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Summary
Gas transient flow in a gas pipeline and gas tank is critical in flow 
assurance. Not only does leak detection require a delicate model to 
simulate the complicated yet dramatically changed phenomena, but 
gas-pipeline and gas-tank design in metering, gathering, and trans-
portation systems demands an accurate analysis of gas transient flow, 
through which efficient, cost-effective operation can be achieved.

Traditionally, there are two types of approaches used to inves-
tigate gas transient flow: One involves treating gas as ideal gas so 
that the ideal-gas law can be applied, and the other considers gas 
as real gas, allowing the gas-compressibility factor to come into 
play. Needless to say, the former method can result in an analytical 
solution to gas transient flow with a deviation from the real-gas 
performance, which is very crucial in daily operation. The latter 
approach requires a numerical method to solve the governing equa-
tion, leading to instability issues with a more-accurate result. Our 
literature review indicated that no study considering the effect of 
changing gas viscosity on the transient flow was available; there-
fore, this effect was included in our study.

Our investigation showed that viscosity does have a significant 
influence on gas transient flow in pipe- and tank-leakage evaluation. 
In this study, a comprehensive evaluation of all variables was per-
formed to determine the most-important factors in the gas transient 
flow. Several case studies were used to illustrate the significance of 
this study. Engineers can perform a more-reliable evaluation of gas 
transient flow by following the method used in our study.

Introduction
The importance of gas transient flow in a gas pipeline and gas tank 
cannot be overemphasized in flow assurance. Owing to the advance-
ment of technology in drilling, completion, offshore operation, and 
long-distance pipeline transportation, more and more offshore gas 
fields are being developed by means of subsea wellheads, with pro-
duction being transported by long subsea pipelines, which increases 
gas-project feasibility through cost reduction because no platform is 
required. Yet, this type of development setup brings complexity and 
makes operation and maintenance challenging. Without the support 
of a platform, many operations, such as pipeline-leakage detection, 
pipeline pigging, pipeline testing, well shut-in, production startup or 
restart, and well workover, are difficult to conduct. Sometimes, it is 
impossible to fulfill the operation. Under such conditions, gas-tran-
sient-flow analysis stands out as a vital approach in diagnostics, and 
it is imperative in gas-pipeline and -tank design. An integrated and 
complicated gas-metering, -gathering, and -transportation system de-
mands an accurate analysis of gas transient flow, through which effi-
cient, cost-effective operation can be achieved.

Both analytical and numerical methods are applied in gas tran-
sient-flow analysis. Needless to say, the former method can result 
in a fast and stable solution to gas transient flow, but it can be ap-
plied only in a very simple or ideal condition. Ideal gas is always 
assumed to obtain an analytical solution. In the field, we face the 
real gas with complex pipeline networks. To deal with these real 
situations, we resort to the numerical method, through which more-
accurate results can be achieved.

Many researchers have conducted investigations on gas tran-
sient flow in gas pipelines and tanks. Luongo (1986) studied the 
gas transient flow in a constant-cross-section pipe. He linearized 
the partial-differential equation and developed a numerical solution 
to the linear parabolic partial-differential equation. In his deriva-
tion, friction factor was calculated from steady-state condition or, 
in other words, constant friction factor for transient flow. Zhou and 
Adewumi (2000) included the kinetic-energy term in the governing 
equation and solved the partial-differential equation numerically. 
Reddy et al. (2006) built dynamic simulation models using a fully 
nonlinear second-order-accurate finite-difference method for state 
estimation and leak detection. Scott and Satterwhite (1998) evalu-
ated blockage detection with a backpressure technique, assuming 
“fully rough flow.” The meaning of fully rough flow is constant 
friction factor.

