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Abstract. In this paper, the estimation error of Dr. Pole's
empirical equation was evaluated using copper pipes of
different diameters (0.00953, 0.0127, 0.01588 m), under
different flow pressure conditions (0, 300, 500, 1000,
1500, 2000, 2500, 3000 L/h). To carry out the experi-
ments, the following instruments were used: an air
compressor, 2 flow valves, a needle valve, a gas rota-
meter, copper piping, pressure gauges and transmitters, a
Norus data logger with 4 to 20 mA output signals,
thermocouples, and thermoresistors. They allow us to
establish that the air pressure drops when the flowing
through the pipes is higher (380 Pa) for small diameter
pipes (0.00953 m), compared to larger diameters
(0.01270 m and 0.01588 m) with a maximum of 54 and
28 Pa, respectively; and in relation to the flow rates, the
pressure drop increases with a quadratic trend with respect
to the flow rate. Finally, the residual errors that the
empirical equation has in the pressure drop calculations, in
general terms, are not of great magnitude.
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1. Introduction

In the oil and natural gas industry, there are internal
corrosion problems that can be the cause of multiple
accidents in the facilities where these activities are carried
out,* drastically reducing their useful life and production
volumes, ultimately leading to a decrease in the
profitability of oil and gas production.” Thus, when water
is transferred in this state and combined with these
hydrocarbons, alterations in both gaseous and liquid flow
patterns can be caused, as well as mass transfer rates that
can accelerate the corrosion of the metallic surfaces of the
pipes.® Therefore, the selection of pipe material grades
with higher corrosion resistance and the treatment of the
circulating water have been considered as preventive
measures.”
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In the specialized literature, empirical equations
such as those of Darcy Weisbach, Colebrook-White,
Renouard, Weymouth, Cox, and others, have been iden-
tified; whose purpose is to provide the methodology to
follow to estimate the pressure drop of gas flows.
Likewise, and as the basis for this study, we highlight the
empirical equation of Dr. Pole, in which the gas flow rate,
as well as the pipe diameter and length, are related to the
pressure loss. An unknown aspect of this equation is the
accuracy or error it has in its estimates.’

Some studies have shown that the change in
variables such as gas pressure, confining pressure, and
effective pressure can affect the gas permeability of rocky
materials such as (sandstone, coal, etc.).®

In addition, the increase in the gas flow will
generate a reduction in the gas temperature and the density
of its electrons, affecting the residence time of both heavy
particles and electrons.”’

Therefore, the equations applied in these case
studies must be the ones that describe the flow pheno-
menon under the conditions of a given situation best of all,
so that, with the calculations, the pipes that meet the
requirements can be selected. necessary for the installation
of pipe networks that carry gas.

Thus, in this project, it is proposed to evaluate the
mentioned equation with experimental data, to verify the
error that it has, in the estimation of the pressure loss
using air as the fluid that circulates through straight pipes,
at low pressures. In addition, this study will allow to
spread and understand the pressure drop of a compressible
fluid in copper pipes of different diameters. It is important
to know that the model obtained can serve as a basis for
the design of gas networks of similar characteristics,
industrial or commercial (pressure higher than 7000 Pa,
model proposed by Muller) or for commercial networks
(pressures lower or equal to 7000 Pa, Pole's model). This
allows pressure losses to be calculated, to evaluate the
functionality and feasibility of the design, and to
systematize the total length of the pipe, the flow rate, and
the gas speeds in the pipeline.
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2. Materials and Methods

The methodology adopted in this research consisted
of carrying out experimental tests of airflow through
copper pipes of different diameters and at different flow
rates. In the tests, geometric data of the pipe, and
thermodynamic properties (pressure and temperature of
the air that enters and circulates) were collected. Finally,

©

with the experimental data, a quadratic regression analysis
of the pressure drop as a function of the flow was carried
out and corrected to standard conditions to verify if they
have a tendency or meet this condition, such as the
equation proposed by Dr. Pole.

