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Abstract

With the increase in consumption of natural gas in the world, it is important to
understand how dry natural gas will flow in a horizontal pipe especially during
production and transportation, and also during laminar and turbulent flow. Many
attempts have been made to compare and distinguish both flows but only little is till
known about these flows.

A novel approach reported in literature suggests the use of Weymouth and modified
Panhandle equations as models for single phase horizontal flow. This paper presentsthe
use of models to compare both laminar and turbulent flow in a single phase horizontal
flow . the results obtained are then compared to existing Weymouth flow model.

Results show that laminar flow depends on viscous forces and is independent of
gravity whereas turbulent flow does not depend on viscous forces but pipe roughness,
gas gravity, pressure drop and gas flow rate.

Nomenclatures

W = Flow work Energy

p = Density of the fluid , lbm/cuft

dp = Change in Pressure , psi

u, = Average Velocity of the gagt/sec

du = Change in velocity, ft/sec

dz = Elevation increase, ft

fm = f = moody frictional factor

dL = change in length, ft

g = Acceleration due to gravity, Ft/sec?
g. = gravity Conversion factor, 32.2 Ibmibfs
D = Diameter of conduit, ft

L = Length of the horizontal pipe, ft

q4 = volumetric flow rate of the gas, MM Ft*/D
R = Gas constant, 10.73 cuft psid mole R
R, = reynolds number

P; = pressure at point 1, Psia

P, = pressure at point 2, Psia

Z = Gas compressibility

Re = Reynolds number

e = Roughness

P, = Base pressure, psia

Ty, = Base temperature, Rankine

T = Well temperature, Rankine

Z= Fluid compressibility factor, fraction
G, = Gas gravity, fraction
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1.0 Introduction

Production and pipeline engineers are interesteldeirway fluid flows in conduits. When a fluid flewhrough a conduit
the internal roughness of the conduit can causa keddy current within the fluid adding resistancehe flow of the fluid.
Conduits having smooth walls such as glass, coapgmolythene do have very low frictional resiseamdile conduit such
as cast iron and steel create larger eddy curvdnitsh pose significant effect on the frictionalistance. The velocity profile
in a conduit will show that the fluid at the middié the conduit will have higher velocity than thatards the edge of the
stream and therefore friction will occur betweeyels within the fluid. Fluid with high viscosity Winaturally flow more
slowly and will not support eddy current and therefthe internal roughness of the conduit will hane effect on the
frictional resistance. This condition is called laar flow but in turbulent flow when viscosity iglatively low, the fluid
tends to flow faster and will definitely supportdgdcurrent, thus internal roughness of the conduatkey factor. Both flows
are illustrated in Fig. 1.
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Fig. 1: Laminar and Turbulent Flow

In fluid flow the basic parameters are (1) Reynaldsber, Re (2) conduit roughness, e, and (3)idriel factor. These
parameters are used to differentiate between dhergimes.

Flow Reynold number of value less than 2000 is ¢effaminar; if greater than 4000, it is termed tilehbt and between
2000 and 4000 is termed transition flow. The faotl factor is negligible for laminar flow and &iminar but turbulent flow
is greatly affected by the pipes roughness.

The frictional factor §f, for a single phase laminar flow can be gottenyaically by the Hagen-Poiseuille equation[9],
which is

64

fm =% (1)
Churchill Equation
Churchill (1977) has obtained an equation for tietibn factor as the following form:

12 1/12

f=8 [(g) A+ B)‘3/2] @)

where,
e/ 710.9716
A= [—2log (?) + (R_e) ] (3)
16

B = (37;:0> (4)
Chen Equation
Chen (1979) has also proposed an equation foidinidactor of the form

1_ o [ e _ 50452, (e1'1098 5.8506)] 5

o 9 |3706s0 Re 2.8257D = RY8981 ®)
Round Equation
Round (1980) proposed an equation of the folloviorgn:

1 e 6.5
ﬁ = —1.8log (0275 + R_e) (6)

Barr Equation
Barr (1981) Equation Is Of The Form:
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1 R 4.518l0g(5¢)
L= 2log|-S + —E0RG) 7
7 g [3-70 RE(HR‘;’jS(g)"’)] )

Zigrang And Sylvester Equation
Zigrang and Sylvester (1982) have proposed thevatlg equation:

