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SIMULATION OF THERMAL MODES
OF THE ABSORPTION THERMOTRANSFORMER
WITH HEAT PIPES

O. Timnos, K. Ilonomapvos. MojeJIlOBaHHS TeIUIOBUX pexKUMiB abcopOuiiiHoro repmMoTpancdopmMaTopa 3 TenJI0BUMH TPydaMu.
3aIpONOHOBAHO METOIMKY MOJCIIOBAHHS TEIUIOBUX PEXKUMIB abCOPOLIiHOrO TepMoTpaHchopMaTopa 3 TEIIOBUMHU TPYOaMH, sIKa 03BOJISIE
3a paxyHOK pamioOHaJbHOIO KOMIIOHYBAHHS KOHCTPYKIi ITOKPAIIMTH HOTO TEMIIEpaTypHO-CHEPreTHYHI XapakTepHCTHKH. Po3pobieHo
MaTeMaTH4YHY MOJEIb TEIIOBOI CXeMU «BUIIAPHUK abcopOuiiiHoro TepMoTpaHchopMaTopa — TemioBa Tpyoa — 00’ €KT OXOJIOIKYBaHHS», 1110
JI03BOJISIE IPOBOJWTH UMCENIBHHUI EKCHEPHMEHT 3 OLIHKM BIUIMBY Ha TEMIIEPATyPHO-CHEPIeTHYHI XapakTEePHCTHKH abcopOuiiHOro
TepMoTpaHchopmaTopa, a came Kopoda 00’€KTa 0XOJIOKYBaHHS, HACTYITHUX TEOMETPUYHUX Ta PEKUMHHUX IapaMeTpiB: MIMOUHHU, IHTUPHHU
Ta BHCOTH KOpoOa 00’€KTa OXOJIOJUKYBaHHS; TOBIIMHM MaTepiady Kopoba 00’€KTa OXOJO/KyBaHHs, THIy MaTepianmy Kopoba; THITy
BHKOPHUCTAHOI TEIIOBOT TPYOH 3 ypaxyBaHHSM BEINYMHU TEIUIOBOTO OIOPY; TOBIIMHHM TEILIOI30JALIHHIX TeperopoaoK. B ocHoBI MeTomuku
PO3paxyHKy TEIUIOBUX PEKHMIB JIOKHTh PIBHSIHHS TEIJIOBOTO OallaHCy, sKa BPAaXOBYE XOJIOJOMPOAYKTUBHICTh BUNIAPHUKA aOCOpOIiifHOTO
TepMoTparcdopMaTOpa, HaJX0/DKEHHS TEIUIOTH 3 HABKOJIMITHBOTO CEpPEIOBHINA Yepe3 CTIHKH madu, uepe3 JBepi Ta MeperopojKu, a Takox
HA/IXO/DKEHHS TeIUla BiJ MpoayKTiB. BapilioBannumu napamerpamu Oynu: ToBiuHa kopoOy — 0,003 m ta 0,001 m; Brcota kopoOy — 0,160 M,
0,200 M, 0,280 M; rmubuHa kopoOy — 0,225 M, 0,325 M, 0,425 M; TepMiunmii onip TemnoBux Tpyo — 0,01 K/BT, 0,1 K/Bt, 1 K/BT. BazoBumu
KOHCTPYKIAMHU JUIsl aHawi3y € kopoou 3 I'-moxi6rumu, I1-mofiOHuMu Ta TpaaMIiiHUMK TEIUIOBUMH TpyOamu. B pesymbrati 4ncensHoro
EKCIEPUMEHTY JIOBEICHO, L0 VISl pO3Mipy 00’ exTa 0XxosoKyBaHHs: Bucota — 0,160 M, mupuna — 0,385 m, rmubuna 0,225 M, BCTAaHOBICHHS
TemnoBoi TpyOu BupiBHIOE Temmeparypu no 0,2 °C. Buxix Ha pexum 34iHCHIOETbCS MBHAUIE NpHOIM3HO Ha 20%. 3pocTaHHS TMHOHHU
kopoOy Bix 0,225 m 510 0,425 M 3HMKYye eeKTHBHICTh 3aCTOCYBAaHHS TEIUIOBHX TPyO Ha 45%, a 36inbmenHs Bucotu 3 0,160 M 1o 0,280 m
3HIKY€ e(eKTUBHICTh BUKOPHCTAaHHS TEIUIOBUX TpyO Ha 2,6%. i po3poOHUKIB aOCOpOLiMHMX TepMOTpaHC(HOPMATOPOB 3 KOPHCHUM
06’eMoM 06’ekta oxonomkysanus 12..30 am® Ta 100..180 aM> MOXIMBO PEKOMEHIYBATH KOHCTPYKIiIO KOpoOy 3 raGaputamu
0,160%0,225%0,385 MM, i 3 TeroBumu Tpy6amu I'-nioni6uoro ado I1-moxionoro tumy. TemIoHOCIH TEMIOBUX TPYO — amiak.