2.1. Laboratory Phase
The parts that compose it according to the scheme are:

Sk

Legend

1.Air compressor

2.Gate valve

3.Cu tube of length (L) and diameters D1, D2 and D3

4.Needle valve

5.Gas rotameter marks in a range of 300 to 3000 L/h factory calibrated
6.Norus brand data logger with output signals from 4 to 20 m A, voltage,
thermocouples and thermoresistors

7.Pressure gauges and transmitters of ranges P1 (0-3000 Pa) and P2 (0-4000
Pa) with DC power supply. 24 V and output current from 4 to 20 m A.
8.Pressure gauges and transmitters of ranges P1 (0-3000 Pa) and P2 (0-4000
Pa) with DC power supple. 24 V and output current from 4 tp 20 mA.
9.Needle valve

Fig. 1. Module diagram

1. An air compressor supplies this gas at a pressure
ranging from 103421 to 344738 N/m?. It has an automatic
pressure control system to activate and deactivate the
compressor motor.

2. A ball-type shut-off valve of 2 inch nominal
diameter, to open or close the passage of air from the
compressor to the copper pipe.

3. High-pressure hose with an external diameter of
0.10 m, which allows air to be transported from the
compressor to the copper pipe.

4. 0.00635 m needle valve, which allows to formu-
late the flow and pressure of air that enters the rotameter
and a copper pipe.

5. Gas rotameter, which allows the volumetric flow of
air to be measured. Range from 300 to 3000 L/h. Made of

glass and steel material. The diameters of the threads for the
installation of the air inlet and outlet pipes are 0.00635 m.

6. Rigid copper tube type L, adapted at two points
for pressure measurement, as well as for installation and
removal inside the module. The points for pressure
measurement are one from the other at a distance of 4.76
m. in the three tubes used in the tests (nominal external
diameters: 0.01 m, 0.013 m, and 0.016 m)

7. Pressure gauges and transmitters. The range of
the first one, which is located after the rotameter, is from 0
to 4000 Pa and the second one, which is at the end, is
from 0 to 3000 Pa. The electrical signal transmitted by
both is from 4 to 20 mA.

8. NORUS brand data logger and indicator. It
allows visualizing the magnitude of the pressure measu-
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rements. The input type of electrical signals is universal. It
has 8 channels for the connection and detection of analog
signals.

9. This module allows you to exchange pipes of
different materials and diameters (up to approximately 1-
inch nominal diameter). It also allows experiments to be
carried out with different gaseous fluids (air, liquefied
propane gas, natural gas, O, N, and CO,) at low
pressures. For high pressures, it is necessary to replace the
pressure gauges to an appropriate range.

2.2. Experimental Procedure

To carry out the experimental tests, the 0.010 m
diameter Cu pipe was installed for the first experiment.
Then, the high-pressure hose was connected to the
compressor and it was verified that it is in perfect working
order; while simultaneously the data recording an
indicator came on, verifying that all the equipment works
correctly. As an additional step, it must be avoided that,
when turning on the air compressor, the registered flow
rate is greater than 4000 Pa and that the high-pressure
hose is properly connected. Then, the temperature must be
measured when the flow registers a value of zero, as well
as the pressure data at P1 y P2. Another important aspect
is to regulate the flow of the rotameter according to the
estimated time for each experiment (300, 500, 1000, 1500,
2000, 2500, and 3000 L/h).

Once work was finished with the first pipe and
after recording the pressure data correctly, the next pipe

was connected to the data recording indicator, repeating
the procedure described above. Finally, after performing
all the measurements, the equipment was disconnected.

2.3. Cabinet Phase

This equation allows us to determine the pressure
loss in the gaseous flow at pressures less than 7000 Pa. Its
importance is explained in Fig. 2.

Then the equation provided in the NTP 111.01% is
the following:

==Ly _rr__° &
AP Coefficient XKq
where D = @ is the actual inner diameter (m); L is the
length (m); AP is the pressure loss (Pa); PCT is the total
calculation power (J/s) and K; is the friction factor
according to @ (Table 1).
Rearranging Eq. (1) to make it explicit for pressure

drop we have:
AP = —2 L x— @)
D

coef2xK,?

The total calculation power is a function of the
volumetric flow of the gas that circulates through a pipe,
which leads it to one or several pieces of equipment that
consume fuel gas to release heat by combustion. This term
is related to the volumetric flow as follows (Calculation of
gas installations).

