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COOL SHUTS
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The calculating methods of optimization of flat-and-edge radiator system of thermobattery cool shuts on maximal heat efficiency at

minimal fanning intensity.
Introduction

The optimization of flat-and-edge radiator systems is used
for the heat rejection in different thermoelectric transformers,
in particular in heat chambers for the obtaining of the
temperatures, below 300°K. It is led to the definition of
optimal dimensions of edges, the distances between edges
(edge numbers) on the radiator system foundation.

The multi-stage thermoelectric systems are used for the
formation of heat chambers, by the volume in the limits
~10dm’ (from -50 till +80°C). However, the boiler diagram,
basing on the use of “hybrid” catenation of base high-
temperature cascade on the base of compressive aggregate
and outgoing low-temperature one-cascade thermoelectric
battery (TB) is optimal one. The treatment of thermo-
refrigerators with (~1-10) dm”® sizes for the temperatures -
50°C only on the base of many-stage thermo-batteries is the
hard-hitting task. So in the ref. [1] the behavior of
thermoelectric coolers (TC) with indirect number of cascades
at the cinematic excitation has been investigated by the
method of electro-hydrodynamic analogy and Lagrange
equations of second order. The calculating schemes of the
construction analysis of many-stage (TC) at the investigation
by both methods have been proposed. It is shown, that the
one-and four-cascade TC demand the vibroprotection at
cinematic excitation. The exploitation of such production
demands the supplying of their reliability in the conditions of
external vibration influences. That’s why the formation of the
engineering technique, allowing to evaluate the construction
ways of devices for the obtaining of lowered temperatures on
the base of the many-stage systems on the stage of projection
and product treatment is the actual task. The compressor
aggregates and one-cascade TC can be such systems. They
are extensively free from the vibration overworks. In total,
the reliability of many-stage devices depends on their design
philosophies [2]. The cascade choice at the construction is the
definition one at the formation of many-stage systems [3-4].
For this purpose firstly let’s consider TB calculation of
radiator system with the help of heat exchangers.

The aim of this paper was the task solution of
optimization of flat-and-edge heat exchanger in the form of
the collection of its optimal outgoing characteristics.

Besides, the optimization of flat-and-edge heat exchanger,
contacting with TB cool shuts and using for the heat rejection
from the cubic capacity and decrease of its temperature,
allows, firstly, to lead the T')-T, drop to minimum possible
values and, secondly, to decrease the circulation intensity and
power of fan heat generations till the values, defined by

maximum assumed temperature gradient in the cubic
capacity, correspondingly.

The solution of this task requires the consideration as fan
aerodynamic characteristics, so the big collection of
thermalphysic factors, connected between each other in a
complicated manner, such as air flow regime, its
corresponding heat - transfer factor, total hydraulic resistance
of heat exchanger and the differential pressure of air flow on
it, correspondingly.

Statement of problem

The heat exchanger (fig.1), containing the flat-and-edge
system with the basis of sizes d x Z , N edges of the width ¢
and length / has been established on the one of the planes of
which along direction, parallel to Z, fanned by fan with
parameters in nominal conditions (heat exchanger efficiency,
power, differential pressure of air flow, volume air speed):
1> W, APy, @y

Fig.1. The heat exchanger

The heat power g is totally taken off from the radiator
system foundation; initial flow temperature is equal to 7¢.
The temperature of radiator system in arbitrary point is
defined in stabilized mode from the equation

0T (x, 0T (x. 2 ,
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under boundary conditions
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At practically carrying out supposition about uniformity of
air cooling, fanned through radiator system, i.e. at

o dy
pac

Ty(y)=Ton - ©)

leading down solutions of tasks (1), (2) to the equation with
separating variables and further carrying out the averaging-
out on total radiator system volume in the correspondence
with the equation

_ 1 L L
T, == || T(Ce)dy @
0 0

it can be possible to obtain the following expression:

YTp:TCilq{dL +ld+5]
27 poc a 1

)

As it was mentioned in the ref [4], the existence of
optimal density of radiator edges dispersion, at which the
minimal value of average temperature of thermal-dropping
surface achieves at the given heat flux density defining by the
minimum of average heat resistance of heat exchanger,

z 2,-T)_dL  d+s
! q poc 1

is obtained from the following suppositions. The value of
heat-exchange surface increases with increase of the density
of edge situation. However, the last one is accompanied by
the increase of aerodynamic resistance and at the defined
dependence of fan efficiency on pressure leads to the
decrease of air speed, created by it and heat-transfer
coefficient, correspondingly.

