) Unsteady flow at B2

Figure D.11 : Gas entrainment phenomena of set no. 3-1.1
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(k) Disappearance of unsteady flow at B3 | () Steady flow at B3

Figure D.11 : Gas entrainment phenomena of set no. 3-1.1 (cont.)
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(@) [Initial depression at B1 (b) Unsteady flow at B1

.. N -~

(e) Initial depression at B2 | (f) Unsteady flow at B2

Figure D.12 : Gas entrainment phenomena of set no. 3-2.1
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(k) Disappearance of unsteady flow at B4 | () Steady flow at B4

Figure D.12 : Gas entrainment phenomena of set no. 3-2.1 (cont.)
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(a) Initial depressioniat B1 and B5

(e) Initial depression at B2 . (f) Unsteady flow at B2

Figure D.13 : Gas entrainment phenomena of set no. 3-3.1
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(h) Steady flow at B2
R s

(i) Disappearance of unsteady flow at B5 _ (j) Steady flow at B5

Figure D.13 : Gas entrainment phenomena of set no. 3-3.1 (cont.)
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(e) Initial depression at B3 (f) Unsteady flow at B3

Figure D.14 : Gas entrainment phenomena of set no. 3-4.1
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(@)

Initial depression at B4

(k) Disappearance of unsteady flow at B4 | () Steady flow at B4

Figure D.14 : Gas entrainment phenomena of set no. 3-4.1 (cont.)
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(@) [Initial depression at B1

‘-"_"l
.

(c) Disappearance of unsteady flow at B1

Y

=

-

(e) Initial depression at B3 | (f) Unsteady flow at B3

Figure D.15 : Gas entrainment phenomena of set no. 3-5.1
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» (g) Disappearance of unsteady flow at B3

j6:02:06410:54:3]1

~06810:55:01

) (k) Disappearance of unsteady flow at B5 ) () Steady flow at B5

Figure D.15 : Gas entrainment phenomena of set no. 3-5.1 (cont.)
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(@) [Initial depression at B1

(e) Initial depression at B4 \ () Unsteady flow at B4

Figure D.16 : Gas entrainment phenomena of set no. 3-6.1
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(i)

Initial depression at B5

e W

l (k) Disappearance of unsteady flow at B5 () Steady flow at B5

Figure D.16 : Gas entrainment phenomena of set no. 3-6.1 (cont.)
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(@) Initial depression at B2 (b) Unsteady flow at B2 and Initial
depressio at B4

(e) Initial depression at B3 (f) Unsteady flow at B3

Figure D.17 : Gas entrainment phenomena of set no. 3-7.1
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(k) Steady flow at B4

Figure D.17 : Gas entrainment phenomena of set no. 3-7.1 (cont.)

214



(@) [Initial depression at B2

L = §2076%
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=
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(e) Initial depression at B3 (f) Unsteady flow at B3

Figure D.18 : Gas entrainment phenomena of set no. 3-8.1
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(9) Disappearance of unsteady flow at B3 (h) Steady flow at B3

“'vi".
.
g

Initial depression at B5

(k) Disappearance of unsteady flow at B5 () Steady flow at B5

Figure D.18 : Gas entrainment phenomena of set no. 3-8.1 (cont.)
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(@ Initial epression at B2 | (b) UnsteadyﬂowrathZ

(e) Initial depression at B4 () Unsteady flow at B4

Figure D.19 : Gas entrainment phenomena of set no. 3-9.1
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(h) Steady flow at B4

v -
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- - - - - o

(i) Unsteady flow at B5

| (k) Disappearance of unsteady flow at B5 () Steady flow at B5

Figure D.19 : Gas entrainment phenomena of set no. 3-9.1 (cont.)
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(@) [Initial depression at B3

(e) Initial depression at B4 () Unsteady flow at B4

Figure D.20 : Gas entrainment phenomena of set no. 3-10.1
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(i)

Initial depression at B5

(k) Disappearance of unsteady flow at B5 () Steady flow at B5

Figure D.20 : Gas entrainment phenomena of set no. 3-10.1 (cont.)
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(a) Initial depressmn at Bl (b) Unsteady flow at Bl

(e) Initial depression at B2 (f) Unsteady flow at B2

Figure D.21 : Gas entrainment phenomena of set no. 4-1.1
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(k) Disappearance of unsteady flow at B3 () Steady flow at B3

Figure D.21 : Gas entrainment phenomena of set no. 4-1.1 (cont.)
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(p) Steady flow at B4

Figure D.21 : Gas entrainment phenomena of set no. 4-1.1 (cont.)
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(e) Initial depression at B2 (f) Unsteady flow at B2

Figure D.22 : Gas entrainment phenomena of set no. 4-2.1
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k) Disappearance of unsteady flow at B3 | () Steady flow at B3

Figure D.22 : Gas entrainment phenomena of set no. 4-2.1 (cont.)
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(o) Steady flow at B5

Figure D.22 : Gas entrainment phenomena of set no. 4-2.1 (cont.)
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c) Disappearance of unsteady flow at B1 (d) Steady flow at B1 and B5

(e) Initial depression at B2 and B4 (f) Unsteady flow at B2

Figure D.23 : Gas entrainment phenomena of set no. 4-3.1
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(i) Unsteady flow at B4 (1) Disappearance of unsteady flow at B4

Figure D.23 : Gas entrainment phenomena of set no. 4-3.1 (cont.)

228



(e) Initial depression at B3 (f) Unsteady flow at B3

Figure D.24 : Gas entrainment phenomena of set no. 4-4.1
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' k) Disappearance of unsteady flow at B4 ‘ () Steady flow at B4

Figure D.24 : Gas entrainment phenomena of set no. 4-4.1 (cont.)
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(o) Steady flow at B5

Figure D.24 : Gas entrainment phenomena of set no. 4-4.1 (cont.)
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(e) Initial depression at B3 (f) Unsteady flow at B3

Figure D.25 : Gas entrainment phenomena of set no. 4-5.1
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| (k) Disappearance of unsteady flow at B4 | () Steady flow at B4

Figure D.25 : Gas entrainment phenomena of set no. 4-5.1 (cont.)
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(m) Initial depression at B5 ' (n) Unsteady flow at BS
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(o) Disappearance of unsteady flow at B5 (p) Steady flow at B5

Figure D.25 : Gas entrainment phenomena of set no. 4-5.1 (cont.)
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