Gas-Flow Regime
When gas passes through a restriction (e.g., a throated pipe, a 
nozzle, an orifice, or a valve in a pipe) and into a lower-pressure 
environment, it experiences a choked flow. The knowledge of gas 
flow through restrictions will help us understand the gas transient 
flow in pipe and tank. Gas flow out of pipeline or tank can be di-
vided into subsonic flow and sonic flow, according to flow regime. 
Sonic flow is defined as the point at which the fluid-flow velocity 
through a choke or throated pipe reaches the velocity of sound in 
the fluid under the in-situ condition. In other words, the upstream 
cannot “feel” the pressure wave propagated from downstream up-
ward because the fluid is travelling in the opposite direction with 
the same velocity under sonic-flow conditions. An easy way to de-
termine if the flow falls into the sonic-flow region is the critical 
pressure ratio. Sonic flow occurs when the downstream/upstream 
pressure ratio is equal to or less than the critical pressure ratio, 
which is expressed as
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where pdown is the downstream pressure, pup is the upstream pres-
sure, k=Cp/Cv is the specific-heat ratio of fluid, Cp is the fluid heat 
capacity at constant pressure, and Cv is the fluid heat capacity at 
constant volume.

From its name, we know that subsonic flow exists when flow ve-
locity is less than the sound velocity in the fluid at the in-situ condi-
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tion. For subsonic flow, the pressure ratio is greater than the critical 
pressure ratio.

Methodology
Gas transient flow often occurs in gas flowing through a choke, a 
throated pipe, a gas-tank discharge, and/or a leaking pipe or tank. 
The material-balance principle is applied in the gas transient flow. 
Considering a section of pipeline or a tank that has an inlet and an 
outlet, the moles of gas that accumulate in that pipeline or tank can 
be obtained by

n n n niaccumu in out= + − , ............................................................ (2)

where naccumu is the moles of gas accumulated in the pipeline or the 
tank, ni is the initial moles of gas in the pipeline or the tank, nin is 
the moles of gas that flow into the pipeline or the tank, and nout is 
the moles of gas that flow out of the pipeline or the tank.

Gas flow into the pipeline or the tank is subject to less pressure 
change. The estimation of gas-volume flow into the pipeline or the 
tank is easy and reliable. Gas that flows out of the pipeline or the 
tank through a choke, a throated pipe, a gas-tank discharge, and/
or a leaking pipe or tank experiences a dramatic pressure change. 
Gas flow-out volume varies quickly as pipeline or tank pressure 
changes. The calculation of flow-out volume is complicated and 
difficult to predict. The accurate estimation of flow-out volume 
is of significance in gas-tank discharge and pipeline- and tank-
leakage detection. Therefore, in this paper, we assume that the 
flow-in gas volume is known or given. The gas flow-out volume 
calculation is our objective. The gas-tank discharge time is also im-
portant in flow assurance.

From the practical-application point of view, we discuss two 
important gas-transportation phenomena: (1) subsonic flow of 
gas through a throated pipe in the case of dramatic pipe-diameter 
change; and (2) gas discharge from the pipeline/tank or the pipe-
line/tank leakage, which can be simulated as choke performance. 
The real-gas law gives the pressure/volume/temperature relation-
ship of gas at initial condition:

pV zn RTi i i i i= ,  .......................................................................... (3)

where pi is the initial gas pressure in the pipeline or the tank, Vi is 
the gas volume at initial condition, zi is the gas compressibility at 
initial condition, ni is the number of moles, R is the universal gas 
constant, and Ti is the initial temperature in the pipeline or the tank.

When pressure declines because of gas flow out of the pipeline 
or the tank, Eq. 3 becomes

pV znRT= ,  ........................................................................... (4)

where p is the gas pressure in the pipeline or the tank, V is the gas 
volume at pressure p and temperature T, z is the gas compressibility 
at pressure p and temperature T, n is the number of moles, n=ni for 
constant composition expansion, and T is the temperature in the 
pipeline or the tank.

If there is no gas flow into the pipeline or tank (nin=0), the gas 
flow out of the pipeline or tank is a constant-composition-expan-
sion process. Eq. 1 can be expressed by
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where Vout is the gas-volume flow out of the pipeline or the tank 
and Vi is the initial gas volume.