Knrouosi crnosa: abeopbuiitHuit TepMoTpancdopmaTop, Terosa Tpyoa, TeIIOBHIT PEKUMI, MOJCTIOBAHHS, TCILIOBHI OataHc

O. Titlov, K. Ponomaryov. Simulation of thermal modes of the absorption thermotransformer with heat pipes. Methodology for
thermal regimes simulation of absorption thermotransformer with heat pipes is proposed, which, through rational structural construction
design, improves its thermal and power performance. Mathematical model has been developed for the thermal system comprising the
“absorption thermotransformer evaporator — heat pipe — cooling object”, which enables numerical experiments to evaluate the influence of
the following geometric and operating parameters, namely: depth, width, and height of the cooling facility enclosure; thickness of the cooling
facility enclosure material; type of enclosure material; type of heat pipe used, taking into consideration its thermal resistance; and thickness
of the thermal insulation barriers on the thermal and power characteristics of the absorption thermotransformer, specifically, the cooling
facility enclosure. The basis of the thermal modes calculation methodology is the thermal balance equation, which accounts for the
absorption thermotransformer evaporator cooling capacity, heat transfer from the surrounding environment through the cabinet walls, doors,
and barriers, as well as heat input from the stored products. The varied parameters included: enclosure thickness — 0.003 m and 0.001 m;
enclosure height — 0.160 m, 0.200 m, 0.280 m; enclosure depth — 0.225 m, 0.325 m, 0.425 m; and thermal resistance of the heat pipes — 0.01
K/W, 0.1 K/W, 1 K/W. The baseline designs for analysis were enclosures with L-shaped, U-shaped, and conventional heat pipes. As a result
of the numerical experiment, it was proven that for a cooling object size of height — 0.160 m, width — 0.385 m, and depth — 0.225 m, the
installation of a heat pipe equalizes temperatures to within 0.2 °C. The operating mode is reached approximately 20% faster. Increasing the
depth of the enclosure from 0.225 m to 0.425 m reduces the efficiency of heat pipe usage by 45%, while increasing the height from 0.160 m
to 0.280 m reduces efficiency by 2.6%. For developers of absorption thermotransformers with cooling object net capacity 12...30 dm? and
100...180 dms, the recommended enclosure design is with dimensions of 0.160x0.225x0.385 m, and with L-shaped or U-shaped heat pipes.
The working fluid of the heat pipes is ammonia.

Keywords: absorption thermotransformer, heat pipe, thermal modes, simulation, thermal balance

Introduction

The transition of low-temperature cooling systems to environmentally safe refrigerants necessi-
tates increased attention to absorption thermotransformers, whose working fluid consists of natural
components — water-ammonia solution and inert gas [1].

Absorption thermotransformers possess several advantageous characteristics, such as noiseless
operation, reliability, and long service life, as well as the absence of vibration, magnetic, and electric
fields during operation. They also offer the capability to utilize multiple energy sources — both electri-
cal and thermal — within a single unit. Absorption thermotransformers are relatively insensitive to var-
iations in power supply parameters within a voltage range of 160...240 V [2].
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Among the advantages of absorption thermotransformers is their lower cost compared to com-
pression-type counterparts, which is often a decisive factor. Absorption thermotransformers are effec-
tive in applications such as mini-refrigerators, minibars, and built-in or transport refrigerator models,
where cooling capacity does not exceed 20 W, making the use of compression cooling systems im-
practical.

At the same time, absorption thermotransformers exhibit higher energy consumption compared to
equivalent compression models, which limits their range of application [3].

Therefore, research aimed at improving the energy efficiency of absorption heat pumps remains
highly relevant.

One promising direction in such research is the development of efficient thermal coupling be-
tween the cooling object and the artificial cold source (absorption thermotransformers evaporator) us-
ing heat pipes [4, 5].

