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THE VARIATION OF TEMPERATURE DROP OF THE
COMPRESSED AIR IN PNEUMATIC NETWORK

DAN CODRUT PETRILEAN', ANISOR PARVU?,
ALINA ADELA DAVIDOIU?

Abstract: The purpose of this paper is to determine the temperature drop/meter
according to changes in volume flow of compressed air and the difference of temperature
between inside and outside the pipeline.

Keywords: the values matrix of temperature drop/meter, pneumatic network

1. GENERAL NOTIONS

Thermodynamically, the pneumatic mining networks are open systems that
change with the external environment both energy and mass (in the case of flow losses
through leaks).

The energy transfer between opened thermodynamic system and external
environment it can be done as heat and mechanical work and through the energy of the
mass involved in the mass transfer between the system and the external environment.

In this paper is only the study of the heat propagation through the endlessness
cylindrical walls. Since the cylindrical wall is endless it can be avoid the edge effect.
The compressed air pipes in hot mines at depths of hundreds of meters can damage the
underground climate. In such cases the heat losses are reduced through the pipes
insulation or cooling the air.

2. MATHEMATICAL MODEL

The steady heat propagation in the cylindrical surface without internal heat
sources defines Laplace’s equation, on the 0Z axis is represented the cylinder axle.
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It has been made the assumption that the temperature is stable in the cylinder
axle and that it varies only along the radius.
The equation in this case is:

2 2
ar ]; + 0 f =0 (1)
ox° 0Oy
followed by the circle equation:
Xyt = @)

According to Laplace’s equation, the transformation from the Cartesian
coordinates to cylindrical ones (and in this case only according to the radius) it can be
made using the following operation:
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According to the circle equation:

or_x Or_y @
ox r ox: P

have obtained:

O*T x* &*T y*or

= 5
ox* r* art P or ®)
and
O°T y* 0°T x* 0T
o T R Q
oy re ors r’ or
the equation resulted:
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written on the observation 7 = T(t).
With the condition r # 0 it is getting the solution:

T'=Alnr+B (8)
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which shows that the temperature varies logarithmically with the radius.
In order to calculate the constants 4 and B it have been admitted the singular
conditions of Dirichlet type:

r=ry; T=1T,
r=n; I'=1
resulting the temperatures field:
T, -T
=T+l 9)
ni %
T

the isotherms being coaxial cylindrical surfaces and coaxial with the cylinder axle.

T,

Fig. 1. Numbering range and temperatures

In figure 1 7y is the inner radius of the pipe, 7| is the external radius of the
pipe, T, the temperature inside the pipe and 7' is the temperature outside the pipe.
The heat flow density could be calculated using the Fourier hypothesis:
é:—}bgradT:&.u (10)
r 1 "
ni
o

The heat flow that streams through a current cylindrical surface of radius r is
calculated below:
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0=2n (11)



202 Petrilean D.C., Parvu, A., Davidoiu, A.A.

or it can be rationed to the linear meter of the cylinder pipe:

L

Generally, in the case of the air-conditioning parameters that matters is the
temperature drop on the pipe’s length due to the compressed air slacking and to the
heat exchange with the pipe’s environment. Thus:

EZL[O_C} 13)
AL ¢ m
V-p-c,

where: V is the volume flow through the pipe in m’/s; p - the density of the
compressed air, the average value on a pipe parcel or on the pipe section; ¢, — the
isobar heat capacity of the compressed air, which changes insignificantly in this area; A
- the coefficient of the air conduction

3. THE CASE STUDIED

The theoretical relationships deducted in this paper should be validated by
applying to a pneumatic plant.

First, are taken into consideration the real values of a pneumatic plant from
the Jiul Valley pitcoal mines. Thus, in the pneumatic network is delivering one or more
COMPIessors.

The air parameters when sucking are p; =1,013 bar and # = 20 °C, when
pressing p, =6 bar and £, = 60 °C. The compressor’s yield measured with a differential-
diaphragm gauge modulus is[1]:

V=0.725m*/s or V=0,725-3600=2610m>/h

The pneumatic network has pipes with diameter from 400 mm to 100 mm.