Gas Flow Through a Throated Pipe. Now, considering the case 
of subsonic flow of gas through a throated pipe, gas-volume flow 
through the pipe can be calculated by the product of flow rate and 
time. If the pipe is in the horizontal direction, the flow rate can 

be calculated from the pressure drop in the throated pipe, or the 
Weymouth (1912) equation, which is
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where q is the gas-flow rate, C is the constant for unit conversion, 
D is the throated-pipe diameter, Tsc is the standard-condition tem-
perature, Psc is the standard-condition pressure, z̄̄ is the average gas 
compressibility equal to (zup+zdown)/2, T̄̄  is the average tempera-
ture equal to (Tup + Tdown)/2, γg is the gas specific gravity, L is the 
throated-pipe length, and f is the friction factor, which can be cal-
culated by the Jain (1976) correlation,
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where eD is the relative roughness, which is defined as the ratio of 
the absolute roughness to the pipe internal diameter,

e
DD = ε ,  .................................................................................. (8)

and NRe is the Reynolds number, which can be expressed as a di-
mensionless group,

N
Du
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µ

,  ........................................................................... (9)

where ε is the absolute roughness, μ is the gas viscosity, ρ is the gas 
density, and u is the gas-flow velocity.

Substituting Eq. 9 into Eq. 7 and then substituting Eq. 7 into 
Eq. 6, we obtain
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Because gas-flow velocity can be expressed as

q D u= π
4

2 ,  ........................................................................... (11)

Eq. 10 can be rearranged into
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Obviously, Eq. 12 is an implicit equation for flow rate q. Average 
gas compressibility, density, and viscosity are functions of pres-
sure, temperature, and composition. Because pressure and temper-
ature change with time, so do z-factor, density, and viscosity; the 
analytical solution to the flow rate is impossible, and Eqs. 5 and 
12 need to be solved simultaneously. The procedure comprises the 
calculation of z-factor, density, and viscosity at updated pressure 
and temperature. A small timestep needs to be applied to solve the 
equations numerically.

Gas Discharge From the Pipeline/Tank or Pipeline/Tank 
Leakage. Gas discharge from the pipeline/tank or pipeline/tank 
leakage can be treated as choke performance. As mentioned in 
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the preceding gas-flow regime, at the early stage of gas discharge 
from the pipeline/tank or pipeline/tank leakage, sonic flow domi-
nates because of the high upstream pressure compared with the low 
downstream pressure. Then, it changes to subsonic flow as the pipe-
line or tank pressure reduces. Under the sonic-flow condition, gas 
velocity reaches its maximum value. The flow rate of sonic flow 
can be calculated by
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where A is the cross-sectional area of the choke, Tup is the upstream 
temperature, and CD is the choke-discharge coefficient, which can 
be determined on the basis of Reynolds number and choke-/pipe-
diameter ratio. The Guo and Ghalambor (2005) correlation pro-
vides a feasible way to estimate CD:
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where d1 is the pipe or tank diameter and d2 is the choke diameter.
One misconception of gas-flow rate under the sonic-flow re-

gime should be avoided. On the basis of the fact that gas velocity 
reaches its maximum value, some may draw the conclusion that 
gas-flow rate does not change even as upstream pressure increases. 
This is not true. As can be seen from Eq. 13, gas-flow rate increases 
as upstream pressure increases. Even though velocity does not 
change, the density increases as upstream pressure increases. Thus, 
the mass-flow rate increases. Consequently, volume-flow rate in-
creases. From Eq. 13, we see that an increase in downstream pres-
sure will not affect the gas-flow rate until the ratio of downstream 
to upstream pressure reaches the critical pressure ratio and sonic 
flow transitions to subsonic flow.

Subsonic flow occurs when the downstream-/upstream-pres-
sure ratio is larger than the critical pressure ratio. Under subsonic-
flow condition, the change in the downstream pressure can be “felt” 
by the upstream pressure. Gas-flow rate can be calculated by

q C Ap
k

k T

p

p

p

pD
g

k

k

=
−( )









 −











+

1 248
2

1

2

, up
up

down

up

down

upγ

11

k
















 ............................................. (15)

Again, both sonic flow and subsonic flow have a choke-dis-
charge coefficient in the flow-rate calculation. As shown by Eq. 14, 
the choke-discharge coefficient is a function of the choke diameter, 
the pipe/tank diameter, and the Reynolds number. If we recall the 
definition of the Reynolds number in Eq. 9, we find that neither 
Eq. 13 nor Eq. 15 is the explicit equation for gas-flow rate. We face 
the same difficulty as in the Gas Flow Through a Throated Pipe 
case. Because the gas density and viscosity change as upstream and 
downstream pressure and temperature change, the analytical solu-
tion to obtain flow rate as a function of time, pressure, temperature, 
pipe/tank and choke geometry, and gas composition is impossible. 
Eqs. 5, 13, and 15 need to be solved simultaneously, considering 
that gas discharge from the pipeline/tank or pipeline/tank leakage 
consists of sonic flow and subsonic flow in most cases. Therefore, 
methods to obtain the z-factor, density, and viscosity are necessary 
in solving these equations numerically.The Brill and Beggs (1974) 
correlation provides an accurate way to calculate z-factor:
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and Tpr and Ppr are the pseudoreduced temperature and pseudo-
reduced pressure, respectively.