Thus, the optimization of radiator system is defined by
dependence of fanning speed, created by fan with known
aerodynamic characteristics, on the distances between edges,
realized finally in heat exchanger.

We use the perception of limit edge length, introduced in
ref [4] at the finding of optimum of initial relation

(6)
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)
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The physical meaning of introduced limit edge length
consists in the fact, that it defines thermal effectiveness of the
use of given space volume, secreted in device for heat-and-
edge heat exchanger.

The non-dimensional form of initial relation

Introducing the non-dimensional variable x, defining
dispersion density of edges on the foundation, we obtain:

F(x)=

dL o 20,4,
+
paoc 21,4, A

P

The equation (18) shows, that the solution of given task is
defined by the optimal step between edges of chosen width

1-y d v
} ;R (x)[—v} x(x +2)
9

D,
X = s ®)
o
where
4dl dl
Deq = =2 . 9
Ad+1) d+1
The relations [5-6] are known
N, A
q =" (10)
D, ”
(o are heat-transfer coefficients)
( A 1s air thermal conductivity)
N, =4, Re” (Nusselt’s criterion), (11)
where parameter values 4; and y are given in table 1.
Table 1.
Gas flow character in canals | 4; 7
Laminar 0.33 0.5
Vortical 0.018 0.8
vD,,
R, = (Reynold’s criterion), (12)
/4

(where vis cinematic viscosity).
The volume air speed @ is connected with linear velocity
v by relation:

=S, V. (13)

For one’s turn

S,, =N +1)dl (14)
N = d —1. (15)
o+d

Making the transformations on the base of above
mentioned relations, we obtain:

Re — @O (x +2) (16)
dly
74
azﬁAl wO(x+2) 1
X0 dly

We obtain the initial optimization equation in non-
dimensional form, finally substituting formulas (7) and (17)
in formula (6):

L
2-y

(18)

| .
and supposes also known dependence of air speed @ on it,

created by fan with defined aerodynamic characteristics.
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The results on optimization of air heat exchangers for
compression-thermo-electrical systems are obtained.

The value of volume air speed, realizing in heat
exchanger, proves about the fact, that fan operating mode
isn’t nominal one in general. In general, the finding of task
solution of optimization of heat exchanging node, necessarily
proposing the change in defined limits of @ and AP
parameters, is impossible without taking into the
consideration of total fan characteristic, expressing the
connection between AP, W and n with one hand and @ with
other hand.

It is need to take into consideration the fact that fan
dynamic characteristics are not always given in fan passports,
especially in compact ones (for example, such characteristics
are given in ref [7], that makes difficult the carrying out of
optimization investigations of compact flat-and-edge heat
exchangers). The relations [8], describing the fan work in
stabilized mode, are known.

W =AP® (19)

V2 L
AP=pY e =y 20
P 5 é:Deq o (20)

where (& for laminar flow, such motion character has the air,
fanned through radiator system).

¢= ﬁ—i @1
5 = gin + gout . (22)

Here, &, and &,,, are hydraulic resistances on the output

The &, (D) and &,,, (D) dependences for the smooth flat-
and-edge radiator systems, not having breaks, are defined by
following formulas [9]

2
fin:0,7[1— D }—0,2{1— D } (23)
D+26 D+26
D 2
=|]1—-——1 . 24
éout |: D—2§} ( )

Using the expressions (8) and (9), it is possible to obtain

1 x x T
=—-|15-0,6——-0,2| — 25
S x+1 x+1 Lﬁrl} 2

Let’s introduce the non-dimensional fan characteristics,
which are more comfortable at the carrying out of
mathematical operations:

_ w
0=—
Oy
AP = A2 (26)
APH
-
WH

Taking into account the earlier mentioned relations, it is
possible to obtain:

_0-o, x+2

and input in radiator system)[4]. v d-1 X 27
The dependence A4, in function on — relation, built on
e
table data, given in [7], is presented on the fig.2. |
2
Plo,o(x+2 A,vdL 1
AP=—| 2 ( ) — [:}go(x) (28)
2 dix O wyx(x+2) @
Leading the expression (19) to the non-dimensional form
W =APo (29)
and transforming it, taking into account (27), we obtain
p o, [x+2 o] AvdL 1
77a H — 2
W =17 o — | | = — |+ (¥) (30)
2d°AP,| x [ O w,x(x+2) @
The solution of equation (30) is possible only by graphic- | n=>b(w), (31)

analytical method at the presence of /(w,x) dependence of

complex form. However, starting from the consideration of
typical dynamic characteristics ;(w), given for example in

ref. [10], at fan work on the one of curve 5(w) parts, it is
possible to accept

where b; tangent inclination angle of curve part \W(®) in

point, corresponding to stabilized mode in heat exchanger. In
this case the equation leads to square equation respect of
(@/]):
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A,vLd @