The compressors station is installed on the horizontal surface and goes
underground where it will branch at the levels towards the work places, stops and
investment works. Longer exist an additional network for supplying the underground,
used if the main one is damaged.

Usually the pneumatic consumers are: the borers’ type PR8 and P 90; pick
hammer type CA 14; the pneumatic fans; electro pneumatic fans; winds.

The energy consumption of the air conveyor changes according to the air
parameters when sucking and when the pressure from that network in which the energy
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consumption upsets varies. The pipe’s diameters from the pneumatic network are
presented in table 1, where d; and d, are inside and outside diameters.

Table 1. The pipe’s diameters from the pneumatic network

d; (mm) 89 108 133 159 219 273 325 377 426

d, (mm) 96 116 141 168 233 289 343 393 446

The variation of the temperature drop/meter it will be determined according to
the volume flow of the compressed air and the temperature difference between the
inside and outside of the pipe. The compressed air at the compressors station exit is
hot, a temperature between 40...60 °C.

The average density of the compressed air is:

p 6-10°

== =647 kg/m’
RT  287(273+50) &

p

The coefficient of the air thermal conduction is A = 0.028 W/(m'K) and
c,=1012 J/(kg-K).

Assuming the isothermal compression on the pipe’s section (5m) or in the
case of the buried pipes, the external temperature (of the underground) is considered
constant and equal with 20 °C.

On the other hand, since the thermal resistance of the pipe’s wall is negligible
just because of the wall’s thickness that measures just few mm and the thermal
conduction coefficient of the pipe’s material approaches 50 W/(m-K), the temperatures

difference (T, —7;)= AT =50-20=30°C.
The compressed air temperature drop using the relations (11) and (12) is:

Ar_ 2mAT 2-3.14-0.028~3096:0'0148 i
Vp-c,In" 0.725-6.47-1012In_
7y &9

1m

or on a section: 0.0148-5 = 0.074 °C/5m, and at 1 km = 14.8°C.

This value is an informative one. To visualize the results it will be considered
a range of values for the temperature difference between inside and outside the pipeline
(fig. 4).

It will be considered the variables, the difference 7, —7; = AT according to the
climatic conditions for the following range of values: 22; 25; 28; 30; 32; 35 °C and the
volume flow of the compressed air, for the following range of values: 0.725; 1.45;
2.175;2.9; 3.625.

In figure 2 is presented the matrix of the temperature variation/meter on the
pipe’s length according to the volume flow and the temperature difference:
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Fig. 2. The matrix of the temperature variation/meter on the pipe’s length

In figure 3 is presented the temperature drop/meter for constant values of the
volume flow and the temperature variation between (22-35) °C.
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Fig. 3. The temperature drop/meter according to the volume flow

In figure 4 is presented the temperature drop/meter for the values of the
volume flow between (0.175-3.625) m’/s and the imposed temperature variation.
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Fig. 4. The temperature drop/meter according to the temperature difference
between the inside and outside pipe

4. CONCLUSIONS

The temperature drop/meter registers a linear — logarithmic increase depending
on the volume flow along with the increasing of temperature difference as we can see
in figure 3.

As the gas volume flow increases, the temperature drop/meter is decreasing, as
we can see in figure 3.

For constant values of the difference in temperature between the inside and
outside the pipe, the temperature drop/meter decreases along with the gas volume flow
increase, as we can see by curves presented in figure 4.

REFERENCES

[1]. Irimie, L.I., Matei, L., Gas dynamics of pneumatic networks — Calculation methods,
Technical Publishing House, Bucharest, 1994. (Romanian language)

[2]. Marinescu, M., Baran, N., Radcenco, V., Dobrovicescu, A., Chisacof, A., Grigor, M.,
Raducanu, P., Popescu, Gh., Ganea, 1., Duicu, T., Dimitriu, S., Papadopol, C.,
Badescu, V., Brusalis, T., Boriaru, N., Apostol, V., Vasilescu, E., Stanciu, D.,
Isvoranu, D., Danescu, R., Dinu, C., Costea, M., Malancioiu, O. Mladin, C.,
Craciunescu, O., Technical Thermo — dynamics - Theory and applications, books 1,2 and



206

Petrilean D.C., Parvu, A., Davidoiu, A.A.