Once the gas-compressibility factor is provided, gas density can 
be calculated by
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With a given z-factor and density, gas viscosity can be estimated by 
the Gonzalez et al. (1970) correlation, as

µ ρ= ( )−10 4 K X Yexp ,  .......................................................... (18)
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Y X= −2 447 0 2224. . , and Mw is the molecular weight.

Calculation Procedure
1. Calculate the initial gas volume in the pipe or the tank. Cal-

culate the gas volume at standard condition, which will be used as 
initial gas volume in Eq. 5.

2. Calculate the gas z-factor, density, and viscosity under initial 
condition with Eqs. 16, 17, and 18, respectively.

3. Choose a small timestep, and calculate the gas-flow rate out 
of the pipe or the tank by using Eq. 12, Eq. 13, or Eq. 15, whichever 
is appropriate. At this stage, initial condition is applied.

4. Calculate the gas-volume flow out of the pipe or the tank 
using flow time and the gas-flow rate from Step 3.

5. Calculate the pressure and temperature after depleting a cer-
tain gas volume in Step 3 by using Eq. 5.

6. Calculate the remaining gas volume at standard condition.
7. Calculate the gas z-factor, density, and viscosity under up-

dated pressure and temperature condition with Eqs. 16, 17, and 18, 
respectively.

8. Choose a small timestep, and calculate the gas-flow rate out 
of the pipe or the tank with Eq. 12, Eq. 13, or Eq. 15, whichever 
is appropriate. At this stage, the updated pressure and temperature 
condition obtained in Step 5 and the z-factor, density, and viscosity 
obtained in Step 7 are applied.

9. Calculate the gas-volume flow out of the pipe or the tank 
using the flow time and the gas-flow rate from Step 8.

10. Calculate the pressure and temperature after depleting a cer-
tain gas volume in Step 9 by using Eq. 5. At this stage, the gas 
volume obtained in Step 6 is used as the initial gas volume.

11. Calculate the remaining gas volume at standard condition 
after the second depletion.
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12. Repeat Steps 7 through 11 until the pipe or the tank pressure 
reaches downstream pressure.

13. Build the relationship between flow rate and time using the 
data set obtained from the preceding calculation.

Case Study
An example is used to illustrate the application of the numerical 
method in solving the drainage of a closed pipe filled with gas. We 
can expect that the gas flow from a closed pipe shows the charac-
teristics of transient flow. The following assumptions are applied 
for the calculation.

Gas in a pipeline is discharged through a throated pipe with a 
shorter length and smaller diameter than a major pipeline.

1. Single gas phase is discharged to the standard condition (i.e., 
pressure of 14.7 psia and temperature of 520°R).

2. No gas flows into the pipe during the discharge.
3. Upstream and downstream temperatures are constant.
4. Frictional pressure drop in the throated pipe dominates. Fric-

tional pressure drop in the major pipeline can be ignored.
Input data for the flow-rate-vs.-time analysis are listed in 

Table 1. Table 2 shows the calculated parameters in the procedure 
and the flow rate and pipe pressure as functions of time. The flow-
rate-vs.-time profile is shown in Fig. 1. Fig. 2 illustrates the plot 

TABLE 1—INPUT DATA FOR THE CALCULATION OF 

GAS-FLOW RATE VS. TIME FOR GAS DISCHARGES 
FROM A CLOSED PIPE 

Pipe length 10,000 ft 

Pipe diameter 1 ft 

Initial pressure in pipe 5,000 psi 

Initial temperature in pipe 560°R 

Downstream pressure 14.7 psi 

Downstream temperature 520°R 

Gas-specific gravity 0.7 

Throated-pipe length 100 ft 

Throated-pipe diameter 0.2 ft 

Pressure at standard condition 14.7 psi 

Temperature at standard condition 520°R 

Absolute roughness of pipe 0.0006 in. 

