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Abstract - This paper presents a systematic review of the effect of flow on relative air buble permeability measurements 

using a stable method. The relative permeability’s of the air were measured for a sandstone core mixed with wettability and a 

sandstone core with a watery maturity. In both cases, the relative permeability curves were independent of flow velocity. The 

actual velocity of 2ft. / day, representing flow rates in the tank, up to 39ft. / day, indicates current fluxes in the laboratory 

environment, have been used in this study. For current flow distances, oil curves vary by a maximum of ± 3 sons of 

saturation with average values, and air bublecurves vary by a maximum of ± 2 sons of saturation. 
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I. INTRODUCTION 

 

When determining the removable storage and the 

final recycling estimate, relative permeability is an 

important parameter in simulations of reservoirs. 

Therefore, laboratory measurements of relative 

permeability should be the expression of flow 

behavior inside the reservoir. Ideally, core corrosive 

flooding should double the flow of low flow flooding 

processes away from wells. However, the use of low 

flow streams in the laboratory has many problems, 

such as: prolongation of the test time, low pressure 

drops, which are difficult to measure accurately, and 

laboratory problems such as the effect of finite points. 

Capillary pressure fractures at the end of the core, 

which can be detected by increasing the pressure drop 

and maintaining the phase, as described by 

Richardson et. al., has been described and is well 

described in other studies. In order to overcome the 

effects of the end points, flow fluxes are higher than 

usual in flooding processes inside the reservoir to 

determine the relative permeability within the 

laboratory. Rapoport and Leas proposed a correction 

factor based on the length of the cores, flow rate and 

fluid viscosity to determine the minimum flow rate to 

overcome the viscous force on the capillary strength 

and to ignore the effects of the endpoints. Also, the 

use of high current fluxes has other advantages: 

shortening the test time and increasing measurable 

pressure drop. However, the question remains 

whether the permeability measurements obtained 

from core flooding with high discharge inside the 

laboratory indicate flood processes with low flow 

inside the reservoir. 

 

Evidence is scattered in the literature on this question. 

Different articles have discussed the effects of flow 

flux, but in fact they refer to the effect of flow flux on 

the size of the effects of the peak pressure of the end 

points of the core. In this paper, a systematic study of 

the effect of flow flux on relative permeability 

measurements has been discussed. The relative 

permeability’s of oil and gas pipelines have been 

measured in different flow streams. Apart from the 

more phased theorem, the vapor process is defined 

here as the saturation of the air bublephase. In these 

experiments, the permanent method has been used, 

allowing the capillary pressure to be directly 

evaluated without dependence on simulations or 

analytical models for interpreting the data. 

Experimental calculation of capillary pressure avoids 

the problems that often occur when using simulations 

to adapt production data, such as providing proper 

capillary pressure to the model and detecting the 

presence of relative permeability curves. If not 

calculated appropriately, the additional pressure drop 

caused by the effects of the ends of the hair can lead 

to a lower estimate of relative permeation than the 

actual state. 

 

II. DETAILS EXPERIMENTAL  

 

2.1. Test devices 

Relative permeation measurements were performed 

using a permanent coring flood method. 

Measurements were carried out for two types of 

wetting: sandstone with mixed wetting and sandstone 

with watery softening. Details of the core are 

described later. The experiments were carried out 

using a relative permeation rotary system, as 

described by Braun and Holland3. The system shown 

in Fig. 1 allows for experiments with live crude oil in 

reservoir conditions. 

 

The system is surrounded by an X-ray scanner, which 

can determine the saturation of the mean fluid at any 

point along the core during the test. As the x-ray 

scanner moves along the core, the saturation profile 

can be obtained. A x-ray scan system can scan every 

2 mm, revealing the occurrence of laboratory 
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phenomena such as the effect of endpoints or 

capillary fractures in the joints. The measurements 

can be obtained at a rate of 1 scan per second, 

allowing for observation of transient events. 