PCT = Q X PCS 3
Where, Q is the flow rate (L/h); PCS= Higher calorific

value (J/m®)

|
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Fig. 2. Scheme of pressure drop in the pipe

Table 1. The coefficient for Natural Gas

L] Ky
0.009525 — 0.0254 1800
0.03175 - 0.0381 1980

0.0508 — 0.0635 2160
0.0762 2340
0.1016 2420

Source: 8
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Then substituting Eqg. (3) in Eg. (2) and ordering

we have:
PCS? 2
AP = =T X L X % 4)

In this last equation, the superior calorific value
and the coefficient depend on the physical characteristics
of the gas that circulates for the pipe, while K; depends
only on the diameter of the pipe.

Observation:

The higher heating value of a gas is the amount of
energy released by the complete combustion of a unit
volume of a gas under normal conditions of P and T
(273.15 K and 101325 Pa). This energy released is total, a
part of which goes so that the water that is produced in the
combustion changes the phase from liquid to vapor, there
is also a lower calorific value.

Eq. (4), expressing it for any gas, would have the
form:

AP = KgasKrype X L X % ®)

From another specialized source, Pole's equation
has the form:

AP = K,LQ* = K3Q° (6)

K, is a constant that depends on the type of gas, the
installation material and the diameter of the pipe.

Egs. (5) and (6) have similar forms, the only
difference is that the constants Kgs, Kwhe and D are
grouped into a single K.

For this investigation, Eq. (6) will be used, which is
expressed in general terms with separate constants for the
gas and the tube.

In the case of calculating the corrected flow rate,
we deduce the following Eqg. (7) at standard conditions:

T =298.15K,P =101325 Pa

P, T,
Qcorrected TP — Qexp T,P x—=F— x -2 (7

Pcorrec Texp

2.4. Calculation Procedure

2.4.1. Flow Rate at Standard Conditions

With the data obtained from the flow rate
experiments, pressure at point 1, and air temperature, the
calculation of the flow rate at standard conditions
(298.15 K and 101325 Pa) was carried out using Eq. (6)
that relates to the experimental flow rate, the experimental

Table 2. Characteristics of the tubes

pressure at 69306.3 Pa, the absolute pressure of
101325 Pa, temperature of 298.15 K and air temperature.

2.4.2. Obtaining the Coefficient K3

From Eq. (5) and applying the polynomial regression
method, the correlation coefficients representing the
coefficient K; were obtained that later will be used to
obtain the quadratic regression curve.

2.4.3. Calculation of Kiype

From Eq. (4) and with the data obtained from the
relative density of the air, the coefficient K3 and knowing
the diameter of the pipes thaw areas and the length
recorded between points P; and P, determined the Kyype.

3. Results and Discussions

The experimental data shown in Tables 2 and 3 are
the characteristics of the tubes and air flow data, gauge
pressures at the two points of the copper pipes and the air
temperature.

All the tubes used were copper, rigid, and type L.

The flow rate was regulated with the needle valve
and measured with the rotameter, at temperature and
pressure conditions (P1) that are recorded in this table.
The air temperature measurement was made at the outlet
of the copper pipe, and it was considered that the variation
in air temperature when it circulates from the rotameter to
the outlet of the pipe is insignificant. Also, it was
considered that the air pressure drop from the rotameter to
the first pressure point (P1) is negligible. These
considerations were applied to correct the air flow from
the experimental conditions, to the standard pressure and
temperature conditions (298.15 K and 101325 Pa).

3.1. Pressure Drop and Flow Rate

This section contains Table 4, which shows the
results of the calculations: flow rate at standard con-
ditions, the relative density of air at the experimental
conditions, and the pressure loss observed in each
experiment. It is observed in the data that the relative
density of the air is less than unity since the gauge
pressure in the place where we carried out the experi-
mental tests is less (69306.3 Pa) than the atmospheric
pressure at sea level.

