
Petroleum and Coal 
 

                        Pet Coal (2019); 61(6) 1314-1320 
ISSN 1337-7027 an open access journal 

Article                                                                Open Access 
 

 
MODELLING THE EFFECT OF ACCELERATION TERM ON TOTAL PRESSURE DROP IN 

HORIZONTAL GAS PIPELINES 
 
Nonso A. Okafor*, Victor J. Aimikhe, Boma Kinigoma 
 
Department of Petroleum and Gas Engineering University of Port Harcourt, Port Harcourt, Nigeria 

 
Received July 2, 2019; Accepted October 8, 2019 

 

 

Abstract 

In this study, the contribution of acceleration term to total pressure drop in horizontal gas pipelines 
was investigated. This was carried out by developing an analytical model for predicting total pressure 

drop in horizontal gas pipelines while incorporating the acceleration term in the model. The percentage 

contribution of pressure drop by acceleration term to total pressure drop (ψ) was then used to measure 
acceleration term effects. It was deduced that ψ strongly depends on pipe diameter and friction factor. 

Hence, percentage ratio of pressure drop due to acceleration effect to total pressure drop (ψ) was 

varied with pipe diameter for different friction factors. As pipe diameter was increasing, percentage 
ratio of pressure drop due to acceleration to total pressure drop (ψ) was decreasing. And for each pipe 

diameter, percentage ratios of pressure drop due to acceleration to total pressure drop were decreasing 

as the friction factor was increasing. In fact, for transmission lines, ψ was as high as 43.86% for a 16 
inches pipe with a friction factor of 0.02 and as low as 1.71% for a 48 inches pipe under a friction 

factor of 0.1. While for distribution lines, ψ was high as 99.5% at a friction factor of 0.02. In the end, 

it was ascertained that neglecting acceleration term in calculating total pressure drops in horizontal 
gas pipelines can be misleading, especially for small diameter pipelines. 

Keywords: Pressure drop; Acceleration term; Pipelines; Friction factor; Pipe diameter. 

 

1. Introduction  

Engineering of long distance transportation of natural gas through a pipeline requires 

enough knowledge of flow correlations for computing capacity and pressure requirements Due 
to the fact that pressures were low during the early development of the natural gas transmis-
sion industry, the equations used for design purposes were simple and suitable. 

However, as higher capacity demand became inevitable, pressures were also increased to 
meet up the demand, whereas new equations were, in turn developed to address the chal-

lenge. Presently, the petroleum industry has several equations for computing the flow of gases 
in pipelines. Probably, Weymouth equation is the most common pipeline flow equation and is 
preferably known to be for smaller diameter lines (less than or equal to 15 in.). Meanwhile, 
the Panhandle equation and the Modified Panhandle equation are usually preferred for larger 
diameter size transmission lines [5]. 

The general energy equation is usually the starting point for most analytical equations de-
scribing numerous systems and scenarios encountered in engineering. Starting with very long 
and cumbersome equations, a combination of different mathematical operations like differen-
tiation and integration are normally used to arrive at much simpler and easy to use equations 
we all like. In arriving at the much simpler equations, different levels of assumptions and 
trade-offs are made. These assumptions are necessary to make the cumbersome general en-

ergy equations amenable to mathematical solutions.  
But, experience has proven that these assumptions have substantial effects on the accuracy 

of the resulting; hence, it is pertinent to study the effects of these assumptions. Other ana-
lytical equations that measure pressure drop in gas pipelines usually assume acceleration term 
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to be negligible. And this like other assumptions, affect the reliability of these equations, 
thereby prompting the need for the effects of this assumption to be studied and evaluated. 

2. Model development 

In this study, the effects of acceleration term in pressure drop calculations of gas pipe-
lines will be analyzed by considering steady-state flow of dry gas in constant diameter pipe-

lines. The following procedure will be followed: 
• Creating a schematic gas pipeline transportation model. 
• Starting with the general energy equation, and then deriving a new analytical equation 

that will incorporate the acceleration term. 
• Measuring the contribution of acceleration term to total pressure drop in gas pipelines. 

