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The permeability of coal is an indispensable parameter for predicting the coalbed methane (CBM) and enhanced CBM (ECBM)
production. Considering the low permeability characteristics of coal, the permeability is usually measured by the transient
technique in the laboratory. Normally, it is assumed that the calculated permeability will not greatly vary if the pulse pressure
applied in the experiment is small (less than 10% of pore pressure) and previous studies have not focused on the effect of the
pulse pressure on the measurement permeability. However, for sorptive rock, such as coals and shales, the sorption effect may
cause different measurement results under different pulse pressures. In this study, both nonadsorbing gas (helium) and
adsorbing gas (carbon dioxide) were used to investigate the adsorption effect on the gas permeability of coal measurement with
the pulse-decay technique. A series of experiments under different pore pressures and pulse pressures was performed, and the
carbon dioxide permeability was calculated by both Cui et al.’s and Jones’ methods. The results show that the carbon dioxide
permeability calculated by Jones’ method was underestimated because the adsorption effect was not considered. In addition, by
comparing the helium and carbon dioxide permeabilities under different pulse pressures, we found that the carbon dioxide
permeability of coal was more sensitive to the pulse pressure due to the adsorption effect. Thus, to obtain the accurate
permeability of coal, the effect of adsorption should be considered when measuring the permeability of adsorptive media with
adsorbing gas by the transient technique, and more effort is required to eliminate the effect of the pulse pressure on the
measured permeability.

1. Introduction

To alleviate the problems of energy shortage and global
warming, researchers pay more attention to the technologies
of CBM, ECBM, and carbon dioxide storage in coal seams.
The permeability of coal is one of the most important param-
eters for those projects. To predict the methane production of
a coal seam and evaluate its storage potentiality, it is essential
to accurately and quickly measure the coal permeability. At
present, the steady flow method (SFM) and pulse-decay
method (PDM) are the main methods to measure the perme-
ability. However, for tight reservoir rocks, such as coal and
shale, it is time-consuming to attain equilibrium in SFM
and difficult to accurately measure the flow rate. Thus, com-

pared with SFM, PDM becomes popular due to its shorter
experimental time and higher resolution [1, 2].

The PDM was used by Brace et al. [3] to measure the per-
meability of a granite sample, and the permeability was calcu-
lated by the decay curve of the differential pressure between
upstream and downstream. However, this approximation
method to assess the permeability did not consider the effect
of compressive storage [4]. Hsieh et al. [5] presented a gen-
eral analytical solution in the transient test considering the
compressive storage of the sample. However, this solution
was difficult to evaluate [6]. To more easily obtain the sample
permeability, Dicker and Smits [6] constrained the volume of
the storage reservoir and quickly obtained the single-
exponential decay of the pressure decline curve. Jones [7]
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improved the work of Dicker and Smits. In Jones’ method,
the permeability is calculated from “late-time”measurements
which yield the overall effective permeability of a core plug in
the same manner as steady-state measurements [7]. All of
these methods assume that there is no interaction between
the sample and the gas. However, for absorbing gases (such
as methane and carbon dioxide), gas molecules will interact
with the adsorbing media (such as coal and shale) [8–11],
which make the matrix swell or shrink. Thus, it is necessary
to discuss the effect of gas adsorption on the permeability
measurement when using the pulse-decay method. Based
on the previous work, Cui et al. [2] revised the pulse-decay
technique to correct the impact of adsorption on the effective
permeability measurement. In Cui et al.’s work, Langmuir
isotherm was used to describe the gas adsorption in coal
seams. However, Mahmoud et al. [12] noted that the hetero-
geneity of the rock surface was the main factor that affects the
adsorption strength. The single-layer Langmuir isotherm
adsorption model cannot accurately describe the adsorption
of gas molecules on the rock surface, so the formula is revised
based on the Freundlich isotherm adsorption model.