N° External diameter (m) | Wall thickness (m) Interna(l rTﬁl;a\meter Length between press(lrJT:;a measurement points
1 0.00953 0.00076 0.00801 4.76

2 0.01270 0.00086 0.01092 4.76

3 0.01588 0.00102 0.01384 4.76
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Table 3. Measurements of air flow, pressures, and temperature
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Outside Diameter Outside Diameter Outside Diameter
No FLOW Tube = 0.00953 m Tube =0.0127 m Tube =0.01588 m
(L/h) P, P, T° P, P, T° P: P, T°
(Pa) (Pa) (K) (Pa) (Pa) (K) (Pa) (Pa) (K)

1 0 0.000 0.000 293.15 0.000 0.000 293.15 0.000 0.000 293.15
2 0 0.000 0.000 293.15 0.000 0.000 293.15 0.000 0.000 293.15
3 0 0.000 0.000 293.15 0.000 0.000 293.15 0.000 0.000 293.15
4 300 137.0 3.2 293.15 43.8 15 295.15 14.2 1.3 293.15
5 300 141.0 35 293.15 43.7 14 293.15 13.1 1.2 293.15
6 300 137.4 3.3 292.15 43.7 1.3 293.15 14.9 2.1 293.15
7 500 199.6 35 293.15 61.7 2.1 294.65 19.9 3.1 293.15
38 500 197.4 35 293.15 63.4 2.3 293.15 20.4 2.4 293.15
9 500 199.3 3.6 292.65 63.5 2.3 293.15 21.6 2.9 293.15
10 1000 668.1 15.3 293.15 122.8 49 294.15 42.2 10.3 293.65
11 1000 663.7 16.0 293.15 122.7 4.6 293.15 45.2 07.9 293.15
12 1000 681.9 16.7 292.65 125.2 4.4 293.15 46.1 10.9 293.15
13 1500 1222.7 28.8 293.15 317.2 11.4 294.15 83.8 19.7 293.65
14 1500 1286.6 30.7 293.15 315.6 11.4 293.15 76.4 16.5 293.15
15 1500 1285.8 30.6 293.15 318.5 13.9 293.15 81.3 20.1 293.15
16 2000 2021.5 47.8 293.15 512.1 18.6 293.65 155.3 26.4 293.15
17 2000 2038.8 49.8 293.15 528.9 22.3 293.15 152.2 35.3 293.15
18 2000 2065.5 49.2 293.15 527.8 22.0 293.15 152.2 25.6 293.15
19 2500 2808.9 66.9 293.15 753.6 32.8 293.15 221.3 51.8 293.15
20 2500 2932.7 70.4 293.15 744.0 28.4 293.15 208.8 38.0 293.15
21 2500 2835.0 67.8 293.15 744.7 32.8 293.15 223.8 54.3 293.15
22 3000 4013.0 97.8 293.15 1072.3 42.2 293.15 300.7 76.6 293.15
23 3000 3787.1 97.5 293.15 1046.8 47.3 293.15 285.5 52.0 293.15
24 3000 3945.3 98.5 293.15 1069.1 47.4 293.15 295.5 54.5 293.15

Table 4. Calculation results for flow rate at standard conditions and relative air density

Outside Diameter Tube = 0.00953 Outside Diameter Tube = 0.0127 Outside Diameter Tube = 0.01588

FLOW m : m : m :

Standard Relative | Standard Relative | Standard Relative
(L/h) P.-P, ; P1-P, ; P.-P, :

