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Abstract. The mathematical model and calculations method of temperature level of hermetic compressor unit (HCU)
for marine self-contained air conditioners with calculation of condition work and of construction machine give an
accounted.

Existing methods for calculating the temperatures of HCU elements (refrigerant, lubricating oil, parts and assemblies)
using mathematical models do not allow the creation and improvement of modern HCU shipboard ACE, since they do
not take into account their specific features. Literature sources show the results obtained mainly for small commercial
HCUs or large air compressors. All this complicates the calculation of the temperature level of high-speed ship HCUs
and requires additional research. A mathematical model and a method for calculating the temperature level of a ship
high-speed HCU of the HGV type have been developed the author, which make it possible to assess their thermal state,
determine the temperatures of the compressor elements, refrigerant and lubricating oil, depending on the operating
conditions and design parameters of the machine.

The mathematical model and method for calculating the temperature level of the HCU is based on the certain basic
provisions and assumptions. The procedure has been adopted for calculating the HCU temperature level. To check
the adequacy of the mathematical model, the results of calculating the temperature level were compared HCU with
empirical data. Calculated and experimental values of the temperatures of the main elements HCU, refrigerant and oil
differ on average by 2...3 °C, maximum — 6...7 °C (deviation does not exceed 5...6 %).

Comparison of the results of calculation and experiment allows us to conclude that the developed mathematical model
is adequate to the processes under study and can be recommended for implementation in the design practice of high-
speed HCUs.

Using the developed method, the following studies were carried out: the rational thickness of the insulation of the
discharge tract was determined HCU, various options of the cooling system were considered, the influence of the color
of the outer surface of the casing was evaluated HCU to the temperature level of the machine. As a result, it has been
found that cooling the HCU casing with water from the air conditioner evaporator, which is fed into a sump covering
only the lower part of the casing, reduces the temperature level by 10...25 °C. 3. It has been shown that painting the
HCU casing with black matte varnish reduces its temperature level by 6...7 °C (compared to current yellow color), and
the rational thickness of the insulation of the discharge path is 2...2,5 mm.

Key words: hermetically compressor unit, temperature level, thickness of the insulation of the discharge tract,
mathematical model, shipboard air conditioning equipment.

Amnorauis. [IpencraBieHo MareMaTnaHy MOJIEIb I METOJ PO3PaxyHKy TEMIEPaTyPHOTO PiBHS TePMETHIHOTO KOMIIpE-
copuoro arperary (I'KA) juis cyTHOBHX aBTOHOMHUX KOH/WIIIOHEPIB 3 YPaxyBaHHSIM YMOB POOOTH Ta KOHCTPYKTHB-
HUX MTapaMeTpiB MaIInHH.

HasiBHI MeToan po3paxyHKy Temmeparyp enemeHTiB ' KA (xonmomoareHTty, MacTuia, AeTajei 1 By3iiB) 3 BUKOPHCTaH-
HSIM MaTeMaTHYHUX MOJIeTel He Tal0Th MOXIIMBICTh CTBOPIOBATH I ymockoHamroBat cydacHi [ KA cymroBoro OKB,
TOMY IIIO HE BPAaXOBYIOTH iXHi CTIeI(iuHI 0COOTMBOCTI. Y HayKOBUX JDKepellax HaBeIEeHO Pe3yIbTaTH, OTPIMaHi repe-
BakHO Jutst Manux ['KA ToproBoro npusHaueHHs! 200 BEIMKHX MOBITPSHUX KOMIIPECOPIB. Yce e YCKIaaHIOE po3pa-
XyHOK TEMITEpaTypHOTO PiBHS BUCOKO0OOpOTHHX cynHOBUX ['KA Ta moTpelye mpoBeaeHHs I0IaTKOBHUX JIOCIIKEHb.
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ABTOpOM pO3pO0IIEHI MaTEMAaTHYHA MOJICITb 1 METOJ] PO3PAXyHKY TEMIICPATyPHOI'O PiBHS CYJHOBOI'O BUCOKOOOOPOTHO-
ro 'KA tuny XI'B, 1m0 1atoTh 3MOry OLIHUTH TXHIH TEIJIOBHI CTaH, BU3HAYUTH TEMIIEPATypH €JIEMEHTIB KOMITpecopa,
XOJIOJIOAreHTy Ta MAaCTHJIa 3aJIEKHO BiJI YMOB POOOTH i KOHCTPYKTHBHHUX I1apaMeTpiB MalllMHH.