All studies assume that the fluid viscosity, fluid com-
pressibility, porosity, and permeability are constant during
the experiment if the initial differential pressure is small
(within 10% of pore pressure). Thus, the gas permeability
measured under different pulse pressures is relatively stable.
Intuitively, it is feasible to measure the helium permeability
of coal because the change in small initial differential pres-
sure may have little effects on the differential pressure decay
during the experiment. However, for adsorbing gases and
media, such as carbon dioxide and coal, the changes in pore
pressure may break the original ad-/desorption balance
between gas and matrix and induce the difference in mea-
sured differential pressure decay curves under different pulse
pressures during the experiment. The purpose of this article
is to investigate the effect of the initial pulse pressure on the
measurement results of the gas permeability of coal when
the transient technique is used in the laboratory, especially
for carbon dioxide.

2. Experimental Work

The PDM was used to measure the permeability of Sihe coal.
Brace et al. [3] mentioned that the pulse pressure should be
less than 10% of the upstream pressure because both viscosity
and compressibility of fluids varied with pressure. Thus, the
minimum upstream pressure is 1MPa, and the maximum
pulse pressure is 100 kPa during the experiment.

2.1. Sample Preparation. The sample in this study is from
Sihe coal mine in Qinshui Basin. A cylindrical coal sample
was prepared before the experiment. As shown in Figure 1,
the length of the coal sample is 50.53mm and its diameter
is 24.99mm. The sample surfaces were polished to enable
the smooth contact between the coal and the shrinkable tube,
which can prevent the shrinkable tube from rupturing and
causing the confining fluid to flow into the sample. To
remove residual moisture and adsorbed gases from the coal
sample, the core was placed in a 60° vacuum environment

and dried for 48 hours before the experiment. The initial
weight of the coal is 40.96 g, and the weight becomes
40.90 g after drying.

2.2. Experimental Setup and Procedures. The schematic dia-
gram of the transient pulse-decay testing apparatus in our
study is shown in Figure 2 [3, 13]. A core holder which is
made of stainless steel was used to measure the gas perme-
ability of coal under hydrostatic pressure conditions, and it
can maintain a maximum confining pressure of 20MPa. A
confining pump was used to apply the confining pressure
during the experiment. A thin lead foil was used to wrap
the cylindrical core sample to prevent gas diffusion from
the core to the confining fluid at high pressures [14], and a
heat-shrinkable tube was employed to isolate the core from
the confining fluid. An ISCO pump, which is with the full
scale of 68.95MPa and the accuracy of ±0.5% FS at constant
temperature, was applied to supply the initial pore pressure
to the sample. A differential pressure transducer with the
accuracy of ±0.25% FS (FS = 220 kPa) was used to accurately
record the pressure difference between upstream and down-
stream every second. The volumes of the upstream and
downstream are 6.115ml and 4.505ml, respectively. During
the experiment, the temperature was maintained at 26±
1°C, and the net confining pressure is 3MPa. The experimen-
tal conditions are shown in Table 1.

The test procedure is as follows: (1) Test the leakage rate
of the measurement system. (2) Install the dried and wrapped
coal sample into the core holder and apply a confining pres-
sure according to the experimental condition. (3) Close valve
1, open other valves, and connect the coal sample with a vac-
uum pump to eliminate residual gases in the pipeline and
coal sample for 1 hour. After vacuuming, close valve 4. (4)
Open valve 1 and apply the initial pore pressure in the system
through the ISCO pump at the constant-pressure mode.
When the residual gas volume in the ISCO pump remains
unchanged, close valves 2 and 3 and impose a pressure differ-
ence in the upstream through the ISCO pump. When the
pressure difference between the upstream and downstream
is equal to the designed value, close valve 1. (5) When the
upstream pressure stabilizes, open valve 2 and collect the data
of the differential pressure transducer. (6) According to the

Figure 1: Photograph of the cylindrical core sample.