TABLE 2—THE CALCULATED PARAMETERS, FLOW RATE, AND PIPE PRESSURE VS. TIME 

Discharge 

Time, 

seconds 

Pipe 

Pressure, 

psia z 

q, 

MMscf/d  

Gp, 

MMscf 

Remaining 

Gas in 

Pipe, 

MMscf 

Gas 

Density,  

lb/cu-ft 

Viscosity, 

cp 

1 5,012 0.9495 1,277.3 0.015 26.186 17.82 0.0513 

2 5,008 0.9490 1,276.6 0.021 26.165 17.81 0.0513 

4 5,002 0.9485 1,275.6 0.029 26.136 17.80 0.0513 

7 4,995 0.9476 1,274.1 0.040 26.096 17.79 0.0512 

11 4,984 0.9465 1,272.1 0.057 26.039 17.77 0.0512 

16 4,969 0.9449 1,269.4 0.079 25.960 17.75 0.0511 

24 4,948 0.9427 1,265.5 0.110 25.850 17.71 0.0509 

34 4,918 0.9396 1,260.1 0.154 25.696 17.67 0.0507 

49 4,877 0.9353 1,252.5 0.214 25.482 17.60 0.0505 

70 4,820 0.9294 1,242.1 0.297 25.185 17.50 0.0501 

99 4,742 0.9212 1,227.5 0.411 24.774 17.37 0.0496 

139 4,633 0.9100 1,207.3 0.566 24.208 17.18 0.0488 

196 4,485 0.8949 1,179.6 0.774 23.434 16.92 0.0478 

275 4,284 0.8747 1,141.6 1.049 22.386 16.53 0.0464 

386 4,016 0.8485 1,090.3 1.402 20.983 15.97 0.0444 

542 3,664 0.8165 1,021.6 1.839 19.144 15.14 0.0417 

760 3,214 0.7816 931.5 2.348 16.796 13.88 0.0379 

1,065 2,662 0.7536 816.7 2.882 13.914 11.92 0.0328 

1,492 2,023 0.7529 675.9 3.340 10.574 9.07 0.0269 

2,089 1,344 0.8013 512.9 3.547 7.027 5.66 0.0216 

2,926 715 0.8882 339.3 3.286 3.741 2.72 0.0183 

4,097 252 0.9632 178.2 2.415 1.326 0.88 0.0169 

5,497 65 0.9913 60.2 0.975 0.350 0.22 0.0165 

6,997 20 0.9975 13.7 0.238 0.112 0.07 0.0165 
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of pipe pressure vs. discharge time. Table 2 and Figs. 1 and 2 show 
that flow rate and pressure decline quickly at the early stage. The 
decline rate slows down at late time.

Sensitivity Analysis
For convenience, the sensitivity analysis uses the same example as 
in case study.

Gas flow rate vs. time
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Fig. 1—Gas-flow rate vs. time for gas discharge from a closed pipe.

Fig. 2—Pipe pressure vs. time for gas discharge from a closed pipe.
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Sensitivity of Gas Viscosity. To evaluate the effect of the gas vis-
cosity on the flow-rate-vs.-time and pressure-vs.-time profiles, two 
cases are compared with one another. One case is the changing vis-
cosity with pressure decline during the discharge. Another case is 
constant viscosity throughout the entire discharge period. All other 
input data are the same for these two cases. Table 3 compares the 
flow rate vs. time for both cases.

Table 3 indicates that differences in the gas-flow rate result 
from viscosity increase as pipe pressure declines. Viscosity has a 
significant impact at the late period. The difference in flow rate 
can be up to 20%. Table 4 compares the pipe pressure vs. time 
for both cases. It is obvious that differences in pipe pressure result 
from viscosity increase as pipe pressure declines. This follows the 
same trend as that in the gas-flow rate. Again, viscosity has a sig-
nificant impact at the late period. The difference in pipe pressure 
can be up to 60%.

Sensitivity of Pipe Volume. The effect of pipe volume on flow-
rate-vs.-time and pressure-vs.-time profiles is evaluated by com-
paring the base case with the case of 120% of base-case volume. 
The plots of flow rate vs. time and pressure vs. time are shown in 
Figs. 3 and 4, respectively.