MaremaruuHa MOJIEIb Ta METO/] PO3paxyHKy TemreparypHoro piBHs ' KA 6a3yroTbcs Ha IESIKMX OCHOBHHUX ITOJIOKEH-
HSX 1 IPUITYIIEHHSX. Y TBEP/UKEHO TOPSIOK po3paxyHKy TemieparypHoro piBusi ['KA. [lis nepeBipku ajgekBaTHOCTI
MaTeMaTUYHOI MOJIEJIi 3ICTaBJIEHO Pe3yJIbTaTh po3paxyHKy TemreparypHoro piBas ['KA 3 nocninaumu nanumu. Pos-
paxyHKOBI i eKCIIepUMEHTaIIbHI 3HAYEHHS TeMIeparyp ocHOBHUX ejeMeHTiB ['KA, XxononoarenTy ta MacTuia Biapiz-
HSIOTBCS B cepenabomy Ha 2...3 °C, MmakcuMabHi — Ha 6...7 °C (BiIXWJICHHS HE MepeBHIye 5...6 %).

3icTaBieHHs pe3yJIbTaTiB PO3PaxyHKy Ta eKCIEPHUMEHTY JIa€ 3MOT'Y 3pOOHUTH BUCHOBOK, 1110 PO3pOOJIeHAa MaTeMaTHYHa
MOJIeJIb aJIeKBaTHA JOCIIDKYBaHUM MpoLiecaM i Moke OyTH PEKOMEHJ0BaHa JI0 BIIPOBAKEHHS Y NMPAKTHKY IIPOEKTY-
BaHHA BucokooOopotHux ['KA.

3a JONOMOTroK PO3pOOJICHOT0 METOIy BMKOHAHO TaKi JOCIIKEHHS: BU3HAYEHO DalliOHaJbHY TOBIIMHY 130JIsLil
HarHitabHOro Tpakty I'KA, po3misiHyTO pi3Hi BapiaHTH CHCTEMH OXOJIOJKEHHS, OL[IHEHO BIUIUB KOJIbOPY 30BHIIIHBOT
noBepxHi koxyxa ['KA Ha temneparypHuii piBeHb MalmlMHU. Y PE3ylbTaTi BCTAHOBJICHO, 110 OXOJIO/PKEHHS KOXKyXa
I'KA BOmor0 3 BUIIapHUKA KOHAMIIIOHEPA, sIKa MOJIAE€ThCS B TMIJIOH, IO OXOIUTIOE TUIBKM HW)KHIO YaCTHHY KOXYXa,
Jla€ MOYIMBICTh 3HU3UTH TeMIepaTypHuil piseHs Ha 10...25 °C. Busznaueno, 1mo ¢apOysanus koxyxa ['KA dopHum
MAaTOBHM JIAKOM JIa€ 3MOT'Y 3HU3UTH KO0 TeMIIepaTypHHid piBeHb Ha 6...7 °C (OpiBHSIHO 3 HUHIMIHIM (apOyBaHHIM y
YKOBTHH KOJIIp), @ palioHaJIbHa TOBIIMHA 1307151111 HATHITAJILHOTO TPAKTY CTAHOBHTH 2...2,5 MM.

KorouoBi ciioBa: repMeTHuHMI KOMIIPECOPHUI arperar, TeMIieparypHUil piBeHb, TOBIIUHA 130JIALi1 HATHITaJIbHOTO

TPaKTY, CyJJHOBE 00JIaJHAHHS KOH/IULIIIOBaHHS.

FORMULATION OF THE PROBLEM

Reliability of high-speed hermetic compressor unit
(HCU) shipboard air conditioning equipment (ACE), as well
as their volumetric and energy indicators to a large extent
depend on the temperature level, which is usually determined
empirically in the process of creating and improving HCU.
There are practically no reliable methods for calculating
thetemperatures of HCU elements, refrigerantand lubricating
oil, and practical recommendations apply only to machines
similar to those tested. Due to the peculiarities of the design
forms and operating conditions of ship HCU, the principles
of their design differ significantly from those adopted
for open (stuffing box) machines and require their own
development [8].

ANALYSIS OF RECENT RESEARCH
AND PUBLICATIONS

Recently, there have been no significant publications
on the development and use of mathematical models
and cybernetic methods for research, design, adjustment
and measurement of processes in the creation
and improvement of HCU. Such publications date back
to 70-80 years of the last century. This can be explained
by the fact that foreign HCU manufacturers, developing
and using mathematical models for research, optimization
and calculation of compressors, have stopped publishing
on this topic or publish descriptive (advertising) articles
without setting out the main content of the methodological
material concerning the essence of the mathematical
models they use [1; 6; 7].