Currently, there are practical implementations of such systems [1], yet comprehensive models
that can provide guidance for the design of various types of cooling systems are lacking.

Analysis of literary data and statement of the problem

Based on the experience of foreign and domestic developers [2, 4, 5], it is advisable to adopt the
three-flow heat exchanger scheme shown in Fig. 1 as the basic model of the evaporator (artificial cold
source) of the absorption thermotransformer (absorption thermotransformers).

The heat exchanger-evaporator consists of a liquid ammonia pipe 1, thermally connected to the
evaporator pipe 2. Coaxially within the evaporator is a channel for the purified vapor-gas mixture 3.
Radial capillary grooves 4 are applied to the inner surface of the evaporator pipe. Liquid ammonia,
entering the upper part of the evaporator due to the hydrostatic column, flows countercurrently to the
lower part. The capillary grooves 4, owing to surface tension forces, distribute the liquid ammonia
film evenly along the entire internal perimeter of the evaporator 2. Ammonia from both the stream and
the grooves evaporates into the vapor-gas mixture due to the difference in partial pressures between
the flow and the liquid film surface. This evaporation process produces artificial cold at a temperature
below ambient. The evaporation temperature level is determined by the heat and mass transfer
requirements between ammonia and the vapor-gas mixture, the degree of vapor-gas mixture
purification, the circulation rate, and the geometric characteristics of the evaporator 2 and heat
exchanger elements (1 and 3) [5, 6, 7].

To ensure serviceability, both the absorption thermotransformers and the heat pipes must be de-
signed as detachable assemblies.

A well-established technical solution exists for the installation and positioning of the absorption
thermotransformers evaporator entirely within a thermal insulation block [8]. The block is located in
the rear opening of the insulated cabinet. The evaporator is non-detachably installed inside the block
(via polyurethane foam insulation) and is structurally connected at several straight segments to the
block base made from a highly thermally conductive metal, such as aluminum.

The design layout is shown in Fig. 2.

The insulated cabinet 1 with doors 2 is divided into a low-temperature compartment 3 and a re-
frigeration chamber 4. The low-temperature compartment 3 has a separate door 5 and is designed as an
enclosure 6 made of a highly thermally conductive material, e.g., aluminum. The enclosure 6 is con-
nected to the cabinet 1 using detachable joints.

The absorption thermotransformers 7 is mounted on the rear wall of the cabinet 1, with its evapo-
rator 8 fully enclosed in an insulated block 9. This block 9 is installed in the cabinet opening and, to
provide thermal contact with the useful volumes of the cabinet 1, is equipped with a panel 10 made of
a highly thermally conductive material, such as aluminum. The panel 10 is connected via detachable
joints to the rear wall of the enclosure 6 through a ribbed plate (panel) 11 located on the rear wall of
the refrigeration chamber 4.

The ribbed panel can also be fabricated as a single unit with panel 10. Heat pipes 12 are installed
within the low-temperature compartment: the heat pipe condenser is mounted on the rear wall of the
enclosure 6, and the evaporator — on the side wall.

Analysis of known experimental studies of absorption thermotransformers systems based on the
scheme shown in Fig. 2 demonstrates that the thermal mode of the refrigeration chamber 4 can be calculat-
ed without significant complications using existing methodologies for finned surfaces and panels [5, 9].
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Fig. 1. Scheme of the three-flow evaporator Fig. 2. Diagram of the basic design of an absorption
absorption refrigeration devices: a) longitudinal thermal transformers with heat pipes

section of a straight section; b) cross-section of a
straight section

However, it should be noted that the mass and size characteristics of the ribbed panel 11 are not
strictly limited due to the relatively large volume of the refrigeration chamber 4.

The purpose and objectives of the research

The aim of this work is to simulate the thermal modes of absorption thermotransformers (absorp-
tion thermotransformers).

Analysis of the absorption thermal transformers thermal scheme

The greatest difficulty in the calculations arises from the thermal coupling between the
absorption thermotransformers evaporator and the low-temperature compartment enclosure via the
heat pipes.

The general thermal diagram of this heat connection is presented in Fig. 3.