L, bWd*AP,

B
I 5w, e,(X)x(x+2) 1

Uﬂw;go(x)

(32)

Bl

It is possible to obtain the dependence of w(x) air flow, created by fan in heat exchanger with the one from overall sizes

Lsyn solving (32) respect of ?, when [, <1 4, restriction is imposed on /,, value:

_ A,vLd 2
o(x)=1,,— W1+ A (x)x" 1], (33)
200w, & (x)x(x+2)
|
where
bVP, s’ N
A =0———"H— (34)
T pdviL ’—....— =
< )
-al--l,ﬂl
The D,, relation, in one’s turn defining 4, dependence s
l =
at [=1,,,=cons , transforms in: )
Yoo
=005
D pet
oKE xi' (35) {..o,u
Izat) lsao =007
=008
The A,(x) dependences for different values of &// relation, < Ae(Bp) - ":g
and also A,(1) dependences at D,, values, which are equal to . -
Imm, 2mm, 3mm, 4mm, are presented on the fig.2. R
Thus, the dependence of volume air speed, created by fan L
in flat-and-edge heat exchanger is described by explicit ol T T
equation (35) that takes into consideration whole collection L ' B A b
of influencing factors for each chosen value dand /. U S
Substituting (7) instead of [, in (33), we obtain more
general dependence @(x), basing on previously given limiting . D,
heat efficiency of edge of given width Fiig.2. The 4; dependences on.x and Tq ’
2-y L_l By
_ dv|1 L|2 B(x)x? 7
O(x)=+A4;, —| = 4,(x)—= — = (JI+ A& (0)xt —1) 2 (36)
oy |2 o (x+2)&,(x),

Substituting (36) in formula (7) we find /,,(x) dependence
which is taken into consideration at the projection of flat-and-
edge with the given edge efficiency.

2x, (%)

A0 S 1+ 48 o ]

Substituting /,, form (36) into (35), we find
D

L e
» 1 Az(x)g1/1+A0z§(x)x —l] 68)

I 4,8, 2x&,(x)

(37

lnp = é‘\/"473')6171 ('x)

The @(x) dependence for edges, the width of which
changes from 0,2 mm till 1 mm, obtained by calculating way,
is presented on the fig.3.

The @, v, AP, and R, dependences on x are given on

the fig.4. As it is seen from this figure, function minimum
Riy(x) is observed at some x values; this xo;r value and /;pgy
value, corresponding to it, are defined at chosen edge width,
given density of heat-flow rate and fan.

The unique solution of optimization task of flat-and-edge
heat exchanger is collection of its optimal output
characteristics.
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Fig.3. The dependence of non-dimensional expense @ on
non-dimensional edge step x.
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Fig.4. The dependences @, v, AP , and ET, realizing in air heat

exchanger, on non-dimensional edge step x.
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MUSTOVITILLI RADIATOR SISTEMININ SOYUQ TOROFLI TERMOBATAREYASININ OPTIMALLASDIRILMASI

Isdo miistavitilli radiator sisteminin soyuq torafli termobatareyasinin optimallasdiriimasina baxilir.
Minimal intensivlik {ifiirms goraitinde maksimal istilik effektliyinin optimallasdirilmasi hesablama tsullar: verilir.

®@.K. Aneckepos, A.IIl. KaxpamaHoB

ONTUMM3ALIMS IVIOCKOPEBEPHOM PAJTMATOPHOMN CUCTEMBbI XOJIOJHBIX CIIAEB
TEPMOBATAPEN

B pabote onmcaHbl pacueTHbIE METOABI ONTUMHU3ALMH IIOCKOPeOepHOH paguaTOpHOIl CHCTEMBI XOJIOAHBIX CHaeB TepMmobarapen Ha
MaKCHMAaJIBHYIO TEILIOBYIO 3()(GEKTUBHOCTb IPH MHHUMAJILHONH HHTEHCUBHOCTH 001yBa.
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