In domestic textbooks, manuals and journals,
including those published in recent years, descriptions
of a number of modern HCUs and some of their
characteristics are given, but, unfortunately, there are no
design recommendations [4; 5; 7; 8].

Existing methods for calculating the temperatures
of HCU elements (refrigerant, lubricating oil, parts
and assemblies) using mathematical models do not
allow the creation and improvement of modern HCU
shipboard ACE, since they do not take into account
their specific features. Literature sources show
the results obtained mainly for small commercial
HCUs or large air compressors. All this complicates
the calculation of the temperature level of high-
speed ship HCUs and requires additional research
[1; 6; 8].

Purpose of the study 1is a presentation
of the mathematical model and method for calculating
the temperature level of a high-speed HCU marine ACE
depending on design and operating parameters.

Main material. The mathematical model and method
for calculating the temperature level of the HCU is based
on the following basic provisions and assumptions:

1. Stationary problem: (0 ¢/01t)=0, (0t/01)=0.

2. The thermodynamic system is homogeneous, i. e.
gas pressure at all points of the cavities of the compressor
unit on the suction side (p,,) u discharge (p,,) at every
moment of time constantly.

3. Suction pressure and temperature (g, foe)
and pressure discharge (pg,) constant, i. e. p,, = const,
tc = const, pg = const.

4. Simulated processes arereversible and equilibrium.

5. The continuity of the environment is observed,
i. e. [/ L <<1 (here / — molecule mean free path, L —
characteristic system size).

6. The change in the potential and kinetic energy
of the gas is negligible.

7. The simultancous change in the parameters
of the refrigerant is observed throughout the volume.
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Boundary conditions of the third kind were
considered, i. e. with known performance G,, G,, input
(Psues L) and output (pg;;) the parameters of the refrigerant,
the values of the contact surfaces of the HCU
elements, refrigerant and oil, the laws of conservation
of energy and heat transfer, the numerical values
of the temperatures of the HCU elements, refrigerant
and oil were determined by the joint solution of the heat
balance and heat transfer equations.

Settlement and constructive diagram of a sealed
compressor unit and a diagram of energy flows in it are
shown in figure 1.

The equation for calculating temperatures is

dT, i i
G = %Qki +Z]:Qli ’

whare C; — heat capacity of element material HCU;
T,—element temperature; T— time; O, — the amount of heat
transferred to an element & thermal conductivity or heat
transfer; O, — the amount of heat given up (received) by
the refrigerant /, passing through the element HCU.

This equation describes heat fluxes during non-
stationary operating modes of the HCU, which
occur, in particular, during its cyclical operation in
automated installations. When designing an HCU,
first of all, it is necessary to determine the maximum
values of the temperatures of the HCU elements, oil
and refrigerant in the steady state, on which the HCU’s
performance significantly depends.

In the case of calculating the steady-state thermal
mode of the SCU

(1
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dt/de =0, C(dt/dr) =0
and equation (1) is simplified

%Qkﬁ;Qﬁ =0.

In accordance with the diagram of energy flows
in the HCU (see fig. 1, b) for the main elements
of the HCU: the casing, the electric motor, the block
crankcase, the cylinder, the shaft, the discharge cavity,
the receiver, the discharge tube, the lubricating
oil and for the states of the refrigerant: the casing,
the electric motor, the cylinder, the discharge cavity,
the receiver and the discharge tube, — the balance
equations of the incoming and outgoing energy flows
have been drawn up. The number of basic elements
and balance equations is determined, on the one hand,
by the need to take into account all the main heat fluxes,
and, on the other hand, by the possibility of determining
with sufficient accuracy the corresponding geometric
parameters and heat transfer coefficients.