 

2.2. Crusher with mixed wettability 

The experiments were initially performed on boron 

samples which, when mixed in turbidity, gave them 

time to create a homogeneous core with mixed 

wettability. Then rubbing sandstone rubbish to clean 

anything that was glued to the surface of the stone 

with clean solutions. The cores were saturated with 

4.6% saturated salts and reduced to saturate the air 

bubleinside the rotary machine. In order to achieve 

the mixing, the cores were placed in crude Lyudon 

crude oil at a temperature of 73 degrees Fahrenheit, 

approximate temperature of the Lyudon reservoir for 

ten weeks. Self-test drills and USBM tests are made 

on a core that was prepared in a similar manner to the 

cores used in the approved composite to make the 

timing process effective to change the effect of a 

strongly water-repellent blend. The USBM core 

parameter was 0.1-. 

 

After the timing, the plugs were inserted into a 

composite core. This long composite was used to 

minimize the effect of end capillary capillary 

pressure. By placing the plugs consecutively in a 

plastic holder, a composite with a length of 30 cm 

and a diameter of 3.86 cm was made. As shown in 

Fig. 2, the plastic retainer and pressure gauges are 

5.08 cm apart for internal pressure measurements. 

The composite was placed in an aluminum core with 

a 1500 psig hydrostatic pressure inside the 

surrounding ring created by the kerosene. The 

composite has a porosity of 20.6%. Experiments were 

carried out using crude oil without lutein gas (o = 

7.25 cp) and synthetic brine (w = 0.979 cp) at 73 ° 

F. 

 

2.3. Abrasive corncake 

The next set of experiments was conducted with field 

winding plugs that are water-friendly. (Cores taken 

from the field have spontaneous water-friendly 

properties, USBM, and relative permeability 

measurements with live crude oil.) To ensure that the 

core is friendliness, the plugs were first cleaned by 

injection. The nature of the cornea is similar to the 

relative permeability curves measured on a composite 

core and curves previously found on composites with 

preserved plugs. 

 

In preparing the experiments, the composite plugs 

were first saturated with 7.8% saline air bubleand 

placed to reduce the saturation of air bubleinside the 

rotary machine. As with composite composite with 

mixed wettability, the plugs were placed in a plastic 

holder with pressure gages at a distance of 0.08 cm. 

The composite core is 24.5 cm in length and 76.7 cm 

in diameter. The composite was placed in an 

aluminum core with a hydrostatic pressure of 3000 

mm inside the surrounding ring, which was created 

by the kerosene. The composite has a porosity of 

27.1%. The experiments were carried out with Sontex 

70 (o = 19.7 cp) and synthetic brine (w = 1.03 cp) 

which corresponded to reservoir air bublecomponents 

at 73 ° F. Fluids were selected to have a viscosity 

ratio consistent with the viscosity ratio of crude oil 

and reservoir water. Before use, the Sontex 70 was 

passed through a column of silica gel to separate 

polar components. 

 

2.4. Experiment process 

Using 4 injectable injections, 0.1, 0.3, 0.8 and 0.2 cc / 

min, relative permeability’s of oil and air 

bubledispersion were measured for composites with 

wetted and watery mildew. These injectable 

discharges are equivalent to actual speeds of 2, 6, 16 

and 39 feet per day, defined by the following 

equation: 

 
 is porosity and A is the composite core. These 

have been selected to indicate the usual range of field 

runs to normal laboratory fluxes. The steady increase 

or decrease of flow rates is avoided in order to 

achieve results that are independent of the direction 

of Flow velocity change. In addition, some tests were 

repeated to achieve a repeatable measurement 

measure. 