2 Geofluids



change in differential pressure with time, calculate the per-
meability using the solution. (7) Change the injected pore
pressure and applied pulse pressure and measure the perme-
ability under different conditions. When the test fluid is car-
bon dioxide, inject the gas into the sample for a week to
achieve the balance between adsorption and desorption.
When the pore pressure changes, the permeability was mea-
sured after 24 hours until equilibrium was achieved. The
applied pressure difference is slightly larger than the designed
pulse pressure due to the effect of the dead volume (Vdead)
which is the volume between valve 2 and the top face of the
coal sample.

3. Calculation of Permeability

A tremendous amount of work has been performed to
study the permeability calculation when using the PDM.
Because the coal permeability is a gas type-dependent prop-
erty, both carbon dioxide (adsorbing gas) and helium (non-
adsorbing gas) are used in our experiment. To compare the
difference in carbon dioxide permeability of coal obtained
by different solutions (whether we consider the adsorption
effect), both Jones’ method and Cui et al.’s method were
applied in this study.

3.1. Jones’ Method (1997). The pressure decay curve is
described by the differential equation of the gas through the
sample. With the given boundary conditions and initial con-
ditions, Dicker and Smits [6] provided the relationship
between dimensionless pressure difference ΔPD and dimen-
sionless time tD as follows:

ΔPD a, b, tDð Þ = 2 〠
∞

m=1
exp −tDθ

2
m

� �

·
a b2 + θ2m
� �

− −1ð Þmb
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
a2 + θ2m
� �

b2 + θ2m
� �q

θ4m + θ2m a + a2 + b + b2
� �

+ ab a + b + abð Þ
,

ð1Þ

tan θ = a + bð Þθ
θ2 − ab

, ð2Þ

where a and b are the ratios of the compressive storage of the
sample’s pore volume to that of the upstream and down-
stream reservoirs, respectively; θm are the roots of Equation
(2); tD is the dimensionless time; tD = kt/ðcμ∅L2Þ, where k
is the permeability, t is the real time, c is the fluid compress-
ibility, μ is the fluid viscosity, ∅ is the porosity, and L is the
sample length.

Because Equation (1) is a form of infinite series, and
Equation (2) is difficult to solve, Jones [7] defined f1 as fol-
lows:

f1 ≡
θ21

a + b
, ð3Þ

where θ1 is the first root of Equation (2).
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Figure 2: Sketch of the experimental setup for the permeability measurement.

Table 1: Experimental scheme for the permeability test.

Gas type
Confining

pressure (MPa)
Pore pressure

(MPa)
Pulse pressure

(kPa)

Carbon dioxide,
helium

4 1

40, 60, 80, 100
5 2

6 3

7 4
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For rigid gas reservoirs, the compressibility of the reser-
voir is negligible compared to that of gas. If a and b are equal
and tD is sufficiently large, only the first term in Equation (1)
is significant, all even terms are zero, and the sum of the
remaining odd terms has little effect on the results. Thus,
the dimensionless differential gas pressure is as follows:

ΔPD =
2 a b2 + θ21
� �

+ b
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
a2 + θ21
� �

b2 + θ21
� �q� �

θ41 + θ21 a + a2 + b + b2
� �

+ ab a + b + abð Þ
· eαt , ð4Þ

α =
f1Akg
μgLcg

 !
1
Vu

+ 1
Vd

� �
, ð5Þ

where A is the cross-sectional area of the cylindrical core
plug; kg is the effective permeability to gas; cg is the gas com-
pressibility and given by cg ≡ f z/p (f z is the gas compressibil-
ity correction factor, and p is the pore pressure); μg is the
viscosity of gas; Vu and Vd are the volumes of the upstream
and downstream, respectively.

With the linear regression of Equation (4), slope α of the
late-time experimental data can be obtained. Thus, the gas
effective permeability can be calculated by

kg = −
αμgLf z

f1Apm 1/Vuð Þ + 1/Vdð Þð Þ , ð6Þ

where pm is the mean absolute pore pressure (the gas com-
pressibility is evaluated at pm).

