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THE COOLING DEVICE OF LOCOMOTIVE
WITH VAPORIZING COOLANT
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Summary: The analysis of the intensification methods ofthesnsfer processes, a comparative analysis of
the effectiveness of the radiator sections whely therk in the traditional system and using themaas
condensing unit in the evaporative cooling systewetbeen presented.
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INTRODUCTION

The cooling devices of modern locomotives are kntwvbe the main consumers
of the power transferred from the diesel for thgileary engine needs. For instance, for
locomotive 22116 this power is 225,6W [Filonov S. P, Gibalov A. I, Nikitin E. A,
1996] (10,02% of the diesel power), 188\ giving out on the fans and pumps drive
of the cooling device of the locomotive. Besidé® heat exchangers of diesel engines
are made of expensive scarce non-ferrous metalsnigmaopper and its alloys)
[Lebedev P. D., 1972], and significant dimensiofishe elements of cooling devices
are serious obstacles when weighing and settingytecpowerful diesel locomotives
[Drobinsky V. A., Egunov P. M., 1980]. All thesecfa indicate a great importance of
measures and scientific publications devoted tartfgrovement of the cooling device
of the locomotive.

THE MAIN OBJECTIVE OF THE ARTICLE

To improve the efficiency and to reduce the dimensiand materials of heat
exchangers of the locomotive cooling device, itégessary to analyze and systematize
the methods of intensification of heat transfe &mconsider their impact on the flow
of heat transfer process and the functioning ofabeling system as a whole. Much
attention will be paid to the water-air radiatoctsen (the most expensive element of
the cooling system) where locomotivE2116 will be taken as an example. In this
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paper, a comparative analysis of the effectivenésise radiator sections of the size BC
(68 tubes, plates step 2.3 mm, the surface ar&® off, operating height 1206 mm)
[Kulikov U. A., 1988] for their work in the traddinal system and using them as a
condensing unit in evaporative cooling system.

RESEARCH ANALYSIS

There is a great deal of scientific works devotethe problem of improving the
efficiency of the radiator locomotive sectionsthis research it was determined that the
main factors affecting the intensity of heat tr@nsfre [Isachenko V. P., 1975]:

1) geometrical parameters of the radiator (and thegmee of turbulators)
[Vinogradov S. N., Tarantsev K. V., Vinogradov O, Z001];

2) the velocity of coolant circulation in the tubes;

3) the mass flow rate of cooling air in front of ttagliator sections;

4) temperature difference.

The influence of these parameters on the dimensidnthe radiator can be
represented in the following formula [Kama&v A., Apanovich N. G., Kamaev \A.,
1981]:
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where:ns — the required number of radiator sections;
Q —the heat load of the device, W,
t' — the input temperature of the radiafi;
K — the heat radiator section ratio, W
F — the surface area washed by air, for one seatin,
u — the mass velocity, kg/@s);
¢, — average specific heat capacity, kJ / (kgK);
S— a cross section for heat transfef, m

Indicesw anda are used for water and air respectively.

To go back from the mass velocity to linear one tteaugh simple relatioru =
wp [Wong H., 1979].

Fig. 1 shows the dependence of the heat trandferafpure radiator sections on
the factors listed above [Shamshin A. A., Renovl.A1971] (Note: the graph also
shows the curve corresponding to the mass rate 8tékg /(nfs), which is of the the
same actual value as on locomotiveé>216 [Bugaevsky S. B., 2006]).

As it can be seen from the graph, the effect on theasfer ratio of the radiator
coolant circulation speed in the tubes is much tothan the influence of the mass
velocity of cooling air. This is explained by trect that the heat transfer ratio of the air-
water section of the radiator can be presentetldrfdllowing formula [Kamaew. A.,
Apanovich N. G., Kamaev \A., 1981]:
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where:K — the heat transfer ratio of the radiator sectibi(m?K);
o — the heat transfer ratio, W/K);

0 — the wall thickness, m;

A — the ratio of thermal conductivity of wall magriwW/(mK);

F — the surface area washed by the coolaft, m
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Fig. 1. The dependence of the heat transfer cdpure radiator sections on the rate of coolant
circulation in the coolant tubes in sections atedént values of mass velocity of cooling air

Indicesl and2 are used for water and air respectively.