The balance equations describing the thermal processes
in the HCU in the steady state have the form for:

Block crankcase

Qem, be* + Qc, bec ch,Z + ch,3 = O’ (2)
Electric motor
Qem.' - Qem, be Qem,s - Qem,4 = Oa (3)
Shaft
Qem, s* + Qc,s - Qs,o = 07 (4)
Discharge tube
Qg, at th,z =0; (5)

Fig. 1. Design and design diagram of HCU (a) and diagram of energy flows in it (b):
1 — electric motor; 2 — block crankcase; 3 — shaft; 4 — discharge tube; 5 — casing; 6 — receiver; 7 — discharge

cavity; 8 — cylinder; 9 — oil;
Ne]Am.a an N

i

— respectively, the power consumed by the electric motor, friction and indicator; O, — heat release

to the environment; EM — electric motor; BC — block crankcase; S — compressor unit shaft; O — crankcase oil;
CH — compressor unit housing; C — cylinder; DC, DT — discharge cavity and the tube; R — receiver;
1...8 — condition DRP in the corresponding elements compressor unit
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Casing
QZ,C' + Q3,c + Qo,c - Qe = O’ (6)
Receiver
Q7, ro Qr, 3= 0’ (7)
Cylinder
QS,C' 7Qc,57Qc,bc:0; (8)
Discharge cavity
Os, 40— Qies = Oue.0= 05 ©
Oil
Qs,.o'+Qdc,o+NfriQ0,37Q0,c:0; (10)
refrigerant at the top casing
Goii+ Opent Qo= 0o — G2, = 0; (11)
at the bottom of the casing
GSil + Glinp + ch,S' + Q0,3+ Qdc‘S' +
Qr‘S_QS,c_(Gl + Gy)i; = 0; (12)
In the electric motor
(Got Gigt Oy — (Go + Gy =0;  (13)
In the cylinder
(G, + Gl)i4+]vi_Q5,c_Glipc_GOiSZO; (14)
In the discharge cavity
Gols — Qs, &~ Golg = 0; (15)
In the receiver
Gois — 05, — Goi; = 0; (16)
In the discharge tube
Gy — Qs, a— Goiy =0, (17)

where O — heat flux (letters and numbers in the indices
correspond to the designations adopted in fig. 1, b);
i,...iy — enthalpy of the refrigerant in the respective
elements HCU;
iy, 1, — enthalpy of the coolant in the piston-cylinder
clearance and in front of the electric motor.

The amount of heat released in the electric motor was

found by the formula

Qe = (1 =Me)N,, (18)
where 1., — electric motor efficiency; N, — the power
consumed by the electric motor. Heat flow between two
HCU elements (k and n)

A
an :TIkan (tk _’n),

(19)

where A — coefficient of thermal conductivity; §,, —

distance between geometric centers of elements k and »;

F,, — heat exchange surface between elements k&

and #; ¢, and ¢, — average element temperatures k and n.
Heat flow from the refrigerant to the element, for

example 7, compressor unit

an = alnFln (tl - tn)» (20)
where o, — heat transfer coefficient from gas to
element HCU; F,, — heat exchange surface between
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refrigerant and HCU element; ¢, — average temperature
of the refrigerant.

The amount of heat given up (received) by
the refrigerant passing through the HCU element,

0= G, (i,— 1), (21)

where G, — mass, refrigerant flow; i, i, — enthalpy
of the refrigerant at the outlet and inlet of the element.

The values of temperatures  (enthalpies)
of the refrigerant, oil, HCU elements, mass flow rates
of the refrigerant, power, losses to the environment
included in equations (2)...(21) were determined
empirically [2].

The heat transfer coefficients from the coolant to
the HCU elements, from them to the coolant and oil in
the crankcase were found by the formula

o = Ql,n .
b E,n (tl _t”)
Heat flows Q,,, included in expression (22), were
calculated from the heat balance equations (2)...(21).
Figure 2 shows an enlarged block diagram
of the iterative calculation of the temperatures of HCU
elements, refrigerant and oil based on the algorithm for
solving the system of balance equations (2)...(22).
Initial data for the calculation:
design parameters: P, fue Paiss Fember Femss Femearps

(22)

Fo-bcs Fbc-drp) Fc-ss Fs-os Fc-drpa Fo-u Fdrp-c! Fem-bc’ ch-os Fo-drpa
ch-dxpﬂ Fr—drps th-d[p) Cpla cpz;

experimental data: 1, N, Gy, G|, O, Ny, N, 0.

As aresult of the calculation, it is determined: G,, G,
Lams Toos o Loy Ty Loy L oy Ly Ly L s

The following procedure has been adopted for
calculating the HCU temperature level (see fig. 2).

In block 1, design parameters, experimental data,
initial conditions, operating mode, counting step
and other numerical material are entered. The calculation
of the individual constants required in the calculation
process is performed in block 2. In block 3, there is
an increase and calculation of the amount of refrigerant
flow rates. The determination of the coefficients included
in the equations of thermal processes is carried out in
block 4. Block 5 calculates the temperatures of the HCU
elements, refrigerant and oil.