 

For each case, tests were performed on a core for 

several months. After mounting the equipment, each 

composite was flooded to reach the residual 

saturation of the oil and then flooded with oil until it 

reached the initial saturation of water. The effective 

oil permeability for the core with mixed wetting was 

measured at 416 mA and for the core with a water-

borne wetting agent equal to 632 mA. These effective 

permeation values were used as basal permeability’s 

to calculate relative permeability’s of each core. For 

each permanent test, the core was flooded with oil for 

direct initial conditions comparable to the core, and 

the effective permeability of the oil before the test 

was measured. The initial saturations for the cores 

were different from the average value of the mixture 

with the wetting. For the water-borne core, the initial 

saturation of the air bublemade before each test 

varied to a maximum of one unit size with a mean 

value. Injectable doses used in these tests, the 

procedure followed, and the initial air 

bublesaturations that were made after each flood with 

oil were summed up for blended and water-like 

composites in Tables 1 and 2, respectively. . 

 

Permanent tests were carried out by simultaneous 

injection of air bubleand oil into the core until stable 

conditions were achieved. Then, saturation of air 

bubleinside the cores increased with injection of 
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water, along with the reduction of injection-injected 

oil, for a constant injection rate during the test. The 

air bublesaturation increased by 8 steps, except for a 

fluid used in each step in Table 3. In each component 

of a fluid, after the system was brought to a steady 

state, core saturation was determined by X-ray 

composite scanning and equilibrium calculations. 

Examples of saturation profiles measured in a 

composite with mixed wetting are shown in Figures 3 

and 4. The precision of the material balance is usually 

around the saturation unit. The same precision is 

obtained by replacing 4.6% NaI in place of NaCl in 

the salt air bublecomposite for all experiments with 

X-ray scans. NaI improves the reflection between oil 

and salt air bublein the X-ray measurements. . 

 

During this experiment, like the total loss in the 

composite section, the pressure drop at the cross 

section of the internal pressure valves was also 

measured. Relative percentiles were calculated using 

the Darcy law and measured at the beginning of the 

experiment, as previously described. The capillary 

effect of the end points using a fraction of the core, 

which is free from the effects of the end, is shown in 

Figures 3 (obtained in 2ft / day) and 4 (in a discharge 

of 39ft / day) from the data Removed. (As expected, 

the end effect in tests with a 2ft / day discharge is 

greater than those at a rate of 39ft / day.) Fluid 

saturation was determined by averaging the on-site 

saturation profile on the core area and permeability 

Relative equivalents were determined using the 

pressure drop measured in the same region. The 

relative permeability curves obtained in the next 

section are investigated. 

 

III. RESULTS AND DISCUSSION 

 

3.1. Mixed wetting experiments: 

Composite properties with mixed wettability and 

fluids used in experiments are presented in Tables 4 

and 5, respectively. Relative permeability curves are 

shown in Fig. 5. The labels indicate the order of the 

order of the tests occurrence from the first (upper) to 

the last (bottom). Real speeds range from 2 ft / day to 

39 ft / day, and at the end the second injection test 

was performed at 2ft / day. The 2ft / day test was 

performed to obtain an estimate of the repeatability of 

the results twice. The curves are not smooth and 

indicate a straight line coupling between the relative 

flow points used in each permanent test. 

 

To estimate the effect of flow flux on relative 

permeability, all curves should be considered. The 

relative permeability curves of air bublein each flow 

stream are very similar. For all flow fluxes, curves 

were less than the saturation unit diverging from the 

mean value. Comparison of the relative permeability 

curves of the measured oil for all flow fluctuations 

indicates a slight difference between the graphs. With 

more attention, it can be seen that the movement of 

the curves is the result of the order in which the tests 

occur, rather than caused by flow flux. Subsequently, 

an experiment was carried out on these experiments, 

indicating a partial displacement of air bubleto higher 

values with an increase in relative permeability of oil. 

Although the core was given ten weeks to change the 

time, the core conditions seemed to be continuously 

and slowly changing over the course of three months. 