Using general energy equation, energy balance on the whole system between points 1 and 
2 in Figure 1 below may be written as 

𝑈2 + 𝑃2 𝑉2 +
𝑚𝑢2

2

2𝑔𝑐
+

𝑚𝑔𝑍2

𝑔𝑐
= 𝑈1 + 𝑃1𝑉1 +

𝑚𝑢1
2

2𝑔𝑐
+

𝑚𝑔𝑍1

𝑔𝑐
+ 𝑄 − 𝑤 − 𝑙𝑤        (1) 

 
Figure 1. A gas transmission line model [5] 

where:𝑈= internal energy; 𝑝𝑉= energy of compression or expansion; 
𝑚𝑢2

2𝑔𝑐
= potential energy;  

𝑄= heat energy added to fluid; 𝑤= shaft work done by the surrounding on the gas. 
Dividing Equ. 1 through by m to obtain an energy per unit mass balance and writing the 

resulting equation in differential form yields 

𝑑𝑈 + 𝑑 (
𝑝

𝜌
) +  𝑢

𝑑𝑢

𝑔𝑐
+ 𝑔

𝑑𝑧

𝑔𝑐
+ 𝑑𝑄− 𝑑𝑤 = 0                      (2) 

Assuming the following: 

(a)The flow is the steady state and steady flow. 
(b)The flow is isothermal in the pipeline. 
(c)The flow is horizontal. 
(d)There is no work done by or on the gas during flow across the system. 
But,  

𝑑ℎ = 𝑇𝑑𝑠 + 
𝑑𝑝

𝜌
 and 𝑑𝑈 = 𝑑ℎ −  𝑑 (

𝑝

𝜌
) = 𝑇𝑑𝑠 + 

𝑑𝑝

𝜌
−  𝑑 (

𝑝

𝜌
)             (3) 

where: ℎ= enthalpy; 𝑠= entropy; 𝑇= temperature; 𝜌= density; 𝑝= gas pressure; 𝑈= internal 

energy. 
Inserting Equ. (3) into Equation (2), 

𝑇𝑑𝑠+ 
𝑑𝑝

𝜌
+  𝑢

𝑑𝑢

𝑔𝑐
+ 𝑔

𝑑𝑧

𝑔𝑐
+ 𝑑𝑄 − 𝑑𝑤 = 0                     (4) 

Clausis inequality for an irreversible process states that 𝑑𝑠 ≥ 
−𝑑𝑄

𝑇
 

𝑇𝑑𝑠 = −𝑑𝑄 + 𝑑(𝑙𝑤)                       (5) 

where: 𝑙𝑤= loss work due to irreversibilities. 
Substituting Equ. (5) into Equ. (4), 

𝑑𝑝

𝜌
+  𝑢

𝑑𝑢

𝑔𝑐
+ 𝑔

𝑑𝑧

𝑔𝑐
+ 𝑑(𝑙𝑤) − 𝑑𝑤 = 0                         (6) 

If no work is done by or on the fluid, 𝑑𝑤 = 0 then, 
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𝑑𝑝

𝜌
+  𝑢

𝑑𝑢

𝑔𝑐
+ 𝑔

𝑑𝑧

𝑔𝑐
+ 𝑑(𝑙𝑤) = 0                          (7) 

Considering a more general case of an inclined pipe 

 

Figure 2: An inclined pipeline [5] 

Therefore, we have 
𝑑𝑝

𝜌
+  𝑢

𝑑𝑢

𝑔𝑐
+ 𝑔

𝑑𝐿𝑠𝑖𝑛𝜃

𝑔𝑐
+ 𝑑(𝑙𝑤) = 0                       (8) 

Multiplying through by 𝜌/𝑑𝐿 
𝑑𝑝

𝑑𝐿
+  𝜌𝑢

𝑑𝑢

𝑔𝑐𝑑𝐿
+ 𝑔

𝜌𝑠𝑖𝑛𝜃

𝑔𝑐
+ 𝜌

𝑑(𝑙𝑤)

𝑑𝐿
= 0                      (9) 

Considering pressure drop in the positive direction, 
𝑑𝑝

𝑑𝐿
 =  𝜌𝑢

𝑑𝑢

𝑔𝑐𝑑𝐿
+ 𝑔

𝜌𝑠𝑖𝑛𝜃

𝑔𝑐
+ 𝜌

𝑓𝑢2

2𝑔𝑐𝐷
                     (10) 

where: 
𝑑(𝑙𝑤)

𝑑𝐿
= 

𝑓𝑢2

2𝑔𝑐𝐷
. 