Flow (Pa) dens!ty of Flow (Pa) dens!ty of Flow (Pa) dens!ty of

(L/h) air (L/h) air (L/h) air

1 2 3 4 5 6 7 8 9 10 11
1 0 0.0 0.000 0.696 0.0 0.000 0.696 0.0 0.000 0.696
2 0 0.0 0.000 0.696 0.0 0.000 0.696 0.0 0.000 0.696
3 0 0.0 0.000 0.696 0.0 0.000 0.696 0.0 0.000 0.696
4 300 209.2 133.8 0.697 207.5 42.3 0.692 208.8 12.9 0.696
5 300 209.2 137.5 0.697 208.9 42.3 0.696 208.8 11.9 0.696
6 300 209.9 134.1 0.700 208.9 42.4 0.696 208.8 12.8 0.696
7 500 349.0 196.1 0.698 346.5 59.6 0.693 348.1 16.8 0.696
8 500 349.0 193.9 0.698 348.3 61.1 0.697 348.1 18.0 0.696
9 500 349.6 195.7 0.699 348.3 61.2 0.697 348.1 18.7 0.696
10 1000 702.7 652.8 0.703 694.8 117.9 0.695 695.2 31.9 0.695
11 1000 702.6 647.7 0.703 697.2 118.1 0.697 696.4 37.3 0.696
12 1000 704.0 665.2 0.704 697.2 120.8 0.697 696.4 35.2 0.696
13 1500 1062.3 1193.9 0.708 1045.1 305.8 0.697 1043.4 64.1 0.696
14 1500 1063.3 1255.9 0.709 1048.7 304.2 0.699 1045.1 59.9 0.697
15 1500 1063.3 1255.2 0.709 1048.7 304.6 0.699 1045.1 61.2 0.697
16 2000 1432.5 1973.7 0.716 1399.8 493.5 0.700 1395.0 128.9 0.697
17 2000 1432.8 1989.0 0.716 1402.5 506.6 0.701 1394.9 116.9 0.697
18 2000 1433.4 2016.3 0.717 1402.5 505.8 0.701 1394.9 126.6 0.697
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1 2 3 4 5 6 7 8 9 10 11
19 2500 1810.4 2742.0 0.724 1758.8 720.8 0.703 1745.4 169.5 0.698
20 2500 18135 2862.3 0.725 1758.5 715.6 0.703 1745.1 170.8 0.698
21 2500 1811.0 2767.2 0.724 1758.5 711.9 0.703 1745.5 169.5 0.698
22 3000 2208.7 3915.2 0.736 2120.1 1030.1 0.707 2096.9 224.1 0.699
23 3000 2201.9 3689.6 0.734 2119.3 999.5 0.706 2096.4 2335 0.699
24 3000 2206.6 3846.8 0.735 2120.0 1021.7 0.707 2096.7 241.0 0.699
1200
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Visualizing these data graphically (Fig. 3), it can be
seen that the pressure drop experienced by the air when it
travels a length of 4.76 m through the copper pipes
increases with the air flow. Likewise, the trend curves are
made with the quadratic equations according to the form
proposed by Dr. Pole (Eq. (3)). The comparison of the
experimental data with those of the trend line equation
shows, in all three cases, that the increase in pressure drop
as a function of flow rate has a trend that approximates the
quadratic equation without an independent term that Dr.
Pole proposes.

The standard flow rate used in Fig. 3 is less than
the flow rates measured at the experimental conditions
(Fig. 4). The reason for this is the difference in
atmospheric pressure, as well as in the temperatures. If the

three figures above are superimposed into one, it is found
that the pressure drop in 4.76 m of copper pipe is greater
when the diameter is small.

3.2. Coefficients of Dr. Pole's Equation

The calculated empirical coefficients are shown in
Table 6. The empirical coefficient K; was calculated,
according to Eq.(5). This value was obtained by a
polynomial regression for the set of experimental data
obtained in each pipe. In addition, it is worth mentioning
that, for the regression, the form of the equation that was
adopted was of the second degree as a single term
(without an independent term and neither a first-degree
term).
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Fig. 4. Graphical representation of the pressure
drop vs. the air flow rate at standard conditions,
for the three copper pipes

From the calculations, the correlation coefficient
was also obtained for each analyzed equation. Finally, the
average coefficient K is presented in this Table for each
equation according to Eg.(4). For this, it is being
considered that K; = Kype, and in the calculations it was
considered that Kgas is equal to the relative density of air,
similar to what happens with the Renouard equation.

3.3. Residual Errors of Dr. Pole's
Equation

Next, the residual errors of the Pole equation for
the three pipes are graphically observed. This error was
calculated by the difference of the experimental pressure
drop, with respect to those obtained with those of Dr.
Pole's equation, as shown in Fig. 5.