3.2. Cui et al.’s Method (2009). Considering the effect of
adsorption on the permeability measurement, Cui et al. [2]
combined the Langmuir isotherm adsorption model with
Jones’ simplified algorithm, and the adsorption term was
introduced into the seepage equation to modify the tradi-
tional algorithm. The modified values of a and b are as fol-
lows:

a =
Vp 1 + ∅a/∅ð Þð Þ

Vu
,

b =
Vp 1 + ∅a/∅ð Þð Þ

Vd
,

ð7Þ

where Vp is the pore volume of the sample, and ∅a is the
effective porosity.

The effective porosity due to gas adsorption is as follows:

∅a =
ρs
V std

1−∅ð Þ
cgρ

qLpL
pL + pð Þ2 , ð8Þ

where ρs is the skeleton density of the porous samples; ρ is
the density of gas; qL and pL are the Langmuir volume and
pressure, respectively; p is the gas pressure; cg is the gas com-
pressibility; V std is the molar volume of gas at the standard
pressure and temperature (i.e., 273.1K and 101325Pa).

Substituting a and b into Equation (2) and Equation (3),
we obtain f1. The permeability can be calculated by Equation
(6). Both porosity and adsorption characteristic parameters
are required in the permeability calculation when we use
Cui et al.’s method. The sample in this experiment was col-
lected in coal seam # 3 in Sihe coal mine, which is similar
to the sample in Han et al.’s [15] and Sun’s [16] studies.
Based on their experimental results, it is reasonable to
assume that the porosity is approximately 5%, the Langmuir
volume is approximately 40 cm3g−1, and the Langmuir pres-
sure is 2 × 106 Pa.

4. Results and Discussion

4.1. Measurement Results. Thirty-two permeability measure-
ments were conducted with helium and carbon dioxide
under different pore pressures and pulse pressures using the
transient technique. Figure 3 shows the typical curves
(recorded in the experiment with the helium pressure of
1MPa and the pulse pressure of 100 kPa) of the pressure dif-
ference between upstream and downstream ΔPðtÞ with time
and ln ðΔPðtÞ/ΔPð0ÞÞ with time. Although the designed ini-
tial pulse pressure is 100 kPa, the applied pressure difference
(ΔP′ð0Þ) between upstream and downstream is up to 216 kPa
due to the effect of Vdead. The volume of the pipeline in the
blue-shaded part (from the valve to the top face of the sam-
ple) in Figure 3 is Vdead, which causes the steep drop of ΔPð
tÞ (dotted line). The initial pulse pressure (ΔPð0Þ) is the
actual pressure difference between the upper and lower sur-
faces of the coal sample without the effect of Vdead. All other
fitted slopes of ln ðΔPðtÞ/ΔPð0ÞÞ − t and corresponding cal-
culated permeability are listed in Table 2.

4.2. Comparison of the Carbon Dioxide Permeability of Coal
Calculated by Jones’ and Cui et al.’s Methods. Both Jones’
and Cui et al.’s methods were used to calculate the carbon
dioxide permeability of coal in this study to investigate their
differences. The main difference between these two methods
is whether the density of adsorbed gas changes with time. In
Jones’method, the control equation only contains the term of
free gas. If we use Jones’method to calculate the carbon diox-
ide permeability of coal, the density of adsorbed gas remains
constant during the experiment. In Cui et al.’s method, both
free gas and adsorbed gas are considered. The results calcu-
lated by these two methods are shown in Figure 4. The rela-
tive error is defined as the ratio of the absolute values of the
difference to the value calculated by Cui et al.’s method.
The carbon dioxide permeability calculated by Cui et al.’s
method is larger than that by Jones’ method. In addition,
when the pore pressure increases from 1MPa to 4MPa, the
relative error decreases from 57% to 27%. Thus, the carbon
dioxide permeability calculated by Jones’ method is severely
underestimated, and the underestimation declines with the
increase in pore pressure. This phenomenon may be attrib-
uted to the sorption behavior between carbon dioxide and
coal matrix. As shown in Figure 5, on the one hand, accord-
ing to Feng et al. [4] and Wang et al. [17], it is reasonable to
speculate that the pulse pressure may break the ad-/desorp-
tion balance between gas and matrix, which makes the free
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gas change into adsorbed gas, and the real equilibrium pres-
sure is less than the pseudoequilibrium pressure. On the
other hand, the hysteresis of the downstream pressure caused
by the adsorption of upstream gas may also change the differ-
ential pressure. For nonadsorbing gas, the decrease in
upstream pressure will quickly trigger a response in the
downstream and induce the increase in downstream pres-
sure. For adsorbing gas, after the pulse pressure is applied,
the upstream gas is adsorbed, and the response of the
increase in downstream pressure becomes relatively slow.