In this case, the heat transfer ratio from thésafi8 ... 175 W / (AK), while the
heat transfer ratio from the water is equal to 4656400 W / (fK) [KamaevA. A.,
Apanovich N. G., Kamaev \A., 1981]. It is quite obvious that the heat transétio of
the radiator section depends mainly on the comgahlep However, when comparing
the traditional cooling system and evaporative asystmass flow rate of cooling air is
not tied to the processes occurring in the coolant] depends only on the fans
performance [Malinov M. O., Kulikov U. A., Chertdk. B., 1962]. Hence, the further
mass velocity of the cooling air will be taken amstant and equal to 8.6 kgfsh
[Bugaevsky S. B., 2006].

THE PROBLEM SOLVING

Now taking an example of "cold" circuit (the cogimf the engine’s oil), we
consider in more detail the influence of the ciatiain rate of the coolant in the radiator
tubes of the sections on the effectiveness andigffty of the cooling device of the
locomotive. As it is seen in Figure 1, the increimsthe circulation speed of the coolant
leads to an apparent increase in the ratio of redifitor sections. However, it also
increases the value of hydraulic resistange radiator sections (fig. 2), and
consequently, the costs of power for pumping thelasd in the cooling system. In
addition, the continuity equation of fluid flow [fizhyumov S. D., 2007] shows that
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the increase in fluid circulation rate in the radiasections results in increase in fluid
circulation rate in pipes and water-oil heat exgf@nHydraulic resistancgp of water-
oil heat exchanger can be calculated by the forrfi{danaevA. A., Apanovich N. G.,
Kamaev V.A., 1981]:

(3)

b9, =2, (031 f, +14)(wip,) /2
it
where: 4p,, — hydraulic resistance of water-oil heat exchangfethe water way of
water-oil heat exchanger, Pa;
z»— the number of coolant moves (water), Wi
L, —the full length of the tubes, m;
di; — the inner diameter of the tubes, m;
S — the ratio depending on temperature and watercitg|
w,, — the speed of water in tubes, m/s;
pw — the water density, kgfn
It is seen from formula 3 that the value of hydiauésistancelp of water-oil
heat exchanger is also steadily increasing (figwith the rate of coolant circulation in
the cooling system.
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Fig. 2. The dependence of hydraulic resistancéevelocity of circulation of coolant:
1 - hydr. resistance of one section of the radj@&erhydr. resistance of water-oil heat exchanger;
3 - total hydr. resistance of "cold" circuit

Let’s consider the work of "cold" circuit of evaptive cooling system [Mohyla
V. I., Gorbunov N. I., Sklifus Y. K., Shevchenko R., 2010]. The main features of
such a system are:

a) the speed of the liquid coolant in the evapor@ater-oil heat exchanger) is
zero;

b) the movement of steam from the evaporator to ¢bedenser unit is
independent (without any work applied) because ofssure difference in the
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evaporator and condenser units associated witheptrasisitions [Isachenko V. P.,
1977].

Pointa indicates the absence of power costs in the eatmorexcept for small
costs for adding the coolant to maintain a condigoid level. However, considering
the fact that the mass flow of coolant by evaporais at about 54 times less than when
heated (at a temperature drop in heat exchangé€)1(Mohyla V. I., Sklifus Y. K.,
2010], we can conclude about low power costs pdaeadding the coolant and can
neglect them in future.