— Rs —o Te

Two— Rt [ R — Rs [— R&

L1 Re 0T,

Fig. 3. Thermal scheme: Tempreture: T, — of the evaporator; T, — of the ambient air; T - of the stored
products; Thermal resistance: R, — of the evaporator wall; R, — of the contact between the evaporator and the
plate of the insulated block; R, — of the contact between the plate of the insulated block and the rear wall of the
RC box; R, — of the box walls; R, — of the refrigerator cabinet; R, — of the convective heat exchange process
with products

When installing heat pipes, the thermal resistance of the enclosure can be expressed as:
1 1 1
1)

e r—

R, R R

S hp

where: R, — total thermal resistance of the enclosure, K/W; R_ — thermal resistance of the enclosure
walls, K/W; R, — thermal resistance of heat pipes, K/\W.
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To develop a mathematical model, it is necessary to assess the influence of various factors under
the conditions of real operating modes of the absorption thermal transformers. Based on this assess-
ment, assumptions and boundary conditions can be formulated.

The heat balance equation in general form for the low-temperature volume, presented in Figure 4
and Figure 5, has the following form:

Q=Q+Q’+Q7+Q,, ()

where: Q, — heat input from the environment through the refrigeration chamber cabinet walls, W; Q¥

» — heat input from the refrigeration chamber through the low-temperature compartment doors and
barrier, W; Q_ — heat input from stored products, W.

QO B s ng‘\;“ Q(l) QO AR mg\f& Q(l)
. CE | . > —
] Q(Z) i Q(Z)
Fig. 4. Heat flow balance of the low-temperature Fig. 5. Heat flow balance in long-term product
compartment, expressed in general form storage mode

In stationary long-term storage mode Q, =0. Thus, equation (2) will take the form:

Q=Q, +Qy +QY. @)

For a two-chamber cabinet with separate doors for the lower heat exchange volume and the re-
frigerator compartment Q% is included in Q, .

Equations (2) and (3) are written for the stationary mode of operation of the absorption thermal

transformers. This “extended” mode corresponds to peak thermal loads, which occur when ambient air

temperature reaches 32 °C or higher — representing the most unfavorable (critical) operating condi-

tions for the absorption thermotransformers.
The thermal connection scheme, taking into account the assumptions made, is shown in Figure 6.
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Fig. 6. Thermal scheme: T

ev(x)

— temperature distribution along the length of the evaporator; T, — environmental
temperature; T_ — temperature in refrigeration chamber; Thermal resistance: R, — of the back wall of the box;
R, — of the wall of the ceiling of the box; R, — of the side wall connected to the initial section of the
evaporator; R,, — of the side wall connected to the final section of the evaporator; R, — of the box bottom wall;
R, — of the insulation of the cabinet lid; R, R,,, — of the insulation of the side walls of the cabinet; R ,, R
of the convective heat exchange process on the side walls of the cabinet; R , — of the convective heat transfer

process on the partition

a2

An analysis of the thermal connection scheme was carried out (Figure 3).
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Thermal resistance R and R, are difficult to calculate precisely due to a large number of techno-

logical factors, such as non-planarity and misalignment during assembly, tightening torque of threaded
joints, and other fabrication and installation features.

The influence of these factors can be partially mitigated using known methods of enhancing heat
transfer in the contact zone — for example, by installing highly porous cellular materials with a copper-
based frame or applying thermally conductive pastes [4].

In this case, it is necessary to adjust boundary conditions based on experimental research results.
At the initial stage, when formulating assumptions, a linear temperature distribution along the evapo-
rator length can be assumed.

The assessment of the thermal resistance of the enclosure wall in the direction of the heat flow
shows that its value is practically zero. The value R,, which characterizes the thermal resistance of the

walls of the lower heat exchange volume box during conductive heat transfer, is taken to be zero in the
first approximation, i.e. the heat pipe is considered to have infinitely high thermal conductivity.
When the lower heat exchange volume is loaded with products, convective heat inflows through

the low-temperature volume doors are practically zero, i.e.: R, =00, Q¥ =0.
The directions of heat flows are shown in Figure 7.
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Fig. 7. Directions of heat flows on the model diagram of thermal communication:
a) top view; b) side view; c) front view
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We also assume the temperature in the low-temperature volume to be constant and equal to T, .
The following balance of heat flows corresponds to the formulated assumptions:

Q,=Q.+Q7. (4)

Equation (4), taking into consideration the accepted designations, can be written in the following
form:

Qo:Qp+Qe+Q51+Q52' (5)

According to the adopted scheme, the heat supply to the evaporator occurs in the mode of con-
vective heat exchange through the walls of the low-temperature volume enclosure.