Therefore, the differential pressure decay in the permeability
measurement process is slower than that of nonadsorbing
gas. If the adsorption effect is not considered in the calcula-
tion, the permeability will be underestimated. In addition,
according to Langmuir isotherm, the carbon dioxide adsorp-
tion capacity, which is defined as the slope of the amount of
gas adsorbed to the gas pressure, weakens with the increase in
pore pressure. The hysteresis and deviation between real
equilibrium pressure and pseudoequilibrium pressure are
not apparent at high pressure. Thus, with the increase in pore

Table 2: Permeability measurement results under different conditions in the experiment.

Pore pressure
(MPa)

Pulse pressure
(kPa)

Helium Carbon dioxide

Slope R2 K (μD)
(Jones, 1997)

Slope R2 K (μD)
(Jones, 1997)

K (μD)
(Cui et al., 2009)

1

40 -0.0011 0.9843 5.86 -0.0441 0.9843 185.5 432.1

60 -0.0011 0.9923 5.81 -0.0395 0.9936 163.52 379.13

80 -0.0011 0.9951 5.77 -0.0375 0.9953 154.02 356.85

100 -0.0011 0.9973 5.72 -0.0349 0.9974 141.13 323.91

2

40 -0.0017 0.9738 4.65 -0.0461 0.9519 97.4 164.71

60 -0.0018 0.9885 4.88 -0.0407 0.9913 85.66 144.02

80 -0.0018 0.99253 4.86 -0.038 0.9976 79.66 133.34

100 -0.0018 0.99503 4.84 -0.0354 0.9946 73.93 123.02

3

40 -0.002 0.9819 3.68 -0.0307 0.9829 44.46 62.49

60 -0.002 0.9907 3.67 -0.0289 0.9958 41.74 58.4

80 -0.002 0.9935 3.66 -0.0264 0.9957 37.85 53.34

100 -0.002 0.9969 3.64 -0.0244 0.9979 34.98 49.01

4

40 -0.0025 0.9777 3.47 -0.0199 0.9896 20.39 27.84

60 -0.0026 0.9904 3.6 -0.0175 0.9886 17.9 24.25

80 -0.0026 0.9945 3.6 -0.0162 0.9973 16.51 22.37

100 -0.0026 0.9967 3.58 -0.015 0.9964 15.29 20.85
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Figure 3: Typical curves of ΔPðtÞ − t and ln ðΔPt/ΔP0Þ − t measured in the experiment.
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pressure, the relative error between these two solutions
decreases. Thus, when we test the adsorbing gas permeability
of coal using the pulse-decay technique, the adsorption effect
must be considered to accurately determine the measure-
ment result. In this paper, the carbon dioxide permeability
of coal is calculated by Cui et al.’s method, which better
reflects the actual permeability of coal.

4.3. Gas Permeability under Different Pore Pressures. To fur-
ther test the adsorption effect on the permeability of coal, we
performed the gas permeability measurements under differ-
ent pore pressures with PDM. The result is shown in
Figure 6. In Figure 6(a), the permeability of helium decreases
with the increase in pore pressure under constant net confin-
ing pressure, which was also observed by Chen et al. and Pan
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et al. [18, 19]. When the pore pressure is 1MPa, the measured
permeability under different pulse pressures is 5.72-5.86μD
with an average of 5.79μD.When the pore pressure increases
to 2MPa, the permeability is 4.65-4.88μD with an average of
4.81μD. When the pore pressure is 3MPa, the permeability
is 3.64-3.68μD with an average of 3.66μD. When the pore
pressure continues to increase to 4MPa, the permeability
becomes 3.47-3.60μD with an average of 3.56μD. The
decrease in permeability may be attributed to the combined
impact of Klinkenberg effect [20] and effective stress effect.

