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Summary. A set of theoretical and experimental researchvaperative air conditioner unit has
provided a design that can be used on railwaynglfitock and that meets the requirements of
regulations of the microclimate parameters of t@iotive cab.

Keywords: evaporative conditioner, diesel locomotive, bnf, the metal nozzle.

INTRODUCTION

When providing comfortable sanitary and hygienicddar microclimate
parameters [Pankova, 2000] it allows people todase the productivity of work and
reduce the probability of professional disease® fMdsults of statistical studies show
that the diseases of the locomotive crews’ worldgpend to a large extent on the
unfavourable climatic conditions in the cab of tbeomotive, and are reflected in the
cardiovascular, musculoskeletal, and nervous systekoreover, the absence of
favorable climatic conditions in the work of thectomotive driver and the driver's
assistant accumulates fatigue, lethargy, and simpit@nomena that affect the security
of movement in the similar way.

RESEARCH ANALYSIS

To maintain the necessary sanitary and hygieniarpaters of microclimate on
the modern locomotives [Sorokin, 1996; Sokolov, &9he air-conditioning system,
which typically consists of a steam compressional cnditioner with hermetic
compressor or compressor of packing design anditinigeventilation unit is used. This
scheme has many flaws which at pesent do not atlowsolve the problem of
conditioning on the railway rolling stock complstel
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- taking into account the fact that locomotives a# conditioners that can not
work as a heat pump, the additional use of theitngaentilation unit, which makes the
design of the system more complicated and incragsealue becomes obvious;

- steam compressional conditioners are structurediynplex, expensive and
dangerous for environment; during the operation doevibration and sudden
accelerations, the depressurization of the codysem is possible;

- the use of one-piece scheme of the conditiondr amsidering its complex
structure it makes the layout of the locomotive #redfurther rational distribution of air
masses in the driver's cab more complicated;

- steam compressional conditioners use much enssggumption, resulting in
additional operational costs.

Elimination of flaws relevant to the currently usa&id conditioning system in the
locomotive cab is possibly by using of the evapweatooling water systems. The
settings of such type are clean, reliable, andcsirally simple. The main advantages
that characterize the evaporative coolers aredl@ifs: environmental cleanliness, the
use of renewable sources of energy, little enemysemption (comparing to steam
compressional air conditioners is 10 ... 15 tinmselr), absence of non-ferrous metals,
simple design and operation [Doroshenko, 1983; Msgnko, 1987Ne 85.4.14.010,
1986].

The given design uses the following means of aiing:

- evaporation of water from the surface of the psronozzle, which is moistened
by vertical capillary rise of fluid from the reseiv,

- evaporation of water from the surface of liquitinf formed by the forced
irrigation of a metal nozzle from the top to thdtbm with the subsequent collection of
fluid in the reservoir;

- separation of air flow, moving on "wet"and "dmgfiannels of the nozzles; in the
"wet" channels the water film and nozzles are abothe air saturated with moisture
from the "wet" channel entering the atmosphergh@"dry" channel the air is cooled
and then goes to the cab of the vehicle.

The presented schemes of the air coolers havellbaving disadvantages:

- the use of porous nozzles results in a reductibtheir height taking into
account the limits of capillary rise of liquid; theduction of heat transfer due to the low
coefficient of thermal conductivity of the nozzleatarial, to their pollution resulting in
the deterioration of capillary fluid rise and tleeluced cooling capability of the device;

- the use of metal nozzles assumes the strict fibmv in the "wet" channels,
which is structurally difficult to implement prowad there are some "dry" channels on
the back of the nozzle;

- the use of both types of nozzles, which ensueeaih cooling and assumes the
realization of the small values of the average fimeft of heat transfer=@0-60
B1/M?K) from the wall to the air flow;

- both schemes are one-piece and very complexhwisioses the problems with
their installation on the locomotive and furtherdistribution in the driver's cab.
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THE AIM AND THE TASK OF THE RESEARCH