Figs. 3 and 4 depict large differences in flow rate and pipe pres-
sure during the middle period of discharge. On the other hand, if we 
encounter the similar experimental results in repeating experiments, 
we can suspect that the pipe volume may be evaluated inappropriately.

Sensitivity of the Throated-Pipe Diameter. The effect of the 
throated-pipe diameter on the flow-rate-vs.-time and pressure-vs.-

time profiles is evaluated by comparing a throated-pipe diameter of 
0.2 ft with a diameter of 0.22 ft. The plots of flow rate vs. time and 
pressure vs. time are shown in Figs. 5 and 6, respectively.

Clearly, Figs. 5 and 6 depict large differences in flow rate and 
pipe pressure during the middle period of discharge. But they are 
different from the uncertainty of pipe volume. The flow-rate-vs.-
time curves cross each other in Fig. 5, while in Fig. 3, they do 
not. Therefore, we can differentiate pipe-volume uncertainty from 
throated-pipe-diameter uncertainty. Figs. 5 and 3 can serve as “type 
curves” in the uncertainty diagnostic.

Sensitivity of the Throated-Pipe Length. The effect of the throat-
ed-pipe length on the flow-rate-vs.-time and pressure-vs.-time pro-
files is evaluated by comparing a throated-pipe length of 100 ft 
with a length of 120 ft. The plots of flow rate vs. time and pressure 
vs. time are shown in Figs. 7 and 8, respectively.

Similar to the sensitivity of the pipe diameter, Figs. 7 and 8 
depict large differences in flow rate and pipe pressure during the 
middle period of discharge. They are similar to the throated-pipe-
diameter differences because of the uncertainty of the throated-pipe 
diameter. The flow-rate-vs.-time curves cross each other in Figs. 5 
and 7. The pipe-pressure-vs.-time curves are similar to each other 
in Figs. 6 and 8. Therefore, we cannot differentiate throated-pipe-
diameter uncertainty from throated-pipe-length uncertainty on the 
basis of flow-rate-vs.-time and pressure-vs.-time profiles only. 
Comparing the input data with the results of sensitivity analysis 
of throated-pipe diameter and throated-pipe length, we found that 
flow rate vs. time and pressure vs. time are more sensitive to di-
ameter than to length. Figs. 9 and 10 show that a 10% increase in 

TABLE 3—THE EFFECT OF VISCOSITY ON THE 
FLOW-RATE-VS.-TIME PROFILE 

Discharge 
Time, 

seconds 

Flow Rate (Changing 
Viscosity Case), 

MMscf/d 

Flow Rate (Constant 
Viscosity Case), 

MMscf/d 

1 1,277.3 1,277.3 

2 1,276.6 1,276.6 

4 1,275.6 1,275.5 

7 1,274.1 1,274.1 

11 1,272.1 1,272.1 

16 1,269.4 1,269.3 

24 1,265.5 1,265.4 

34 1,260.1 1,259.9 

49 1,252.5 1,252.3 

70 1,242.1 1,241.7 

99 1,227.5 1,227.0 

139 1,207.3 1,206.6 

196 1,179.6 1,178.6 

275 1,141.6 1,140.3 

386 1,090.3 1,088.5 

542 1,021.6 1,019.1 

760 931.5 928.3 

1,065 816.7 812.6 

1,492 675.9 670.9 

2,089 512.9 507.4 

2,926 339.3 334.9 

4,097 178.2 176.8 

5,497 60.2 62.6 

6,997 13.7 16.9 

TABLE 4—THE EFFECT OF VISCOSITY ON THE 
PIPE-PRESSURE-VS.-TIME PROFILE 

Discharge 
Time, 

seconds 

Pipe Pressure 
(Changing Viscosity 

Case), psia 

Pipe Pressure 
(Constant Viscosity 

Case), psia 

1  5,012  5,012 

2  5,008  5,008 

4  5,002  5,002 

7  4,995  4,995 

11  4,984  4,984 

16  4,969  4,969 

24  4,948  4,948 

34  4,918  4,918 

49  4,877  4,877 

70  4,820  4,820 

99  4,742  4,742 

139  4,633  4,633 

196  4,485  4,485 

275  4,284  4,285 

386  4,016  4,017 

542  3,664  3,665 

760  3,214  3,217 

1,065  2,662  2,668 

1,492  2,023  2,034 

2,089  1,344  1,362 

2,926  715  741 

4,097  252  282 

5,497  65  88 

6,997  20  32 
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Fig. 3—Comparison of flow-rate-vs.-time profiles for two cases with different pipe volumes.