Pointb makes even greater interest. If the heat trarsfefiace of the capacitor
unit is reduced, the amount of exhaust heat wam'etough for the condensation of the
incoming steam. Having arranged a compressor befwgecondensing unit, it is
possible to achieve a constant value of mass flowteam, having applied a certain
amount of power. It will result in the steam pumpetb a closed volume with high
pressure, leading to an increase in its actual éeatpre [Vukalovich M. P., Novikov I.
I., 1968] and the condensation [Mohyla V. I., SkdifY. K., 2010]. The consequence of
the above given information is that we get theéase in the temperature drop, which
leads to the increased intensity of the heat teansff condensing unit according to the
formula [Zhukauskas A. A., 1982]:

Q=F K IAt (4)

where:Q — the quantity of the heat output, W;

F — the heat exchange surface are@, m

K — the heat transfer ratio, WAK);

At — temperature difference (the difference of averagnperatures of the coolarf(),

For water and liquid solutions of [Gerasimov Y. Gegjderih V. A., 1980] the
increase in pressure within the three atmosphenedi®the increase in the temperature
of condensation (boiling) of about 0.198 per kPa [PozirM.E., GrigorovO. N.,
1966]. Thus, having applied the same power tocti@ant circulation in the radiator
sections working in the traditional system and wheimg them as a condensing unit,
we also obtain the increase in temperature draperevaporative cooling system.

Taking into account the fact that the heat transftio o; during the condensation
is equal tan, of the traditional system, and is significantlglér tham,, and ignoring
the slight increase ik when the temperature drop is increased, we wilkena
comparative graph of the dependence of requiredtivel surface area of the heat
transferF’ on the pressure of coolant in the radiator sestwfip’ for "cold" traditional
circuit and evaporative cooling systems (fig. B1).the graph on the vertical axis the
relative heat exchange surface aFeéawhich represents the ratio of the actual surface
area of heat transfer surface afeaf a radiator sectionF§ = 29 nf) is shown. The
horizontal axis represents the pressure of codfatite radiator sections which is the
ratio of the actual pressure taking into accafinto atmospheric pressupg .

The graph in fig. 3 shows that when = 1,334 (which corresponds to the
hydraulic resistance of radiator sectiofps= 33.77 kPa at a coolant circulation rate
1,4 m/s [Bugaevsky S. B., 2006] in the traditioc@bling system), the required relative
area of the heat transfer surfa€e of the condensing unit 2.767 (13.766 %) lowentha
F’ of traditional radiator system. With further inase irp’ this difference increases.
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Fig. 3. The dependence of the required relativiasararea of the heat transfer on the pressure
of coolant in the radiator sections: 1 - traditioc@oling system; 2- evaporative cooling system

CONCLUSIONS

When using the radiator sections in the evaporativeling system of diesel
engine it is possible to raise the temperatureedifice by increasing the coolant
pressure by means of a compressor that has aveosifect on the overall size of the
refrigerator of the locomotive. Thus, evaporativaoling system is superior to the
traditional one, even under the existing costsafigr and with the further increase of
the section capacity of the locomotive this sup@siags becoming more significant.

REFERENCES

1. Bugaevsky S. B., 2006.: Locomotivel2116M cooling device of diesel. Calculation.
2624.00.00.000 PP1. Lugansktyrauckremiosos”. p. 16.

2. Drobinsky V. A., Egunov P. M., 1980.: As diesel dowotive arranged and works. Moscow:
“Tpancnopt”. p. 133.

3. Filonov S. P, Gibalov A. I, Nikitin E. A. and othet996.: Diesel locomotiveT»116.
Moscow: ‘“Tpancnopt”. p. 10.

4, Gerasimov Y. l., Gejderih V. A., 1980.: Thermodynesof solutions. Moscow: Publishing
house of the Moscow university. p. 91.

5. Isachenko V. P. and other, 1975.: Heat transfee fEixtbook for high schools. Moscow:
“Oneprus”. p. 39.

6. Isachenko V. P., 1977.: Heat transfer in condeosaloscow: Sueprus”. p. 67.



THE COOLING DEVICE OF LOCOMOTIVE WITH VAPORIZING OOLANT 175

7. 7. KamaevA. A., Apanovich N. G., Kamaev VA. and other, editor — Kamaev. A.,
1981.: Construction, calculation and planning oblmotives. The textbook for the students
of institutes. Moscow: Mamunoctpoetnue”. p. 182.