The elimination of defects and the adaptation efdliaporative cooler to be used
on the railway rolling stock is possible when thdwing positions are realized:

- during the evaporation it is preferable to use ¢boled water which will cool
the air directly through recuperative heat exchamgehich realize the great values of
the heat transfer coefficient;

- to divide the conditioner into two parts: evagiea (with nozzles, fan, water
pump) and cooling (with a recuperative heat exchaagd fan);

- to use metal nozzles, which during the rotati@me into the lower part,
irrigated by the water and further, having pas$eddompressor’s device go out to the
top, where they are blown by the air flow;

- to connect the cooling unit of the conditionerthwihe cooling system of
internal combustion engine of the locomotive angl iigs a heating unit for locomotive
cab in the cold season.

RESULTSAND THEIR ANALYSIS

Mathematical modeling of the presented processessdtecting the rational
parameters of structural and regime parameterisés gn the work [Lutsenko, 2011].

When considering the cooling surface of the diregaporative cooler, the
thermal balance equation [Neduzhyj, 1981; Ysacheh881] can be presented as:

0, =0y =0y~ 1)
whereq,, d, - the heat flow density in the air and to the wdien on the nozzle
respectively;q,, q, - the heat flow density defined by the heat tranffem the air to

the water film and formed by evaporation of theewdiim.

Solving (1) is possible by using the analogy betwiegdrodynamic, thermal and
diffusive boundary layer of the air when producthg distance from the liquid film and
determining the coefficient of heat transfer, flstl@am mass density and others.

The distribution of the relative velocity along thgdrodynamic boundary layer
[Shlikhting, 1974] on the flat plate was definedw&),, =f'(7,), whereu - the current
speed in the boundary layer at the distance frenstinfacelJ ; - the air flow rate outside
the boundary layer and approximated by the follgypolynomial:

f'(n,) =-3,57107%n2 +0,377n, ; )

where: 77, =5y/d - dimensionless boundary layer coordinaté;=50/vx/U,, -
boundary layer thickness;— distance from the starting edge of the platehtogiven
point; v - kinematic air viscosity.
With the flow mode in the channel between the remzlwe finally get the
equation for the flow outside the boundary layer:
U, :L; Umax :L' (3)
pb(H -0,79) 0,650bH
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Considering the thermal boundary layer, the tentpegadistribution will be
defined asi= £t
) -t

o 0 W

=f'(n,), where the distribution function on the basis of

previously obtained distribution of the relativeesp (2)
With the temperature gradient at the nozzle surfdélce coefficient of heat

transfer is defined as:
q= i y 1894 4
g, \ dy y=0 k ' )

Based on the analogy of speed and concentratidilgerof the water steam at
the border layer, the density of mass flow of stéathe boundary layer is defined as

D(p, -Pp.)

—a )
OR T

wherep, - saturated steam pressure near the surfaceseofvdker film; p, - steam

pressure outside the boundaries of the boundargr lay the channel between the
nozzles.

The given analysis of the processes occuring irct@nel between the nozzles
between the air flow and the basic platform ofribezle allow to solve the equation (1)
and determine the change of the air flow parameters

Based on the equations of the density of heat fjmmg through the nozzle,
taking into account the heat taken away from it &mel liquid film at a time, the
temperature difference of on the surface of ligilch contacting with air when
changing the thermal state of the “nozzle - liquidir” is defined as:

at =BT (@ -¢)(x.9, +x (4, +29, )/2), ©)
Xt X

where: ¢ =(t,-t,)/(d,+24,),  ¢=(t,-,)/(,+24,). X =c.0.4,/2,
Xo =CuPu 0,/2 - equation coefficients.
With the heat taken away from the air at a time ca@ specify the current
temperature change in the thermal boundary layer
_ 2q,Ar -0,74kAt,c p,
" (H-074k)c,p, @
Let’s define the specific steam mass located beivike wall of the nozzle and
the middle of the channel between the nozzles:

_ 0,622 5TPH-(pH-Pw)(A1’712+B“) 1+$—°°(%—5j]. ®)

j» =189

At

n 7
"R 5T+ (T -T) (A +Ba) T

~=p,=(p,-p.)(An’ +B)
When g|VIng£TW +(T°° —TW)(A2/712 +le71)

dn, =p,F. - (p, - p.)F, we get:
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1 (a-5)s|
1: I ’ 9
A -T,)(a-s) |(s-5)a| ©

~ 1
BT AE ,Be): o)
1 _ 2 Ja-5] ., |s-5

)(l—q_s{S(q s)+q In| 7| s In| s || (11)
)(2 = 1 |:q|n|q _5|—S|n|s_5|:|. (12)

a-s| | al| |s|

where:s, g- the root of quadratic equatidi), + (T, —TW)(A2/712 + 82/71) =0.

Using similar methods of mathematical and physpieiure of the coolant one
can get some dependences, describing the procetsesait exchange in the rrigated
part of the evaporation unit, such as:

- the speed of the fluid in the core of the flowtlie channelbetwen the nozzles

-1
U,=G,[ob(H-3)]; (13)
- displacement thickness of the turbulent boundiaygr:

5
5, = 4,600 x(Lj : (14)
U_x
- local heat transfer coefficient:
a' = i(ﬁ] = i (15)
7900 ay y=0 kl

The definition of speed and air and water pressurirvilinear flow is defined
by the following equations:

u=exp(C,-InR), (16)
where:C, = In(umRm) - integration constanty, =G, (,oHRm)fl - the average speed
in the channel between the nozzI&; - radius of the middle of the current lines.

p=C,-0,5pexp[2(C,~InR)], (17)
where:C, = p,,, + O,Spexp[Z(C1 -InR, )} - integration constanti,m — atmospheric

pressure at the entrance of air flow in the cumeiir plot.

Since the calculation of the process of heat andsnexchange at evaporative
cooling was performed numerically [Karimberdieva $983, Patankar S.V., 1984,
Peyre R., Teylor T.D., 1986], the nozzle and theeation and heat carriers were
covered by polar nets, and when constructing tHemiinimum radius of the air flow
lines was determined from the dependence:

R, =R, /[2cos(a/2)] (18)
where: R, - nozzle radiusyr - angle of the coverage of the irrigated nozziésse.
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The maximum radius of the current water lines wefineéd as:

R" =Rtga/2. (19)
Polar coordinates of the net knot are defined as:
- in the air
R®% =R®_ . +IiAR;
. 120
qf‘j = qf‘jmax - JAQ
- in the water
R" =R" .. —IAR;
. (22)
¢NJ = wvjmax - JAW

where: AR, Ag - the step of the change of radius and angle eh#t model;¢

jmax -

maximum angle of the net opening to air at theetrR, ; ¢" - maximum angle of

jmax
the net opening for water at the curré)t i, j — net knot indices.

Based on the developed model and calculation pnegraumerous experiments
with the influence of cooling efficiency of mode dardesign parameters of the
evaporation unit have been carried out and thelteeate presented as approximating
dependencies:

Q,, =688,48+69,83z, +7,67z, 3,572 - 10,872, +8,982,2, , (22)

Q. =1722,8-185,6x, +885,5x%, +330,1x, +43,2x,> +10,9x,°> —
Xp 1 2 3 1 2

-2511x,%-40,8%,X, —10,1X,X, + 76,4X,X,
where:z — the air speed when entering the channkl, z, — the speed of the nozzle
rotation, xs%; x; — the nozzle radiusim; x, — nozzle thicknessym; x; — the distance
between the nozzles.

The analysis and the calculations based on thelajm@ mathematical model
allowed to identify the main design parameters #fégct the energy, mass and size
characteristics and identify their rational measutke rotating nozzle diameter, which
determines the surface area of heat and mass eelir200...400mMm; the nozzle
thickness, which characterizes the possibilityafiemulation and transfer of heat (cold)
0,=1,5...2,5mmM; the distance between nozzles, which determinesfldw of heat
carriers H=7...8um.