From the results of the pressure drop that was
observed in the three cases, they lead to establish that this
increases with small diameters. That is, there will be a
greater drop in air pressure when the diameter of the pipe
is small. In addition, it can be noted that the tendency of
the pressure drop concerning the flow is that it approaches
a quadratic equation, as proposed by Dr. Pole's equation,
and that the results are similar to those reported by Badie
et al.’ Due to the retention and pressure gradient data for
air-water and air-oil flow in a horizontal pipe of 0.079 m
in diameter, if the liquid flow is increased, no matter how
insignificant it may be, it causes an increase in the
pressure gradient compared to a single-phase gas flow.
While, Wu et al.’ reported that the contact angle has little
impact on the gas pressure drop for the stratified flow
regime, but determines the meniscus of the two-phase
interface, which affects the optical detection of liquid
thickness in the experiment, resulting in the importance of

understanding two-phase flow dynamics, multichannel
design, experimental design, and control of two-phase
flows in thin channels. As well, Liang et al.*! analyzed the
influence of parallel gas flow direction, velocity, and
temperature on the non-isothermal liquid bridge flow
structure using the PIV technique, to explain these flow
patterns and to model pressure drop, rate of mass transfer,
and the interfacial area for a 0.03 m diameter vertical tube,
the operating conditions of which were at ambient
pressure and temperature, registering values below 0.30-
0.32. Likewise, the general equation proposed by Dr. Pole
indicates that the pressure drop of gas at low pressures: a)
varies directly and linearly with the length of the pipe, b)
varies according to the function of the second degree
concerning the flow and, c) it varies inversely according
to the function of the fifth-degree with respect to the
internal diameter of the pipe. According to this and the
experimental results, the quadratic trend of the pressure
drop can be verified. Also, the average empirical tube
constant (Kype) indicates that it varies according to the
pipe being used, as found in the specialized literature. For
example, Bissor et al'? developed the numerical
simulation and subsequent experimentation of a flow
composed of air and liquid, establishing new mechanical
models that predict the effect of parameters such as gas
pressure, diameter, and inclination of the system's piping
on the critical gas flow rate necessary to remove the liquid
of the piping system and thus prevent them from affecting
the components of these systems where these activities are
carried out. In addition, Alsaadi et al.** developed
experiments with air and water in a 0.0762 m diameter
pipe and with a good deviation of 60° to 88° from the
vertical, in which the results showed a significant effect of
the angle of deviation in the beginning of a load of liquid,
in addition to the diameter of the pipe with which you
worked.

Regarding the correlation coefficients that were
obtained for each quadratic regression, they confirm that
there is a second-degree trend of the flow with respect to
the pressure drop since the values are very close to the
unit. In this point, Zhou and Yuan* established that, in
addition to gas velocity, liquid retention is an important
variable, basing their research on the Turner droplet
model; but that from his experiments he established a
new model that showed a better correlation between
these variables. Similar applications were made by
Trifonov™® for the theoretical analysis of a gas-liquid
flow in favor of the current between two inclined plates,
based on the Navier-Stokes equation, establishing that
the gas flow significantly affects this variable and the
phase velocity.
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Table 6. Results of the empirical coefficients of Dr. Pole's equation and quadratic correlation coefficient

Ne EXTERNAL EQUATION OF DR. POLE CORRELATION AVERAGE
DIAMETER (m) (AP = K5Q%) COEFFICIENT COEFFICIENT
Ki
1 0.00953 8.35229x10° Q° 0.988962218 0.0815
2 0.0127 2.34579x10° Q? 0.995370011 0.1088
3 0.01588 5.56443x10” Q7 0.992728096 0.0846
300 L ) I, )
1 - [ . 40 4 . . .
200 - []
& 100+ " . g “ =
2 . 2o . d —
% 5’ 10‘00 2500 .g 0 1000 2000 3000
< 100 1 = 20 .
2001 : -40 4 -
-300 - .
= Mistake (Pa) - 80 = Mistake (Pa)
" Q(L/h, 298.15 K,101325 Pa)
Q(L/h, 298.15 K,101325 Pa)
a 0
30
25 -
204
Fig. 5. Graphical representation g :z !
of the residual errors as a function % . T —
of the airflow rate at standard conditions, for IS " B
a) 0.00953,b) 0.0127, 01 . Lo
¢) 0.01588 m diameter pipe 5 .
-10 4 m  Mistake (Pa) -