The heat pipe, taking into account the assumption of infinite thermal conductivity, acts as a kind
of isothermal axis that penetrates the walls of the enclosure.

Mathematical model of the heat balance of the elementary cell of the low-temperature volume box

The mathematical model of thermal couplings is based on the heat balance of an elementary
representative cell of the low-temperature compartment enclosure:

a) the elementary cell is not in direct contact with the heat pipe (see Fig. 8).

The change in the thermal regime of the elementary cell (or the change in its internal energy) can
be expressed as follows:

A(‘?i,j = A(1?i‘j+1 + A(?i,j—l + AQi—l,j + A(1?i-¢-1,j + Qin(i,j) ' (6)

where: Q, . ,, — the heat flow into the elementary cell from the surrounding environment, or, in the

case where the elementary cell is located at the bottom of the enclosure, from the refrigera-
tion chamber.
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Fig. 8. Elementary cells: a) of the first type; b) of the second type

Equation (6) is written based on the assumption that there is no thermal influence from the stored
products.

It is also assumed that Q =0, when the elementary cell is located on the rear wall of the en-

in(i, j)
closure and is in direct thermal contact with the absorption thermotransformers evaporator. In other
words, there are no heat inflows into the low-temperature volume from the absorption thermotrans-
formers evaporator, which is justified, since the evaporator acts as a “heat sink” from the low-
temperature volume.

Alternatively, the change in the thermal regime of the elementary cell can be described using a
known method [10]:

dt
@, =65 )
]

where: C, ; and p, ; — heat capacity and density of the elementary cell material; dV, ; — elementary cell

[ dt . .
volume; | — | - change in elementary cell temperature over time.
T i

Equation (7) can also be expressed using finite increments:

At
AQi,j :Ci,j “Pij (A_‘Ej” 'Vi,j : (8)
By transforming equation (8), we can obtain a convenient notation form for calculation:
At
At =—AQ . 9)
N Ci,j “Pi,j 'Vi,j !

For an elementary cell of the first type, taking into consideration (6), we obtain the basic calcula-
tion formula for the elementary cell:

At

Ati,j :m (AQi,j+1 + AQi,j—l + AQH,J‘ + AQm,j + Qin(i,j)) : (10)
(] 1) 1)
A similar formula can be written for the elementary cell of the insulating coating:
At
At = C v 'AQZ(M) (11)

pa Ppa Vpa
b) the elementary cell is in thermal contact directly with the evaporator or condenser of the heat
pipe (Fig. 8).
In this case, equation 6 can be expressed in the following form:
AQk,m = AQk,m+1 + AQk,m—l + AQk—l,m + AQk+1,m + th(k,m) ' (12)

where: Q, ., — value of the heat flow introduced (or removed) by the heat pipe into (from) the ele-

mentary cell, W.
The signs “+” or “~” allow us to determine the direction of the heat flow in equation (11).
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Similarly, from equations (8) and (9) we can obtain an expression for the second type of elemen-
tary cells:

AT

Atk,m = C p V aAQk,m = AQk,rr|+1 + AQk,m—l + AQk—l,m + AQk+l,m * Qin(k,m) * th(k,m) ' (13)

k,m k,m k,m

For each elementary cell of the low-temperature cooling enclosure, as well as for the elementary
cell of the insulating coating in the low-temperature cooling area, it is necessary to write down a sys-
tem of equations of the type (10) and (13):

AT
At =— A ;
o Ck,m 'pk,m ‘Vk,m QZ(k'm)
AT
ALy = AQu s (14)
Nl Ci,j 'pi,j 'Vi,j z(i,§)
At
At =—-AQ2( O
" Cp.q P 'Vp.q "

The solution of equation 14, expressed in the form of finite-difference relations, is carried out by
known numerical methods. The most common is the Euler method [11].

The boundary conditions for equation (14) have the following form:

— the initial temperature in the elementary cell of the enclosure and insulation at the time t=0;

— ambient temperature (room air temperature);

— temperature at the “cold” point, i.e., the temperature of the heat-receiving source.

Specifying time increment At , the temperature value at a point in time is calculated:

1, =1, + At,. The obtained values form an array of parameters that serves as the basis for the next
time increment At,, S0 1, =1, +At,.

Calculations are performed until temperatures that meet specified boundary conditions or con-
vergence criteria are reached.