On the one hand, Klinkenberg effect may significantly affect
the gas flow behavior in low-permeability media [21–23].
In the experiment, when the pore pressure is low, the mean
free path of helium molecules approaches the aperture of the
coal cleats, and significant molecular collisions occur with
the solid walls instead of other gas molecules [24]. Then,
the gas permeability can be enhanced by the “slip flow.”
Therefore, with the increase in pore pressure, the gas slip-
page effect diminishes, and the permeability decreases. On
the other hand, based on the law of effective stress [25],
the effective stress depends on the confining pressure, pore
pressure, and effective stress coefficient. Zhao et al. [26]
noted that the effective stress coefficient is not a constant
for coal and is a bilinear function of volumetric stress and
pore pressure. Thus, with the change in pore pressure, the
effective stress coefficient may also change, which causes var-
ious permeabilities.

Similar to the result obtained in helium, the carbon diox-
ide permeability of coal decreases with the increase in pore
pressure when the net confining pressure remains constant,
as shown in Figure 6(b). The result is consistent with Chen
et al. [19], Feng et al. [4], and Pan et al. [18]. The carbon diox-
ide permeability has a deeper decline with the increase in
pore pressure than helium permeability. When the pore
pressure increases from 1MPa to 4MPa, the carbon diox-
ide permeability decreases from approximately 400μD to
20μD (95% reduction), while the helium permeability only
decreases from approximately 5.8μD to 3.5μD (40% reduc-
tion). In addition to Klinkenberg effect and effective stress
effect, the adsorption effect may also decrease the permeabil-
ity. Because carbon dioxide is an adsorbing gas to coal, it is
well accepted that the decrease in permeability can be attrib-
uted to the swelling of the coal matrix induced by carbon
dioxide adsorption [27–30].
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The permeability of coal tested by helium is obviously less
than that tested by carbon dioxide, which may be related to
the experiment process in our study. As shown in Figure 7,
carbon dioxide was first used as the test fluid. It is commonly
accepted that the change in pore structure induced by gas
adsorption is irreversible [29, 31–33]. Thus, even when the
carbon dioxide was released after the test, the pore structure
of the coal will not revert to the original state. In addition, the
permeability of coal is sensitive to stress [18, 34]. After step 4,

carbon dioxide was firstly exhausted (➀); then, the confining
pressure decreased (➁). In this process, the maximum net
confining pressure (Pmaxnc) is 6.9MPa. Before the helium test
(step 5), the confining pressure was first applied (➂); then,
helium was injected (➃), and Pmaxnc was also 6.9MPa. Thus,
the maximum net confining pressure of coal in history is
6.9MPa before the helium test, which may also cause the
decrease in coal permeability.

4.4. Gas Permeability under Different Pulse Pressures. To
investigate the effect of the pulse pressure on the measure-
ment of helium and carbon dioxide permeability of coal
using the transient technique, a series of experiments were
conducted, and the result is shown in Figure 8. Figure 8(a)
visually shows the calculated values of helium permeability
measured at each pulse pressure. With the increase in pulse
pressure, the changing trend of helium permeability under
different pore pressures is inconsistent. When the pore
pressure is 1MPa and 3MPa, the calculated permeability
decreases with the increase in pulse pressure. When the pore
pressure is 2MPa and 4MPa, the permeability first increases
and subsequently decreases. However, by comparing the
decay curve of the pulse pressure, we easily find that the slope
of ln ðΔPt/ΔP0Þ − t is almost the same (Table 2) under differ-
ent pulse pressures at each pore pressure condition. The fluc-
tuation of the calculated permeability is attributed to the
change in pore pressure, which changes the gas compressibil-
ity and viscosity. Generally, the change in helium permeabil-
ity with pulse pressure is negligible, especially when the pulse
pressure is 60-100 kPa.