Fig. 4—Comparison of pipe-pressure-vs.-time profiles for two cases with different pipe volumes.
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Fig. 5—Comparison of flow-rate-vs.-time profiles for two cases with different pipe diameters.

Fig. 6—Comparison of pipe-pressure-vs.-time profiles for two cases with different pipe diameters.
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Fig. 7—Comparison of flow-rate-vs.-time profiles for two cases with different pipe lengths.

Fig. 8—Comparison of pipe pressure vs. time profiles for two cases with different pipe lengths.
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the length results in less flow-rate-vs.-time and pressure-vs.-time 
changes than in the case of a 10% increase in the diameter. There-
fore, we can conclude that pipe diameter is the most important ele-
ment in gas flow.

Conclusions
The following conclusions can be drawn upon the completion of 
this study:

This investigation provided a numerical method to evaluate the 
gas transient flow in throated pipe, closed pipe and/or tank dis-
charge, and pipe/tank leakage. It is a practical way to perform quick 
calculation in the field.

1.  Both flow rate and pressure decline quickly at the early stage. 
Then, the declines slow down at the late period.

2.  Gas viscosity has an important effect on flow rate and pipe 
pressure at the late period.

3.  Pipe volume has a significant impact on the flow-rate-vs.-
time and pressure-vs.-time profiles. Pipe-volume uncertainty 
can be differentiated from throated-pipe length or diameter by 
“type curves” in flow-rate-vs.-time plots.

4.  Qualitatively, throated-pipe-length uncertainty cannot be dif-
ferentiated from throated-pipe-diameter uncertainty if we 
depend on flow-rate-vs.-time and pressure-vs.-time “type 
curves” only.

5.  It is possible to differentiate throated-pipe-length uncertainty 
from throated-pipe-diameter uncertainty using a quantitative 
method because flow rate and pressure are more sensitive to 
diameter.

6.  Pipe or choke diameter is the most important variable in tran-
sient-gas-flow analysis.

Nomenclature
 A = cross-sectional area of choke
 C = constant for unit conversion
 CD = choke-discharge coefficient
 Cp = fluid heat capacity at constant pressure
 Cv = fluid heat capacity at constant volume
 d1 = pipe or tank diameter

 d2 = choke diameter
 D = throated-pipe diameter
 eD = relative roughness
 f = friction factor
 k=Cp/Cv = specific-heat ratio of fluid
 L = throated-pipe length
 Mw = molecular weight
 n = number of moles
 naccumu =  moles of gas accumulated in the pipeline or the tank
 ni = initial moles of gas in the pipeline or the tank
 nin = moles of gas that flow into the pipeline or the tank
 nout = moles of gas that flow out of the pipeline or the tank
 NRe = Reynolds number
 p = gas pressure in the pipeline or the tank
 pdown = downstream pressure
 pi = initial gas pressure in the pipeline or the tank
 Ppr = pseudoreduced pressure
 psc = standard-condition pressure
 pup = upstream pressure
 q = gas-flow rate
 R = universal gas constant
 T = temperature in the pipeline or the tank
 T̄̄  = average temperature
 Ti = initial temperature in the pipeline or the tank
 Tpr = pseudoreduced temperature
 Tsc = standard-condition temperature
 Tup = upstream temperature
 u = gas-flow velocity
 V = gas volume
 Vi = initial gas volume
 Vout = gas-volume flow out of the pipeline or the tank
 z = gas compressibility
 z̄̄ = average gas compressibility
 zi  = gas compressibility at initial condition
 γg = gas specific gravity
 ε = absolute roughness
 μ = gas viscosity
 ρ = gas density
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Fig. 9—Comparison of the sensitivities of throated-pipe length and throated-pipe diameter on a flow-rate-vs.-time profile.
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Fig. 10—Comparison of the sensitivities of throated-pipe length and throated-pipe diameter on a pipe-pressure-vs.-time profile.