By averaging the data, the maximum difference 

between the curves was the average of the saturation 

unit. Since the measured difference in the graphs in 

different fluxes has the same degree of accuracy as 

the measurements, it can be concluded that the 

relative permeability of air bubleand oil for 

sandstones with mixed wetting in the range of The 

discharges used by the permanent method in these 

experiments are independent of flow flow. 

 

Wet-wetting experiments: 

The properties of rock with watery wettability and 

fluids used in experiments are presented in Tables 6 

and 7, respectively. The relative permeability curves 

of air buble drinkers that have been tested on a water-

like composite in all flow streams are shown in Fig. 

6. Again, the labels indicate the degree of the order in 

which the experiments occur from the first (upper) to 

the last (bottom). Real speeds range from 2 ft / day to 

39 ft / day. As the results of the state with mixed 

wettability, the curves are not smooth. 

 

Again, in order to estimate the effect of flow flux on 

relative permeability, all relative permeability curves 

should be compared. The relative permeability curves 

of air bublein each flow stream are almost identical 

and less than the saturation unit of the mean 

deviation. The relative permeability curves of the oil 

are slightly different, the difference between the 

saturation unit and the mean. The difference in the 

measured values in the graphs at different rates is of 

the same degree as the measurement accuracy. 

Therefore, the results show that when the fixed 

method is used, the relative permeability 

measurements of air bubleand oil obtained from the 

discharge typically used in the laboratory, the results 

are similar to those of the in-tank flows. Clearly, in 

this flow range, the relative permeability of oil and air 

bubleintakes for water-loving sandstones is by using 

a stable method independent of flow flux. 

 

IV. CONCLUSION 

 

Using a stationary method, laboratory measurements 

show that relative vapor permeability’s for water-

repellent sandstones and mixing wetting are 

independent of flow flux. Since the tests performed at 

high rates are less sensitive to laboratory problems, 

the use of flow fluxes higher than those occurring in 

reservoir flooding processes is suggested for 

laboratory measurements of relative permeability. If 

on-site saturation measurements are not available to 
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determine the effect of the end caps, the use of high 

fluxes ensures that viscose forces are larger than 

hairpin forces and that relative permeability’s are not 

less likely to be estimated. 

 

In these experiments, relative perceptions were 

determined from the direct application of the Darcy 

law. The effect of the pressure on the capillaries was 

removed from the data using only a fraction of the 

core that was not affected by the effects of the ends of 

the hair. An unaffected area was detected using 

measurements of x-ray saturation and internal 

pressure valves over the core. Therefore, any actual 

flow flux could have been detected from the effects 

of the end points. 

 

Additional research topics are underway. One of the 

areas of study is the effect of flow flux on relative 

permeability measurements for petroleum friend’s 

sandstones. A study using an unstable method is also 

being carried out to obtain relative permeability 

measurements. In this study, corneal flood 

simulations were used to calculate the effects of 

capillary pressure. According to the results of these 

studies, a full picture of the relationship between flow 

flux and relative permeability will be obtained. 
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Abbreviations: 

 = porosity (% PV) 

μo = oil viscosity (cp) 

μw = Salt Viscosity (cp) 

A = area (cm2) 

fo = oil except 

fw = air bubleexcept 

kg = gas permeation (mD) 

ko, iw = effective oil permeability at initial air 

bublesaturation (mD) 

kro, w = relative permeability of oil (% ko, iw) 

krw = relative permeability of air buble(% ko, iw) 

PV = volume of cavities (cc) 

q = total injection rate (cc / min) 

Swi = Primary air bublesaturation (% PV) 

v = apparent speed (ft / day) 

 

 
Fig 1&2. Composite cortical schematic. 

 

 
Table 1. Summary of static tests on the core with mixed 

wettability 

 

 
Table 2. Summary of Permanent Tests on the Cavity with Wet 

Air 

 

 
Fig 3& 4. Saturated profiles obtained at a 2-pipe / day 

permeable permeability test on a composite core with mixed 

wettability. 

 

 
Table 3. Permanent partial throat currents 

 
 