1 e 5.02 e 5.02 e 13
ﬁ— 2l0g [ﬁ—zlo‘g (%_R_elog (mﬁ'R—e))] (8)
HAALAND
Haaland (1983) proposed frictional factor to behef form:
f= — 9)
—1.8log (%) +% }
Manadilli Equation
Manadilli (1997) proposed the following expressioatid for Re ranging from
5235 to 18 and for any value a#/D.
1 e | 95 9682
N zlog (3.7D + Re + Re ) (10)
ROMEO et al EQUATION
Romeo et al (2002) proposed an equation of the:form
1 e 5.0272
7o 2log (3.7065D " Re A) (11)
_ e 4.567 e/p \299% 5.3326 0-9345]
A = log [3.827D - R—elog [(7.7918) + (M) (12)

Nikuradse (1993)

Nikuradse equation is still one of the best equmstior fully developed turbulent flow in rough pj@nd it is of the form:
1

e o

Von Karman (1939)
The Von Karman (1939) equation for moody frictiofedtor for rough pipes is given by

1 _ 37
== 210g () (14)
wheree = relative roughness
_ ey
D) (15)
Swamee-Jain (1976)
The proposed frictional factor by Swamee-Jain ()95 6f the form:
=" (16)
[“’g(m+R;o.9)]
Ohirhian
Ohirhian (2005) proposed one of the best frictidaator equation with staggering accuracy. Ang given by
f= : (17)

21 ( e | 3.32 )2
[_ 09\37p " ge0-0086logRe+0.81 ]

In this work, we adopted von Karman, Nikuradsea®we-Jain, Haaland and Obhirhian friction factmt aonsidered their
effect on pressure drop. We make the decision baise¢lree factors:
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(1) Required precision (2) Speed of computatioruireg and (3) Available computational technologhpeTfriction factor
equations under consideration meet the aboveieriter
The proposed model is compared with Weymouth flovdeh [1] stated as:

05
_18.062T}, [(P2-PZ)D16/3
==

TZLGg
where
0.032
f= I
D3
Methodology

The motion of fluid is usually complex, and it istralways subjected to exact mathematical anal@@i® of the important
concept used in fluid flow is the energy equatiesagiated with fluid flow over the length of a caitdand is given by (1)
2
Mip+ 2 qu+ Ldz+ M gLy w=0 (18)
29c¢ 9e 2g¢D

c
The assumptions made for the development of thadetogy are, the flow is steady, temperature ssia&d constant over
the length of the conduit, kinetic energy is snaaltl negligible, no mechanical work is done on otHgyfluid and change in
elevation is zero because flow is horizontal. Eiquiaf18) becomes

144 M

2
ap + dL =0 (19)

Pg 29cD

144dp _ fmug?dlL

(20)
Pg 2g9cD
where the density of gas is given iy
28.97PG
Pg = ZRT g (21)
For the velocity of the Gad]
0.4166q4TZ
ug = ———t— (22)
Putting eqgn. (21) and egn (22) into eqn. (20)
0.1736q5T2Z2 fmdL
144dp ( PD? >
T [2897PGg\ — 2Dg (23)
( ZRT ) ¢
-5 2
—Pdp = 5.054X10 DS(;gTqufm dL (24)
Integrating both sides,
P2 _ _ (L5.054x107°GyTZqf fim
fm Pdp = fo o dL (25)
1.011x10" 4G 4q3TZf L
P?—p2= s (26)
Recall, for laminar flow, the friction factor is\gn as:
fn =1 (27)
But,
R, =22 (28)
Therefore,
e
fn =2 (29)
Insert egn. (21) and eqn. (22) into eqn (29) to get
fm _ 56.9uD (30)
Ggag
Inserting egn. (30) into eqgn. (26)
1.011X10™4G4q3TZL _ 56.9uD
P? — P? = . 959 = x Ggq‘; (32)
0.00575TZuL
P — P} =———¢ (32)
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where W is inb/Ftsec
Equation (32) is for Iaminar flow. For turbulend, recall, von Karman frictional factor for rougipes

J_ = 2lo g( ) (33)
where
_ ey
"~ D) (34)
Inserting egn. (33) into eqn. (26)
1.011x10™4G4q2TZL 1
Pt — P} = D5 20— x 3.7\1? (35)
[2109()]
-4 2
Plz _ Pzz _ 1.011x10 Ziqg;"ZL (36)
D3[zt09(%7)]
Equation (36) is for turbulent flow. From Swame&iJa
0.25
f - £ 574 (37)
[lo‘q 37D Re 09)]
1.011x10™4G4q3TZL 0.25
P? — P} = I ) 22 (38)
. ) [109(3 7D ReO9)]
pz_p2 = 2.528x105Ggq3TZL (39)