The HCU thermal balance check is carried out in
block 6

AQ =0.+G, Cpoly — G, Cpily -N,,
where G, — refrigerant mass flow; c,, ¢, — suction
and discharge refrigerant heat capacity; ¢, f —
temperatures before the suction and after the discharge
pipes; N, — power consumed by HCU; O, — heat given to
the environment; A, — unbalance value.

In block 7, the condition is checked A, <A, ... Here
Apper = (A) — value of permissible unbalance. When this
condition is met, the calculation is considered complete
and the results are printed. Otherwise, the new value
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of G, is accepted and the calculation is repeated. To check
the adequacy of the mathematical model, the results
of calculating the HCU temperature level were compared
with experimental data.

The adequacy of the model was checked in
various operating modes of the HCU, with a change
in the diametral clearance 2A between the piston
and the cylinder and environmental conditions. In
fig. 3 shows the temperature values in the compressor unit
FGV-2,2.Itcanbe seen from the figures that the calculated
and experimental values of the temperatures of the main
HCU elements, refrigerant and oil differ on average
by 2...3 °C, maximum — 6...7 °C (deviation does not
exceed 5...6 %).

Comparison of the results of calculation
and experiment allows us to conclude that the developed
mathematical model is adequate to the processes under
study and can be recommended for implementation in
the design practice of high-speed HCUs.

Using the developed method, the following studies
were carried out: the rational thickness of the insulation
of the HCU discharge path was determined, various
options for the cooling system were considered, the effect
of the color of the outer surface of the HCU casing on
the temperature level of the machine was evaluated.

Isolation of the discharge path reduces
the HCU temperature level by reducing heat fluxes from
the discharge cavity, tube and receiver. However, as
a result of experimental studies, the rational insulation
thickness has not been determined. The availability
of a method for calculating the temperature level made it
possible to solve this problem.

In fig. 4 shows the calculated dependences
of the temperatures of the windings of the electric motor

MALLUNHOBYAYBAHHA
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v
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Print out

Fig. 2. Enlarged flowchart for calculating the temperature level

t.m 01l £, and discharge #,, HCU FGV-2,2 from insulation  of a sealed compressor unit
tico t°C t,/t, 2\ micron
110 \J\' -10/40,13
120 : /1,22 micron T
5% _10/40,13 90 0/40,60
100 0/40,60 5/40,13
<0 5/40,13 70 5/40,13
5/40,13 ——1
/ w,=1.5 m/s //j—, w,=1,5 m/s
60
50 o —
[ 3
40 f = J
20 30
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
a b

Fig. 3. Temperature change:

a) refrigerant in HCU: 1 — in front of the suction port; 2 — in the casing, 3 — after the electric motor, 4 — at the exit from the
cylinder; 5 — in the discharger cavity, 6 — in the receiver; 7 — after the discharge pipe;
b) SCU elements and oil: 8 — casing; 9 — block crankcase; 10 — oil; 11 — electric motor; 12 — cylinder; 13 — discharge cavity,

14 — receiver, 15 — discharge tube;

2A — diametric clearance piston-cylinder, micron; w, — air velocity at the SCU casing, m/s; solid line — calculation; points —

experiment
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thickness J, discharge path at boiling temperatures
t, =—10 °C and condensation ¢, = 40 °C. From the figure
it follows that with an insulation thickness of more than
2 mm, a decrease in temperature ¢,,, u ¢, practically stops
and they reach values, respectively 63 and 57 °C.

Thus, for this type of HCU, the rational thickness
of the discharge line insulation is 2.0...2.5 mm. In this
case (in comparison with an uninsulated discharge
path), the temperature of the motor windings decreases
by 5 °C, oil — by 9 °C, and the discharge temperature
increases by 10 °C.

Studies of HCU heat exchange with the environment
have shown that the total coefficient of heat transfer from
the casing to stationary air, depending on the operating
mode, is 12...15 Wh/(m?-K) [3]. The share of radiant heat
transfer in this case is 30...40%. Therefore, one of the ways
to enhance heat exchange with the environment can be
to increase the heat radiation as a result of discoloration

t£,'C
fzm fo
~ / /

a3 d

N —
a0 \-\\4

-“"--..._‘__..._______‘ N
55
0,5 10 1,5 2.0 Oin, mm
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of the outer surface of the SCU casing. For this purpose,
for the HCU FGV-2,2 operating in the 7, = —10 °C
and ¢, = 40 °C, were calculated temperatures of parts,
refrigerant and oil depending on the color of the casing.