The right choice At and At when solving systems of finite-difference equations has a significant
value. When using explicit (type 14) finite-difference schemes, the value of the permissible time step
is limited and for internal nodes it depends on the size of the chosen step in the spatial coordinate and
the thermal conductivity of the material oo=A/p-c. It is recommended [11] that:

At
o % 1.2, (15)
but when the value of the complex is greater than 1.2, instability occurs, which is not related to round-
ing errors and is a property of the system of finite-difference equations itself.

The search (choice) of the temperature of the “cold” source, which is a function of the absorp-
tion-diffusion refrigeration unit evaporator performance, as well as the heat exchange conditions in the
contact zone, should be considered an important point in the part of setting the boundary conditions.

The value of the thermal resistance can be calculated using the method [12]. the calculation for-
mula has the following form:

L2 [ 2a-onth-n)a-a)| (16

where: ., — thermal conductivity of the material; h_ and h, — the size of the microprotrusions of the
contacting surfaces, m; ¢, — change in elementary cell temperature over time; ¢, =F, /F; F,, F -
surface area of contacting pairs, m?:

_ 2 _ 2
g ——2 _Pllm [In ¢ +0.4o7j+1 H2 0.407 ]|, (17)
n(hl + hz) I E1 Py (1_ (Pk) Ez
where: P — pressing force; E, and E, — modulus of elasticity of contacting pairs; p, and p, — Pois-
son's ratios of contacting pairs; | — length of the actual contact area, m.
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Analysis of the components of formulas (16) and (17) demonstrates that the total contact thermal
resistance depends on the roughness parameters, thermophysical and mechanical characteristics of the
contact pair, thermal conductivity of the intercontact medium and the gap arising from the non-
planarity of the surfaces.

In addition, the performance characteristics of the three-pass evaporator effect on the temperature
of the “cold” source T, .

The operation process in a three-pass evaporator can be described by a system of differential
equations:
G,dY =B(y - y)dF;
G,C dt = a(t - 9)dF; : (18)
dQ, =k-¢-(0-8)dF =+w,C ,d0

where: B — mass transfer coefficient during the evaporation of ammonia into a vapor-gas mixture;

o — convective heat transfer coefficient between ammonia and the vapor-gas mixture; k — heat transfer
coefficient from ammonia to the object being cooled (low-temperature volume); ¢ — specific cooling
surface area per unit of interfacial contact; 6 — temperature in low-temperature volume; t — vapor-gas
mixture temperature; 9 — ammonia saturation temperature; G, — inert gas (hydrogen) consumption;

w, — payload volume low-temperature volume; C ,, C’ - heat capacity of products in low-

0 po’

temperature volume and inert gas; y — mass fraction of ammonia in vapor-gas mixture; y~ — mass

fraction of ammonia in vapor-gas mixture that is in equilibrium with the saturated liquid at a given
temperature; Y — mass (relative) fraction of ammonia in vapor-gas mixture; Q, — evaporator cooling

capacity.

To determine the six unknown parameters (0, t, 9, Y, y, y') the system of six equations [13] is
formed. Two more necessary equations describe the relationship between y* and 9, and also between
yandY:

Y
=Ty
y=A+A3+A% +--+A9", (20)
where: A, A, A ... A —polynomial coefficients.
The sixth equation is the heat balance equation:
rB(y” - y)dF =ke(0 - 9)dF +a(t - 9)dF . (21)
The solution of the system of equations (18) — (21) is carried out by the Euler method [11].
The temperature of the “cold” source Q, is a boundary condition for the system (14).
However, the value 3, = const is defined by the length of the evaporator or by the width of the
low-temperature compartment enclosure. In this case, it is necessary to enter T, = const, which can be
defined, for example, as:

y (19)

T, = =Y (20)
2

where: 9, 97 — temperatures at the beginning and end of the evaporator section, which is connected
to the rear wall of the low-temperature cooling enclosure (minimum and maximum).

The basic designs for analysis are enclosures with L-shaped, U-shaped and traditional heat pipes
[14, 15].

For the case of using L-shaped and U-shaped heat pipes, the thermal scheme is similar and con-
sists of the following.

The heat pipe evaporators are installed (fixed) on the side walls of the low-temperature volume enclo-
sure, and the condensation areas are on the rear wall of the low-temperature compartment enclosure.