& . 2
p3[tog (57547505
Equation (39) is for turbulent flow. From Haalaretgiation
f= : (40)

2
111 ]

¢
_ D 6.9
1. 8109[( ) +Re

P12 _ Pzz _ 1.011x10‘:cgq§TZL % 1 i (a1)
D g\ o
—1. 8109[( D) +ﬁ
p?_p? = 1.011x10™4G4q3TZL i (42)
1.11
D5|-1.8log (E/D) +%]
Equation (42) is for turbulent flow. From Nikuradsietional equation,
1
=T a2 43
4 [1.74—2109(%)]2 (43)
P12 _ Pzz _ 1.011x10‘:cgq§TZL % 1 i (a4)
D 2e
[1.74-210g(%)]
P12 - PZ2 = M (45)
D5[1.74-2109(% )]
Equation (45) is for turbulent flow. From Ohirhi&ictional equation
1
f= 3 2 (46)
[ 2109(3 7D ReOOOBGlogRe+081)]
1.011x10"4G,q3TZL 1
Plz - PZZ - D5 = X 3.32 2 (47)
[ 2109(3 7D ReooosslogRe+081)]
P12 _ Pzz _ 1.011x10™*G4q3TZL (48)

Ds[—2109(3 7D ReO: ooseSIZ;Rew 81)]2

Equation (48) is for turbulent flow.

Results and Discussion
To accomplish our comparison, we assume the datarsfiable 1.
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Table 1: Data for Example Problem

J of NAMP

Temperature 520 Rankine
Conduit diameter 2.5 inches
Conduit length 5280ft (1 mile)
Gas deviation factor 0.9
Roughness 0.0007 inches
Specific gravity of gas 0.8

Viscosity 1 0.0019cp
Viscosity 2 0.0200cp

Fig.2 shows howAp varies with g, the developed model was solved ématton. It is observed that in laminar flow, tlade
of flow depends on the viscous force of the fllfdvas also observed thAp varies inversely to D and g (gas) varies D,
which implies that gie diameter is important in eaof the flow regime. Slight variation in absolutesebsity yieldec
changes in corresponding parameters. This furtferes that laminar flow depends basically on viggdsiscous force)

2500000

—|aminar 2

o lectf/day)

5000 10000 15000 20000 25000

Figure 2: Ap® (psia) against q(Scf/d) for laminar flow.

From theFig. 3, it's a curve is observed unlike laminar, whictaistraight line, denoting quadratic relationsHhigp@ssure
and rate. Comparing from graph, the models ardivelg more accurate than Weymouth because \Wouth assumed
frictional factor is not as accurate as those assufor the developed mod
The model close to that of Weymouth are T4 and itb the use of Nikuradse friction factor and th&Qdirhian (2005). T«
should be used when the use of Reynaldsber is not required and T5 when the use of Rdgnmumber is requiret
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Fig. 3. Ap® (psia) against q(Scf/d) for turbulent flow.

From Fig. 4, the pressure drop in laminar is re&yi small as compared to turbulent flow and alsespure increases
laminar flow as the viscosity increases.
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Fig. 4: Ap® (psia) against L (ft) for turbulent flow.

Conclusion

From the study, it was observed that laminar flpehds on viscous force (viscosity), as the visgascreases, th
pressure drop increases and gas flow rate decr Also in laminar flow, the flow is independent orethpecific gravity o
the gas. Here, the change in the square of theymes varies with the gas flow rate and inversel®. But it should be
noted that natural gases do not flow laminarlytumbulent flow, the viscous force is irrelevant and tlevfis dependent o
relative roughness and Reynolds number. When tw & not completely turbulent it will depend mara the Reynold
number and when it is completely turbulent, it wikpend more othe relative roughness. Also in turbulent flow,
specific gravity of the gas is important in thattlhs specific gravity increases, the pressure droppases and the gdow
raste decreases. Here, the change in the squahe pii¢ssures varies w the square of the gas flow rate and inversely
D”.

The diameter of the conduit affects the pressuog dnore on the turbulent flow than in the lamidanf the larger thi
diameter the larger the gas flow rate.
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