The calculation results are shown in fig. 5.

The picture shows that the HCU casing is painted
with black matt lacquer (degree of blackness & = 0,98)
allows you to reduce its temperature level by 6...7 °C
compared to current yellow color (g = 0,80).

In ship air conditioning systems with dynamic
maintenance principles use air-cooled condenser or water-
cooled condenser and cooling tower air conditioners.
In this case, the condensation temperature can reach
55...65 °C, which significantly increases the temperature
level of the HCU and, consequently, lowers its energy
and operational performance. To improve the operating
conditions of the HCU in air conditioners operating in
a wide range of loads and ambient temperatures, a special

t. C
-
118 //
16 /
/
114~
U,ﬁ 1,{} 1 .5 2,0 Bin_mm

Fig. 4. Dependences of the temperatures of the windings of the electric motor ¢,,,, oil 7, and discharge 7, from

insulation thickness 9,, discharge path

-

60

40

20

wl

60

40

Fig. 5. Temperature change when the outer surface of the HCU is painted yellow (I), grey colour (II), black

matte varnish (I1I):

a) refrigerant in HCU: [ — in front of the suction port; 2 — in the casing; 3 — after the electric motor; 4 — at the
exit from the cylinder,; 5 — in the discharge cavity; 6 — in the receiver, 7 — after the discharge pipe;

b) HCU elements and oil: 8 — casing; 9 — block crankcase; 10 — oil; 11 — electric motor; 12 — cylinder;
13 —discharge cavity; 14 — receiver; 15 — discharge tube
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cooling system is used — cooling of the casing of the sealed
compressor unit water or condensate supplied from
the evaporator (air cooler) to a special sump that covers
the entire HCU or only its lower part [5].

The following cooling system options
investigated:

1) water at a temperature of 15°C was fed into
a sump covering the lower part of the HCU casing;

2) water with a temperature of 15°C washed
the entire HCU casing;

3) water at 35 °C (summer seawater temperature)
was fed into a sump covering the lower part of the HCU
casing.

The results of calculating the temperatures
of the elements, refrigerant and oil of the compressor
unit FGV-2.2 are shown in fig. 6. The figure shows that
the use of a special cooling system allows you to reduce
the temperature level of the HCU by:

In the option / — 15...18 °C;

In the option 2 — 20...23 °C;

In the option 3 —6...8 °C.

According to the author, option 1 is preferable as
it is simpler and more technologically advanced in
application. The temperature level in this case decreases
by about the same amount (10...25 °C), as when the HCU
casing is blown with air at a speed 8 m/s [3].

were
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During the operation of the compressor unit KHGV-
14 in mode ¢, = 0°C and ¢, = 65°C with cooling
of the lower part of the casing by condensate from
the evaporator temperature of the electric motor windings
t... and lubricating oil ¢, were respectively 58 and 51 °C. In
the case of application for cooling the jacket of water with
a temperature 35 °C HCU temperature level increased by
10...12 °C, but did not exceed the permissible values.

CONCLUSIONS

A mathematical model and a method for calculating
the temperature level ofa ship high-speed HCU of the HGV
type have been developed, which make it possible to
assess their thermal state, determine the temperatures
of the compressor elements, refrigerant and lubricating
oil, depending on the operating conditions and design
parameters of the machine.

It has been found that cooling the HCU casing with
water from the air conditioner evaporator, which is fed
into a sump covering only the lower part of the casing,
reduces the temperature level by 10...25 °C.

It has been shown that painting the HCU casing
with black matte varnish reduces its temperature
level by 6...7 °C (compared to current yellow color),
and the rational thickness of the insulation of the discharge
path is 2...2,5 mm.

1,°C
140 /k\
\\ t,oc
\ ﬂs\—‘
>4 110 / ~
/ N \\ / /\\
100 ] S 90 /// / ]
/, Vo ey Howom v ///
80 J/ 70 [ 7
1l 1 \/«\74—__,__//
| ) [ e —
60 ‘ //// 50 Ly — ="
: —
//)% T
40 // //‘ 30
/// 10
20
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
a b

Fig. 6. Temperature change with different HCU cooling options:
I —option 1; II — option 2; III — option 3; 1V — standard execution;
solid line — #,=—10 °C; ¢, = 40 °C; dotted — ¢, = 0 °C; ¢, = 65 °C; (for other designations see fig. 5)
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