The difference lies in the conditions of heat removal in the condensation zone.
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For L-shaped heat pipes, there is an uneven temperature field in the condensation zone. The min-
imum evaporation temperature will also be the minimum temperature potential for the wall (left) of the
low-temperature compartment enclosure. A kind of temperature bias arises between the side walls.
However, as shown by a humerical experiment, this value does not exceed 0.8°C for an enclosure wall
thickness of 2 mm.

Smoothing (stabilizing) factors when choosing an enclosure with L-shaped heat pipes are partial re-
condensation of ammonia along the condensation area of the left and right heat pipes. The temperature un-
evenness on the surface of the low-temperature compartment enclosure rear wall does not exceed 0.5 °C.

For a U-shaped heat pipe, this value does not exceed 0.15 °C.

Thus, in practice, the difference in using L-shaped or U-shaped heat pipes is insignificant. When
choosing a thermal scheme, one should proceed from other criteria, for example, from the technologi-
cal capabilities of the manufacturer. The disadvantage of the low-temperature compartment thermal
scheme with two L-shaped heat pipes is the additional costs for double vacuuming, sealing and control
of operating parameters.

When manufacturing a low-temperature compartment enclosure with U-shaped heat pipes, these
operations are performed only once.

However, an low-temperature compartment enclosure with L-shaped heat pipes offers double reliabil-
ity in terms of heat pipe failure due to depressurization. The failure of a single L-shaped pipe has a negligi-
ble effect on the temperature field of the enclosure, whereas in the case of a U-shaped heat pipe — especial-
ly in chambers with a significant flat surface area (up to 40 dm*) — the temperature gradient becomes
noticeable and ranges from 2.5 to 2.8 °C.

Rod-type or traditional heat pipe designs in the low-temperature compartment enclosure construction
can only be used in cases where temperature field equalization across the wall surfaces is required. This is
particularly important for low-temperature compartment with a useful volume of more than 20 dm3, where
the characteristic dimensions exceed the following values: 0.3 m — for side walls; 0.46 m — for low-
temperature compartment height; 0.66 m — for the width of the enclosure.

Based on the results of numerical experiments, an analysis was carried out on the efficiency of us-
ing different types of thermal schemes for enclosures: with L-shaped, U-shaped, and traditional heat
pipes.

The variable parameters were: enclosure thickness — 0.003 m and 0.001 m; enclosure height —
0.160 m, 0.200 m, 0.280 m; enclosure depth — 0.225 m, 0.325 m, 0.425 m; thermal resistance of the heat
pipes — 0.01 K/W, 0.1 K/W, 1 K/W.

The range of variable parameters was selected taking into account the availability of a wide range
of enclosure materials. The height and depth of the enclosure were varied in order to determine trends in
their influence on the thermal mode of the heat pipe enclosure. Changing the thermal resistance by a fac-
tor of 100 effectively defines the boundaries of heat pipe application. P, =0.01 K/W — the operating lim-

it for heat pipes with high heat transfer efficiency, and B, =1 K/W — actual operation without heat pipes.

It was proven that for a low-temperature compartment size of: height — 0.160 m, width — 0.385
m, depth — 0.225 m, the installation of heat pipes equalizes temperatures to within 0.2 °C. The system
reaches operating mode approximately 20% faster.

An increase in enclosure depth from 0.225 m to 0.425 m reduces the effectiveness of heat pipes
by 45%, and an increase in height from 0.160 m to 0.280 m reduces their efficiency by 2.6%.

For developers of absorption thermotransformers models with an low-temperature compartment
useful volume of 12 — 30 dm? and refrigeration chamber — of 100 — 180 dm?, the recommended enclo-
sure configuration is with dimensions of 0.160%0.225x0.385 m and with L-shaped or U-shaped heat
pipes. The working fluid is ammonia.

Conclusions

1. A mathematical model of the thermal scheme “absorption thermotransformers evaporator —
heat pipe — low-temperature compartment” has been developed, enabling numerical experiments to
assess the influence of the following geometric and operational parameters on the thermal and energy
characteristics of the absorption thermotransformers, specifically the low-temperature compartment
enclosure: depth, width, and height of the low-temperature compartment enclosure; material thickness;
type of enclosure material; type of heat pipe used, taking into consideration thermal resistance value;
and thickness of insulation barriers.
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2. The study demonstrates the feasibility and advantages of using heat pipes of various configura-
tions — particularly L-shaped and U-shaped designs.
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