Considering a horizontal pipe, 
𝑑𝑝

𝑑𝐿
 =  𝜌𝑢

𝑑𝑢

𝑔𝑐𝑑𝐿
+ 𝜌

𝑓 𝑢2

2𝑔𝑐𝐷
                        (11) 

Recall, 

𝑢 = (
𝑞

86400
) (

𝑇

𝑇𝑏
)(

𝑃𝑏

𝑃
) (

𝑧

1.00
) (

4

𝜋𝐷2)                   (12) 

But, the total surface area of a cylinder = Area of the two circular ends + Area of the 

curved surface 
𝐴𝑡 = 2𝜋𝑟2 + 2𝜋𝑟𝐿  where L= length of pipe  

Rearranging, 

2𝜋𝑟2 = 𝐴𝑡 + 2𝜋𝑟𝐿;   𝜋𝑟2 =
𝐴𝑡+2𝜋𝑟𝐿

2
;  𝜋 (

𝐷

2
)

2
=

𝐴𝑡+2𝜋𝑟𝐿

2
 

𝜋𝐷2

4
=

𝐴𝑡+𝜋𝐷𝐿

2
                           (13) 

Substituting equ. (13) into (12) 

𝑢 = (
𝑞

86400
) (

𝑇

𝑇𝑏
)(

𝑃𝑏

𝑃
) (

𝑧

1.00
) (

2

𝐴𝑡+𝜋𝐷𝐿
)                     (14) 

Therefore, 𝑢 = 𝐵.(𝐴𝑡 + 𝜋𝐷𝐿)−1;   𝑢 = 𝐵.(𝐻) −1 

where 𝐵 = (
𝑞

86400
) (

𝑇

𝑇𝑏
) (

𝑃𝑏

𝑃
) (

𝑧

1.00
) (

2

1
); 𝐻 = 𝐴𝑡 + 𝜋𝐷𝐿 

But   
𝑑𝑢

𝑑𝐿
=

𝑑𝑢

𝑑𝐻
.

𝑑𝐻

𝑑𝐿
 

But  
𝑑𝑢

𝑑𝐻
= −𝐵.(𝐻) −2  and 

𝑑𝐻

𝑑𝐿
=  −𝜋𝐷 

Hence  
𝑑𝑢

𝑑𝐿
= −𝐵.(𝐻) −2 × −𝜋𝐷; =

𝐵𝜋𝐷

𝐻2  

Substituting accordingly, 
𝑑𝑢

𝑑𝐿
= (

𝑞

86400
) (

𝑇

𝑇𝑏
) (

𝑃𝑏

𝑃
) (

𝑧

1.00
)

2𝜋𝐷

(𝐴𝑡+𝜋𝐷𝐿)2
 =

𝑢𝜋𝐷

(𝐴𝑡+𝜋𝐷𝐿)
              (15) 

Substituting equ. (14) and (15) into (11) and collecting like terms, 
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(
𝑑𝑃

𝑑𝐿
) =

𝑢𝜌

𝑔𝑐
[

𝑓𝑢

2𝐷
+ 

𝑑𝑢

𝑑𝐿
](

𝑑𝑃

𝑑𝐿
) =

𝑢𝜌

𝑔𝑐
[

𝑓𝑢

2𝐷
+

𝑢𝜋𝐷

(𝐴𝑡+𝜋𝐷𝐿)
] =

𝑢2𝜌

𝑔𝑐
[

𝑓

2𝐷
+

𝜋𝐷

(𝐴𝑡+𝜋𝐷𝐿)
]           (16) 

where: 𝑓= Moody’s friction factor, dimensionless; 𝑢= gas velocity, ft/s; 𝜌= gas density, 
lbm/ft3; 𝐷= pipe internal diameter, ft; 𝐿= pipe length, ft; 𝑔𝑐= conversion factor = 32.17 lbm-
ft/lbf-s2; 𝐴𝑡= total surface area of pipe = 𝜋𝐷(𝑟 + 𝐿); 𝜋= pi = 3.1428571429. 

Hence  
∆𝑃

𝐿
=

𝑢2𝜌

𝑔𝑐
[

𝑓

2𝐷
+

𝜋𝐷

(𝐴𝑡+𝜋𝐷𝐿)
] 

Making u2 the subject, 

𝑢2 =
∆𝑃

𝐿
. (

2𝐷(𝐴𝑡−𝜋𝐷𝐿)

𝑓(𝐴𝑡−𝜋𝐷𝐿)+2𝜋𝐷2
) .

