AD-A052 626 MASSACHUSETTS INST OF TECH CAMBRIDGE DEPT OF MECHANI=--ETC F/6 20/4
PRESSURE DROP AND PHASE FRACTION IN OIL-WATER=AIR VERTICAL PIPE--ETC(U)
MAY 76 A R SHEAN

UNCLASSIFIED :

NL
£
END
e

Jl




96

APPENDIX C: Flow Regime Visual Observations.

Figure Cl shows a typical friction pressure loss curve disected in- t
to four main flow regime areas. The variation of this curve is keyed to
Govier's flow regime map (Fig. 14) and can be explained as follows:

A. 0<Fo$a: In this region the water predominates the fluid flow
and can be characterized as a typical slug flow. Figure C2 shows a
typical view of the tube. In region A the fluid is in counter flow a-
round the air slugs while in region B the fluid flows at a rate commensu-
rate with that of the air slugs. The oil is distributed throughout the
water in small bubbles. At higher velocities the negative shear around

the air slugs is small compared to that in the liquid slugs. As does

Singh and Griffith the negative shear can be assumed to be neglected in
most cases. When the oil in liquid volume fraction is increased from O,
the size of the liquid slugs decreases and the counterflow area thickens.

This causes a decrease in the friction pressure loss. This decrease

continues until the regime change at a.
B. a<F°<b: At the transition a, the liquid flow changes to a |
froth. The water still predominates the flow (Fig. C3) next to the wall, |

but the oil bubbles in the water slug area begin to coalesce into oil

slugs. The area A is still in counterflow, however in area B the water

flow around the oil slugs in cocurrent. Hence the effective length of

T —

the water slugs begins to increase and the friction loss increases. As

the water in the fluid slug is completely replaced by oil, the layer of
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Figure C1. Typical Friction Pressure Loss Curve.
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Figure C2 & C3. Flow Regime Diagram.
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water on the tube wall becomes thinner and thinner until at the transi-
tion b the layer is too thin to contain any oil bubbles, and the bubbles
are sheared between the wall and the air slugs. When this occurs the
friction loss makes a sharp upward jump until the oil bubbles are forced
out of the water layer. The pressure jump is point b on Figure Cl.

C. b<Fo<c: At b the flow changes from water dominated froth to oil 1
froth and the water is considered to be bubbles of water in oil. The- L
exception is that a thin layer of water still persists on the wall of 1
the tube. However, this layer is too thin to contain any oil bubbles.
The laminar nature of the oil flow dampens the turbulence of the water

and air and transition to pure slug flow is quickly achieved. At point

¢, full slug flow is achieved and the water is finally replaced by oil
on the wall. When this occurs the counterflow friction loss dominated

now by the viscosity of the oil, decreases. This dip can be seen at

point ¢ in Figure Cl.

D. c<Fog1.0: In this region the flow transitions from pure slug

flow to a quasi annular flow. As Fo increases, the counterflow velocity |
region (A in Fig. C5) reverses to co~current and increases in thickness
while that of the slug region (B) decreases in size. After this reversal
the combination of the oil viscosity and the increased upward velocity

cause a sharp rise in the pressure losses. Again, this is apparent in

Figure Cl1.
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APPENDIX D: Derivation of Annular Flow Pressure Drop Method.

Annular flow is characterized by a continuous
column of gas and a continuous annulus of fluid AIR
in co-current flow (A in Fig. D1) while slug flow
is characterized by counter fluid flow over the 1

gas slugs and co-current flow in the fluid slugs

A A
(B in Fig. D1). However, in the transition l ‘ J
both co-current annulus and slug fluid flows [ ( I
occur simultaneously. Therefore the basis of B 1 -
this method is the assumption that transition flow l\’”“_‘/
can be modeled as a basic annular flow with a 1
decreased annular fluid velocity. The decrease FLUID
accounts for the remaining fluid slugs. In addition,
in calculating the friction pressure loss the (,\\.\\

FIG. D1

modified annular velocity of the fluid in the annulus
is assumed to be the velocity of the fluid flowing alone in the entire
tube.

From annular flow the fluid velocity is as follows:

o= (@ 1)
aps

This can then be modified for the Quasi-annular flow by a constant K,
which is less than one.

Ve = N ® 2)
~
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Based on this the following pressure loss analysis is derived:

Re, = “QsP0;

(@ 3)
I &

£H£8
Due to the high viscosity of the Nujol, the oil flow was laminar

throughout the experiment. Hence the laminar friction factor equation

| is used.
£ - %g = 1683 \oE (D 4)
f KQpof
The shear stress is then:
l 2
T oo fpvf = 8ufKQf (D 5)
Zgo AafD
and the friction pressure loss is:
Ap,. = 4T = 32K u_Q (D 6)
f D f°f
ADZ(!f

which is a constant (K) times the loss assocliated with a complete annu-

lar flow.