[3].
[4].
[5]-

[6].

[7].

[8].

[9].

3, MatrixRom Publishing House, Bucharest, 1998; (Romanian language)

Leca, A., Prisecaru, 1., Thermo — physical and thermo — dynamic properties, Technical
Publishing House, 1994; (Romanian language)

Magyari, A., Mechanical installations for underground use, Technical Publishing House
Tehnicd, Bucharest, 1990; (Romanian language)

Petrilean, D.C., Popescu, F.D., Temperature Determination in Hydrotechnical Works as a
Variable of the Energy Change Between Air and Environment, http://www.wseas.us/e-
library/transactions/heat/2008/28-214.pdf, WSEAS TRANSACTIONS on HEAT and MASS
TRANSFER, ISSN: 1790-5044 http://www.worldses.org/journals/hmt/heat-2008.htm, pag.
209-218 Issue 4, Volume 3, October 2008;

Petrilean, D.C., Dosa, 1., Calculus of Indicated Power by Mathematical Modeling Method
of Compression Process and Study of Exegetic Efficiency of the Helical Screw Compressor
with  Oil Injection, http://www.wseas.us/e-library/transactions/fluid/2008/28-244.pdf,
WSEAS TRANSACTIONS on FLUID MECHANICS,
http://'www.worldses.org/journals/fluid/fluid-2008.htm ISSN: 1790-5087, Issue 1, Volume
3, 2008;

Petrilean, D.C., Popescu, F.D., Characteristics of Air Parameters in Hydro-Technical
Works, http://www.wseas.us/e-library/conferences/2008/rhodes/hte/hte45.pdf, pag. (294-
298), NEW ASPECTS of HEAT TRANSFER, THERMAL ENGINEERING and
ENVIRONMENT, Proceedings of the 6th IASME/WSEAS International Conference on
HEAT TRANSFER, THERMAL ENGINEERING and ENVIRONMENT (HTE'08) Rhodes,
Greece, August 20-22, 2008, ISSN: 1790-5095, ISBN:978-960-6766-97-8,
http://www.worldses.org/books/2008/rhodes/new_aspects_of heat_transfer thermal _engin
eering _and_environment.pdf

Petrilean, D.C., Dosa, 1., Study of Exergetic Efficiency of the Helical Screw Compressor
with Oil Injection, http://www.wseas.us/e-library/conferences/2008/rhodes/hte/htel6.pdf,
pag. (116-119), NEW ASPECTS of HEAT TRANSFER, THERMAL ENGINEERING and
ENVIRONMENT, Proceedings of the 6th IASME/WSEAS International Conference on
HEAT TRANSFER, THERMAL ENGINEERING and ENVIRONMENT (HTE'08) Rhodes,
Greece, August  20-22, 2008, ISSN:1790-5095, ISBN:978-960-6766-97-
8, http://www.worldses.org/books/2008/rhodes/new_aspects_of heat_transfer _thermal eng
ineering_and_environment.pdf

Radcenco, V, Generalized thermodynamics, Technical Publishing House, Bucharest, 1994.
(Romanian language)


http://www.wseas.us/e-library/transactions/heat/2008/28-214.pdf
http://www.wseas.us/e-library/transactions/heat/2008/28-214.pdf
http://www.worldses.org/journals/hmt/heat-2008.htm
http://www.wseas.us/e-library/transactions/fluid/2008/28-244.pdf
http://www.worldses.org/journals/fluid/fluid-2008.htm
http://www.wseas.us/e-library/conferences/2008/rhodes/hte/hte45.pdf
http://www.worldses.org/books/2008/rhodes/new_aspects_of_heat_transfer_thermal_engineering_and_environment.pdf
http://www.worldses.org/books/2008/rhodes/new_aspects_of_heat_transfer_thermal_engineering_and_environment.pdf
http://www.wseas.us/e-library/conferences/2008/rhodes/hte/hte16.pdf
http://www.worldses.org/books/2008/rhodes/new_aspects_of_heat_transfer_thermal_engineering_and_environment.pdf
http://www.worldses.org/books/2008/rhodes/new_aspects_of_heat_transfer_thermal_engineering_and_environment.pdf