𝑔𝑐

𝜌
                   (17) 

Recall   𝑢 = (
𝑄

86400
) (

𝑇

𝑇𝑏
)(

𝑃𝑏

𝑃
) (

𝑧

1.00
) (

2

𝐴𝑡+𝜋𝐷𝐿
) and substituting for u in equ. (17), 

[(
𝑄

86400
) (

𝑇

𝑇𝑏
) (

𝑃𝑏

𝑃
) (

𝑧

1.00
) (

2

𝐴𝑡−𝜋𝐷𝐿
)]

2
= 

∆𝑃

𝐿
. (

2𝐷(𝐴𝑡−𝜋𝐷𝐿)

𝑓(𝐴𝑡−𝜋𝐷𝐿)+2𝜋𝐷2
).

𝑔𝑐

𝜌
 [(

𝑄

86400
) (

𝑇

520
) (

14.7

𝑃
) (

𝑧

1.00
) (

2

𝐴𝑡−𝜋𝐷𝐿
)]

2
= 

∆𝑃

𝐿
. (

2𝐷(𝐴𝑡−𝜋𝐷𝐿)

𝑓(𝐴𝑡−𝜋𝐷𝐿)+2𝜋𝐷2
) .

𝑔𝑐

𝜌
 

Therefore, 
𝑄2

2018525184000000
.
𝑇 2

1
.
216.09

𝑃2
.
𝑧2

1
.

4

(𝐴𝑡 − 𝜋𝐷𝐿)2
=

∆𝑃

𝐿
. (

2𝐷(𝐴𝑡 − 𝜋𝐷𝐿)

𝑓(𝐴𝑡 − 𝜋𝐷𝐿) + 2𝜋𝐷2
).

𝑔𝑐

𝜌
 

Making Q2 the subject, 

𝑄2 = 2335282965431(
𝑃𝑎𝑣𝑔(𝐴𝑡 − 𝜋𝐷𝐿)

𝑇𝑎𝑣𝑔𝑧𝑎𝑣𝑔

)

2

.
∆𝑃

𝐿
. (

2𝐷(𝐴𝑡 − 𝜋𝐷𝐿)

𝑓(𝐴𝑡 − 𝜋𝐷𝐿) + 2𝜋𝐷2
).

𝑔𝑐

𝜌
 

Taking the square root of both sides, 

𝑄 = 1528163.27 × (
𝑃𝑎𝑣𝑔(𝐴𝑡 − 𝜋𝐷𝐿)

𝑇𝑎𝑣𝑔𝑧𝑎𝑣𝑔

)

2

. [
∆𝑃

𝐿
. (

2𝐷(𝐴𝑡 − 𝜋𝐷𝐿)

𝑓(𝐴𝑡 − 𝜋𝐷𝐿) + 2𝜋𝐷2
) .

𝑔𝑐

𝜌
]

0.5

 

Or 

𝑄 = 1528163.27 × (
𝑃𝑎𝑣𝑔∅

𝑇𝑎𝑣𝑔𝑧𝑎𝑣𝑔

)

2

. [
(𝑃1 − 𝑃2 )𝑔𝑐

𝐿𝜌
.(

2𝐷∅

𝑓∅ + 2𝜋𝐷2
)]

0.5

 

where: ∅= 𝐴𝑡 − 𝜋𝐷𝐿; 𝑓= Moody’s friction factor, dimensionless; 𝑢= gas velocity, ft/s; 𝜌= gas 

density, lbm/ft3; 𝐷= pipe internal diameter, ft; 𝐿= pipe length, ft; 𝑔𝑐= conversion factor = 
32.17 lbm-ft/lbf-s2; 𝐴𝑡= total surface area of pipe = 𝜋𝐷(𝑟 + 𝐿); 𝜋= pi = 3.1428571429; 𝑃𝑎𝑣𝑔= 

average pressure of the gas, psia;𝑇𝑎𝑣𝑔= average temperature of gas, oR; 𝑧𝑎𝑣𝑔= average com-

pressibility of gas, dimensionless; 𝑄= gas flow rate (Scfd). 