In calculating the total friction pressure loss of the flow, we
must recognize the transitional nature of the flow. That is, both annu-

lar and slug flows contribute to the loss. Therefore, we can assume

that the total loss due to friction will be a portion of a full annular

i flow superimposed over the slug losses. We may then say that the total

friction pressure loss is as follows:
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Ap_ = K Apf + (l-K)Apf D7)

£ annular slug

The annular flow portion is calculated as in equation D 6 while the slug
flow portion can be assumed to be that at Fo equal to zero where slug

flow predominates.

Finally, the weighting factor K must be determined. In the flow
investigated ehe quasi annular flow appeared only above the froth criti-
cal oil in liquid volume fraction. In this case approximately .85. Al-
so, the flow was nearly annular at Fo equal to one. If, based on this,
we assign a value of .9 to K at Fo equal to one, we may linearly inter-

polate the values of K as shown in Fig. D 2.

The values for the total friction pressure loss derived from the

above analysis are shown in Table 3 of the main text and show very close

results.
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Figure D 2. Linear Interpolation of the Factor K.
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APPENDIX E.

105
Physical Data.

OIL( NUJOL)

WATER

/L= .0015 1b sec/ rt° at 100°F
P = 55.5 lom/ £t

L= .000015 1b sec/ft at 100°F
P = 62.4 lom/ 1t

L= 3.9x1077 1b sec/ £t2 at 100°F
p = .075 lom/ £td
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APPENDIX F, Sample Calculations.

A. Example of Slug Flow:

1. Data: Q= .282 CPM, Q,=.094 CFM, Q,= 1.82 CPM,
D= .75 inches,& L=?4,25 inches.

2. Void Fraction:s

g 1
Po' Q.+ Qo - .253%?.6-55 = .25

P e Q 5 1.82 "
¥ s a ‘IZ%B qt 1.28(1.82+.282+.09“)‘

65 ]

Pa. 5.12 o = 1.0370c, Fi'3%¢ = 1.037(1-.65)(.25)1 5%
~ .04

Eq. 5.14 e 1"<3h*cx6)' 1=(.65+,04)= ,31
3. Pressure Loss:

gL
APp '-g;(P' O<'+ P",Otc,+ Pa O(a)

= BaBXPLRE (55.5(.04)+62.4(.31)+.65(.075))
=,93 psi/ length

Q
From Fig.14 for F_ =.25 and V = —_ = 4,38 ft/sec
° v Xph

the flow regime is slug. Therefore we use the Singh-

Griffith method for the friction loss,
m Py D
Rew e = 58,544,
He
f= ,0051
2 LLOAS
APg= ____Efgiyhfzi = ,58 psi/ length
0

Total Pressure Loss = 1,51 psi/length
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B. Example of Froth Flow:
1. Data: Q= .076 CFM, Q= .30 CFM,& Qa- 1.82 CFM,

2, Void Fraction:
Same as method in A-2.
o™ .63
OCw= -10
o= .27
3. Pressure Loss:
Same as method in A-3,
AR, = .91 psi/ length

FO. Qo = ,80
Qt Qy
Q'
V= = 1,11 ft/sec
O<f A

From fig. 14 the flow regime is froth. Therefore we

use the homogeneous method,.

Velocity of the fluid flowing in the tube alone:

- Qr = 2,04 ft/sec
A
Re = 9387
f= ,008
Quality(X): e Pala o ,006

@.Qa+ lof Qi’
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orettftlte i Lol s

AP= .41 psi/ length

C. Example of Quasi-Annular Flow:
1. Datas Q.= .019, Qo- .36 CPM, & Q.- 1.82 CFM,
2. Void: Same Method as A2 except eq. 5.11 was

used instead of eq. 5.10.
X = U6
™ .02
X o™ 52
3, Pressure Loss:
Same method as A-3.
APP = 1,30 psi/length
ro - 095
V= 5.16 ft/sec

From fig.14 the flow regime is the water drop in oil

regime. Therefore the quasi-annular flow method is

used.

32L M, Q, ,
AP, nnnularlA D!O:f =2,0psi/ ) {

From eq. D 61

From the Singh=Griffith Methed AP,= .712 psi/L

From fig. D 2 K= 6
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From eq. D 71

AP, , .= KAPy gnnt (1-K) AP

? tot slug

APy 4ot™ .6(2.0) +.4(,712)= 1.48 psi/length

The total pressure loss iss
APy= 1.30 + 1,48 = 2.78 psi/ length
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APPENDIX G: Data Listing

The following code was used to designate the various runs:

A 80- 10- 3
P S T
a b c d
a. Test Disignation. ¢

A. Three Phase Void Fraction Test
B. Two Phase Oil-Water Pressure Void Test
C. Three Phase Pressure and Void Test

D. Contact Angle Test

¢. Percent of maximum input air flow for test
A and the mixture velocity for test B and C.

d. Identification number of individual run.

'
v . T — - .
- Y

b. Introduced oil in liquid volume fraction (Fo)

Piiprm =

e v
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