8. Kulikov U. A., 1988.: Systems of cooling of powdapts of locomotives. Moscow:
“Marmmnnoctpoenue”. p. 135.

9. Lebedev P. D., 1972.: The heat-exchanging, tomgefind refrigerating machinery. The
textbook for students of technical colleges. Mosctiweprus”. p. 81.

10. Malinov M. O., Kulikov U. A., Chertok E. B., 1962.:06ling devices of locomotives.
Moscow: ‘Mamrus”. p. 157.

11. Mohyla V. I., Gorbunov N. 1., Sklifus Y. K., Shevehko R. K., 2010.: Way of cooling of
the diesel engine of the diesel locomotive. Thelateking patent of Ukraine. The bulletin
Ne 22. p. 1.

12. Mohyla V. 1., Sklifus Y. K., 2010.: The prospect§ iacreasing the effectiveness of the
cooling device of a diesel locomotive. TEKA Commissiof Motorization and Power
Industry in Agriculture. Lublin. Volume XC, p. 198.

13. Mohyla V. 1., Sklifus Y. K., 2010.: Improvement dhe cooling device of a diesel
locomotive by change of characteristics of the inga¢lement. Visnik of the East Ukrainian
National University named after Volodymyr Dahl damsk. Volume 5 part 1, p. 177.

14. PozinM.E., GrigorovO. N. and other, editor - Nikol'skiy B. P., 1966.:ddhist’s reference
book. Moscow: Xumus”. Volume 1, p. 740-747.

15. Shamshin A. A., Renov A. |., 1971.: Design procedof cooling system of a locomotive’s
power-plant. Lugansk:JTyranckreriosos”. p. 43.

16. Tchizhyumov S. D., 2007.: Hydrodynamics bases. $hely manual. Komsomolsk-on-
amoure: KHAI'TY». P. 84.

17. Vukalovich M. P., Novikov I. I., 1968.: Technicdidrmodynamics. Moscow3teprus”.

p. 261.

18. Vinogradov S. N., Tarantsev K. V., Vinogradov O. B)01.: Choice and calculation of heat
exchangers. Penza: Publishing of state univer§iBeoza. p. 107.

19. Wong H., 1979.: Basic formulas and data on heat angd for engineers. Moscow:
“Aromuzmatr”. p. 21.

20. Zhukauskas A. A., 1982.: Convective carrying owehéat exchangers. Moscoviddyka”.

p. 9.

OXJIAXKJIAIOIIEE YCTPOMCTBO TEILIOBO3A
C UCITAPUTEJIBHBIM KOHTYPOM TEIIVIOHOCHUTEJISL

Banentnn Moruia, Hukoaaii lopOynos, fpociaas Ckiaudye

AuHoOTanus. B cTaThe mpencTaBiIeH aHAIN3 METOMOB MHTCHCH(HKALMHK IIPOLIECCOB TEIUI00OMEHa, IPOBEACH
CpPaBHUTEIBHBIN aHaMN3 3()(PEKTHBHOCTH PaJUaTOPHBIX CEKIMii MpH paboTe MX B TPAJUIMOHHOH CHCTEME H
IIPH HCHOJIb30BAHUH HX B KA4ECTBE KOHJEHCATOPHOTO OJIOKA B MCTIAPUTEIILHOM CHCTEME OXJIaXKICHHUS.

KuaroueBble cioBa: au3esb, panuaTopHas CEKUMA, KOHHCHC&TOPHBIﬁ 6J'IOK, TEIIOHOCHUTEIIb, KOB(l)(i)HLII/IeHT
Tenjonepenaiu, 1aBJICHUE.