The change in carbon dioxide permeability with pulse
pressure is shown in Figure 8(b). The carbon dioxide perme-
ability of coal decreases with the increase in pulse pressure,
and the degree of permeability decrease is related to the pore
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Figure 8: Gas permeability under different pulse pressures (net confining pressure = 3MPa)
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Figure 9: CV of the gas permeability measured by different pulse
pressures under different pore pressures.
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pressure. In our experiment, when the pore pressure is 1MPa,
as the pulse pressure increases from 40kPa to 100 kPa,
the measured permeability decreases from 432.1μD to
323.91μD. When the pore pressure becomes to 2MPa,
the calculated permeability decreases from 164.71μD to
123.02μD. When the pressure further increases to 3MPa
and 4MPa, the measured permeability only decreases from
62.49μD to 49.01μD and from 27.84μD to 20.85μD, respec-
tively, i.e., it becomes relatively stable.

To illustrate and compare the degree of dispersion of the
data measured by different pulse pressures under different
pore pressures, the coefficient of variation (CV) was calcu-
lated, and the result is shown in Figure 9. The CV is
extremely small for helium (less than 0.02) but greater than
0.1 for carbon dioxide. By comparing the CV of helium and
carbon dioxide under each pore pressure, we find that the
CV for carbon dioxide is at least five times larger than that
for helium, which indicates that the carbon dioxide perme-
ability of coal is more sensitive to the pulse pressure then
the helium permeability.

The survey of the fitted slopes of ln ðΔPt/ΔP0Þ − t for
helium and carbon dioxide under different pulse pressures
(Table 2) indicates that their difference may be attributed
to the hysteresis caused by the adsorption effect. As shown
in Figure 10(a), for nonadsorbing gas, with the decrease in
pressure in the upstream, the pressure in the downstream
can immediately respond. Thus, when the pulse pressure
increases, the downstream pressure can correspondingly
increase, and the differential pressure under different pulse
pressures is almost constant. For adsorbing gas, as shown in
Figure 10(b), due to the effect of hysteresis, the attenuation
of the pressure difference between upstream and downstream
slows down when the pulse pressure increases, which makes
the permeability underestimated. Therefore, when the PDM
is used to measure the permeability of coal, if the test fluid
is carbon dioxide, the pulse pressure applied during the

experiment (within 10% of the pore pressure) will greatly
affect the measurement result; if the test fluid is helium, its
effect on the measurement result is negligible.

5. Conclusion

In this study, the PDMwas employed to measure the gas per-
meability of coal. Both helium and carbon dioxide were used
in our study, and the coal permeability was measured under
different pore pressures and pulse pressures. According to
the completed work, we made the following conclusions:

(1) The carbon dioxide permeabilities of coal calcu-
lated by Jones’ and Cui et al.’s methods show a
great difference, which decreases with the increase
in pore pressure. The difference may be attributed
to the combined effect of gas adsorption and hystere-
sis of the downstream pressure, which decreases the
differential pressure decay in the permeability mea-
surement process. Thus, when measuring the perme-
ability of coal with adsorbing gas, it is necessary to
consider the adsorption effect

(2) For nonadsorbing gas (helium), the calculated per-
meabilities under different pulse pressures are
extremely similar, while for adsorption gas (carbon
dioxide), the measured permeability greatly varies.
The carbon dioxide permeability of coal is more sen-
sitive to the pulse pressure than the helium perme-
ability due to the adsorption effect

Data Availability

The data used to support the findings of this study are avail-
able from the corresponding author upon request.

(a) Nonadsorbing gas (b) Adsorbing gas.

Figure 10: Changes of pressure for nonadsorbing and adsorbing gases under different pulse pressures in the transient technique.
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