3. Ratio of pressure drop due to acceleration to total pressure drop 

The ratio of pressure drop due to acceleration to total pressure drop can now be defined as [2]: 

𝜓 =  
𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑑𝑟𝑜𝑝 𝑑𝑢𝑒 𝑡𝑜 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛

𝑡𝑜𝑡𝑎𝑙 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑑𝑟𝑜𝑝
 

From equation (3.16), recall, 

(
𝑑𝑃

𝑑𝐿
)

𝑡𝑜𝑡𝑎𝑙
= 

𝑢2𝜌

𝑔𝑐

[
𝑓

2𝐷
+

𝜋𝐷

(𝐴𝑡 + 𝜋𝐷𝐿)
] =

𝑓𝑢2𝜌

2𝐷𝑔𝑐

+
𝜋𝐷𝑢2𝜌

(𝐴𝑡 + 𝜋𝐷𝐿)𝑔𝑐

 

where: 
𝑓𝑢2𝜌

2𝐷𝑔𝑐
 = pressure drop due to friction; 

𝜋𝐷𝑢2𝜌

(𝐴+𝜋𝐷𝐿)𝑔𝑐
= pressure drop due to acceleration. 

Therefore, 

𝜓 = 
[

𝜋𝐷𝑢2𝜌
(𝐴𝑡 + 𝜋𝐷𝐿)𝑔𝑐

]

𝑓𝑢2𝜌
2𝐷𝑔𝑐

+
𝜋𝐷𝑢2𝜌

(𝐴𝑡 + 𝜋𝐷𝐿)𝑔𝑐

=

𝑢2𝜌
𝑔𝑐

.  
𝜋𝐷

(𝐴𝑡 + 𝜋𝐷𝐿)

𝑢2𝜌
𝑔𝑐

. [
𝑓

2𝐷 +
𝜋𝐷

(𝐴𝑡 + 𝜋𝐷𝐿)]
=

𝜋𝐷
(𝐴𝑡 + 𝜋𝐷𝐿)

[
𝑓

2𝐷
+

𝜋𝐷
(𝐴𝑡 + 𝜋𝐷𝐿)]

= 
  𝜛

[
𝑓

2𝐷
+ 𝜛 ]

= 
  1

[
𝑓

2𝐷𝜛
+ 1 ]

 

where 𝜛 =
𝜋𝐷

(𝐴+𝜋𝐷𝐿)
 

4. Results and discussion 

The percentage ratio of pressure drop due to acceleration to total pressure drop (ψ) was 
varied with pipe diameter at different friction factors. As pipe diameter was increasing, the 
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percentage ratio of pressure drop due to acceleration to the total pressure drop was also 
decreasing. Pipeline parameters used in model development are presented in Table 1 

Table 4. Pipeline parameters used in model development 

Pipeline parameter (symbol) Value 

Base temperature (Tb) 520 oR 

Base pressure (Pb) 14.7 psia 
Inlet pressure (P1) 200 psia 

Outlet pressure (P2) 30 psia 

Gas specific gravity (𝛾𝑔 ) 0.75 

Gas temperature (T) 545oR 
Pseudo-critical pressure (Ppc) 661 psia 

Pseudo-critical temperature (Tpc) 411 oR 

Inclination angle 0 degree 

These trends were depicted graphically in Figure 3. From Figure 3, the percentage contri-
bution of pressure drop due to acceleration to total pressure drop was large at low pipe diam-

eters. This is because for a fixed flow rate, reducing pipe diameter increases velocity and 
acceleration, hence increasing pressure drop due to acceleration. But, for bigger diameter 
pipes, there is normally a larger surface area for fluid flow, and the major contributor to total 
pressure drop is normally friction between fluid layers and friction along the pipe wall. Showing 
that neglecting pressure drops due to acceleration can be misleading, especially for small diameter 
pipes.  