The difference of the experimental pressure drop data
concerning those obtained by Dr. Pole's equation;
difference called a residual error, is greater in the pipe
with an external diameter of 0.00953 m. reaching its
maximum of 380 Pa, while for pipes with a diameter of
0.0127 m and 0.01588 m they are low, with maximums of
54 and 28 Pa, respectively. These differences can be
reduced by installing a gas pressure regulator before the
rotameter, so that the gas flow is stable, which in the
experiments was done manually, and despite this, some
variations affect the pressure measurements. But in
general terms, the residual errors are small and do not
have a particular trend with the air flow. In that sense, Shi
et al.’® pointed out that parameters such as the empty
fraction are important to understand the flow of two
phases in descending vertical pipes since there are models
that have errors in the calculation of this variable when
correlations are used, establishing a new model that takes
into account the pattern of flow and which helps to

Q(L/h, 298.15 K, 101325 Pa)

C

overcome the deficiencies of conventional correlations.
The relative errors which he obtained from these
correlations ranged from 21.65% to 8.65%, and the mean
absolute errors ranged from 8.57% to 23.17%, best fitting
the experimental data. As well, Kopparthy et al.'’ estab-
lished that in single-phase turbulent flows, the axial
pressure change in the channel has been validated against
experimental data and that only one of all the models was
associated with flow regimes and air accumulations.

4, Conclusions

The errors that occur when using the empirical
equation of Dr. Pole to calculate the pressure drop, are
greater in small-diameter pipes compared to larger
diameters and are not related to the air flow. Likewise, it
was shown that the air pressure drop, when it circulates
through a pipe, has a linear relationship with respect to
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length, a second-degree relationship with respect to flow
rate, and an inverse relationship with a fifth-degree
function with respect to diameter. In addition, when it
flows through pipes, it was shown that the highest rates
occur when the diameters are smaller, compared to those
with a larger diameter. About the flow rates, the pressure
drop increases with a quadratic trend with the flow rate
and the residual errors that the empirical equation has in
the pressure drop calculations, in general terms, they are
not of great magnitude. This equation is used to determine
the pressure drop of air when it circulates through a pipe
and has a linear relationship with respect to length, a
second-degree relationship with respect to flow rate, and
an inverse relationship with a fifth-degree function with
respect to diameter.
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EKCIIEPUMEHTAJIBHA OLIHKA EMIIIPUYHOI'O
PIBHSIHHSA B T”A30BOMY IIOTOII

Anomauin. Y yiti cmammi oyiHeHo NOXuOKy OYiHIOBAHHS
emnipuunozo pienanna Ilona 3 euxopucmauuam MioHux mpyo
piznux diamempis (0,00953, 0,0127, 0,01588 m), 3a pisnux ymos
nomoky (0, 300, 500, 1000, 1500, 2000, 2500, 3000 a/200). Lna
npoGeodeHHs eKxChepumMenmie 6yiu GUKOPUCMANT HACMYNHI NPUAAoU.
nOGIMmpAHULL KomMnpecop, 2 npomoyHi GeHMUI, 20T4ACMULL 6EHMUTb,
2asosuil  pomamemp, MIiOHI  mpyoOONpoeoou, MaHomempu i
nepeoasaui, peccmpamop Oanux Norus 3 6UXIOHUMU CUSHATAMU 8i0
4 0o 20 mA, mepmonapu i mepmopesucmopu. Lle dano 3mozcy
6CMAHOBUMU, WO NAOIHHA MUCKY NOBIMPsL NI 4AC NPOXOOINCEHHS
uepes mpyou ¢ euwum (380 Ila) ons mpy6 manoeo diamempy
(0,00953 m) nopiensino 3 mpybamu binbuozo oiamempy (0,01270 m
1 0,01588 m) 3 makcumanohum snavennsm 54 i 28 Ila, 8ionosiono, i
BIOHOCHO  WIBUOKOCMI  NOMOKY NAOIHMA MUCKY 3POCMAE 3
K6AOpamuyHo — MeHOeHYI€l0  BIOHOCHO — WBUOKOCMI  NOMOK).
Hapewmi, sanuwxosi noxubku, aki mMae emnipuyHe pIGHAHHA 8
PO3paxynkax nepenady mucky, y yiiomy, He € GeIUKUMU.

Knrouosi cnosa: nosimpsinuii nomixk, eumpama, muck,
diamemp, mpyoa.
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