The experimental studies on stand models [Idelthik975, Bagan I.P., 1989,
Gerschenko O.A., 1984] of the air conditioner bé tevaporative cooling and its
elements resulted in obtaining its power, aero-dnydirodynamic characteristics
depending on the mode characteristics of the h&at fand heat carriers and
environmental parameters [MohylalV LutsenkaO.A., 2011].

(23)
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CONCLUSIONS

The results of the research present the following:

- the increase of the air flow speed in the chafrstlveen the nozzles to the
values of 8 m / s allows to increase the coolingac#ty ranging from 1900 to 4000 W
without any deterioration in the work of the devitee great values of the air speed
corresponding to the great values of the nozzlatimt and consequently on the
contrary;

- when the rotation frequency of the nozzle is 466 80 rpm and consequently
the air speed in the channel between the nozzI@8 end 16 m/s and more, one may
notice the drop removing of the liquid phase, wite smaller values of the nozzle
rotation and in the range of the air speed, thestap removing hasn’t been observed;

- the realization of the maximum cooling capacitytee unit, which amounted to
4200 W when the removing of the liquid phase isesabprovides the rotation speed of
1980 rpm and the air flow speed of 12 m/s, whidbved to define these modes as
rational;

- aerodynamic resistance of the air path for tlesameters is 340 Pa;

- the cost of mechanical power to the nozzle dvideen changing the rotation
speed from 40 to 100 rpm amounted to the valubemrange from 25 to 100 W.

Considering the experimental studies and the obthnesults [Reho, 1987] we
may state thefollows:

- there are rational parameters of the air flowesb&é the channel between
nozzles and the nozzle rotation speed correspomdi2tm /s and 80 rpm, which
provides the maximum cooling capacity of the evapiee unit of the conditioner; these
modes do not allow any drop removing of the waterirenment, which provides the
best possible technical and economic parametdtsafevice of this type;

-the optimum water flow rate was defined1@®® m%s) in the irrigated part of
the evaporative unit of the conditioner, which pdes the maximum cooling capacity
and consequently the heat balance between theyepeygesses of evaporative cooling
in the air part of the nozzle and the processdseat and mass trasfer in the irrigated
part of the nozzle;

- the change of the water temperature entering etv@porator unit of the
conditioner makes the proportional impact on itelic capacity, which contributes to
the flexible regulatory characteristics when chagghe parameters of microclimate in
the locomotive cab;

The use of the results obtained allows to realiEe dooling efficiency of the
conditioner to the values of 2580 W, which providles temperature of +26 °C in the
locomotive driver's cab 2TE116 at the environmertehperature +45C and the
relative humidity 90%.
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PE3VJBTATHI KOMILIEKCHBIX UCCJIEJJOBAHUI HCITAPUTEJILHOI'O

KOHANIMOHEPA JJIS1 KABUHbBI MAIIMHUCTA TEIIJIOBO3A

Aunexcanap Jlynenxo, Basenrun Moruiaa

Hposez{eﬂuﬁ KOMIIJIEKC TCOPETUYHUX U CKCIIEPUMCHTAJIbHUX HCCIICA0BaHUH UCHApPTEIBbHOI0 KOHAUIIMOHEPA
obecreunt TIOJTy4Y€HAC KOHCTPYKIINH yCTpOI)‘ICTBa, KOTOpasd MOXCET HUCIIOJIb30BAaThCA Ha IMOJABHXHOM COCTAaBEC
JKCJIC3HBIX JI0pOI' M OTBEYACT Tpe60BaHI/IXM HOPMATHUBHBIX JOKYMCHTOB OTHOCHUTEJIBHO IapaMETPOB
MHUKpOKJIMMaTa KaOHMHBI MAIIMHACTA JIOKOMOTHBA.

KuoueBbie ciioBa: HCHapHTCHBHLII;'I KOHALMOHED, TCIJIOBO3, IOTOK BO3AYyXa, METAJUIMICCKAas HacaJaKa.