 

Figure 3. Graphical representation of the variation of ψ with pipe diameter at different friction factor 

values for transmission lines  

Also, the variation of percentage ratio of pressure drop due to acceleration to total pressure 

drop with ϖ  (given by 
𝜋𝐷

(𝐴+𝜋𝐷𝐿)
) was investigated. From the figure, it is obvious that there exists 

a positive correlation between the two parameters. Consequently, as ϖ  was increasing, the 
percentage ratio of pressure drop due to acceleration to the total pressure drop was also 
increasing. This trend was depicted graphically in Figure 4. 
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Figure 4. Showing the variation of ψ with ϖ  for different friction factor values for transmission lines 

 

Figure 5. Graphical representation of variation of ψ with pipe diameter at different friction factor values 
for distribution lines 

Figure 5 above shows the variation of ψ with pipe diameter at different friction factor values 
for distribution lines. As pipe diameter was increasing, the percentage ratio of pressure drop 
due to acceleration to the total pressure drop was decreasing. Also, from Figure 5, percentage 
contribution of pressure drop due to acceleration to total pressure drop is large at low pipe 
diameters. Like for transmission lines, this can be explained by the fact that for a fixed flow 

rate, reducing pipe diameter increases velocity and acceleration, hence increasing pressure 
drop due to acceleration. But, for higher diameter pipes, there is normally a larger surface 
area for fluid flow, and the major contributor to total pressure drop is normally friction between 
fluid layers and friction along the pipe wall. Due to smaller pipes, the effects of acceleration 
term are more pronounced in distribution pipes.  
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5. Conclusion 

From the study, the following conclusions can be made: 

a) An analytical model for estimating total pressure drop, including pressure drop due to ac-
celeration in horizontal gas pipelines, was developed. 

b) Also, the percentage contribution of pressure drop due to acceleration to total pressure 
drop in horizontal gas pipelines was investigated. 

c) The effects of acceleration term are more pronounced for distribution lines than transmis-
sion lines. 

d) And it was ascertained that neglecting the acceleration term in predicting total pressure 
drops in horizontal gas pipelines can be misleading, especially for small diameter pipes.  

5. Recommendation 

The study can further be extended to gas flows in other conditions like vertical pipe flow; 
inclined pipe flows etc.  

References 

[1] Coelho PM and Pinho C. Considerations about equations for steady state flow in natural gas 

pipelines. J. of the Braz. Soc. of Mech. Sci. & Eng., 2007; 29 (3): 273-285. 

[2] Demneh, FA, and Mesbah A. The effect of kinetic energy change on flow in gas pipelines. 
Hydrocarbon Processing, 2008.  Available at: https://www.researchgate.net/publica-

tion/257355356. 

[3] Francis SM and Richard ET. Oilfield processing of petroleum, Natural Gas, Volume 1, PenWell 
Books, 1991. 

[5] Ikoku CU. Natural Gas Production Engineering, reprint edition. Krieger Publishing Company: 

Florida, 1992. 
[6] Magni CA. An average-based accounting approach to capital asset investments: the case of 

project finance, European Accounting Review, 2015.   

[7] Mohitpour M, Golshan H, and Murray A. Pipeline design and construction: a practical ap-
proach, ASME Press, 2000. 

[8] Oruwari HO and Dosunmu A. Optimum utilization of natural gas from marginal oil fields in 

Nigeria, International Journal of Innovative Research and Development, 2016. ISSN 2278–0211. 
[9] Osiadacz AJ. Simulation and analysis of gas networks, E. & F.N. SPON, London, 1987. 

[10] Ouyang LB and Aziz K. Steady-state gas flow in pipes, J. Pet. Sci. Engng, 1996; 14, pp. 137–158. 

[11] Pritchard R, Guy JJ., and Connor NE. Industrial gas utilization, engineering principles, and 
practice, Bowker Publishing Company, Epping, Essex, 1978. 

[12] Qiang-han F, Shi-chen G, Jia-chao Z, and Xiao-chuang Y. Well bottom-hole flowing pressure 

evaluation method in 48 block of s gas field, International Conference on Energy and Envi-
ronmental Protection (ICEEP), 2016. 

[13] Smith RV. Practical natural gas engineering, Pen Well Books, 1990. 

[14] Young KL. Effect of assumptions used to calculate bottom-hole pressures in gas wells, J. Pet 
Technol., 1967; 19 (4) pp. 547–550.  

 
 
To whom correspondence should be addressed: Dr. Nonso A. Okafor, Department of Petroleum and Gas Engineering 

University of Port Harcourt, Port Harcourt, Nigeria, E-mail arinoz84@yahoo.com 

1320

mailto:arinoz84@yahoo.com

	Abstract
	1. Introduction
	2. Model development
	3. Ratio of pressure drop due to acceleration to total pressure drop
	4. Results and discussion
	5. Conclusion
	References



