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L. L. Vasiliev, S. VY. Konev

0/

0
edited by academician the A.S. of the E.S.S.%)A. V. Lykova

—

1 . - 7/

ovdl evigeneeiiing : B e
publishing house "science Leahﬂzc‘;ia.n"(_‘/ £V4C'A’ﬁ Fi /f/"//‘//(/’,j
Minsk 1972.
Page 2.

Vasiliev L. L., Konev S. V. &< heat-transmitting tubes. Minsk,

"science and engineering®, 1972, page 152.

In th7 book are described the different forms of low-temperature

‘thﬁ"é) .
thermal du#ess. Are presented the theoretical principles iebehes of
) I A o w_"') .
the processesK@akinq placeﬂﬁ@??fpggs‘masg exchanqeéﬂfgnsiderahlo
e S A

attention is devoted to the investigaticn of the transport properties
of capillary-porous cores, to the aqgupleewtsowyuse of thermal ducts

focr cooling radio-electronics equipment. Is given the characteristic
of the different constructions of the controlled thermal das£%4 such,

as ducts with the presence cf gew residuval o non-condensable gas,

' £
centrifugal thermal g etc.

Tables 3, figures 37, bibliography - 114 names.
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Jf,(s designed for the workers of scientific research institutes,
designe® organizations, design bureau) the technical personnel of the
industry, graduate students and students of schcols of higher
education.
Page 3.
Designations.
P w» pressure, N/m?;

Q - power, W;

heat transfer rate, W/m?;

&8
|

C - the constant of proportionality;

-rﬂg;:/of vaporization, J/kg;

¢ - surface tension, N/m;

,4'%;44&14‘%
p - M&W, kg/mes;
. d.n'it’) *‘7/""’3) A

v— W/ p3
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- thickness, n;

- the height 4pbttbuss of capillary absorption, m;

- slope angle;

- permeability, m2;

= /K, 1/n=;

iWge- cross-sectional area, m2;

! - lenqgth, mg

- & radius, m;

- the mass flow, kg/s;

the angle of wetting;

- time, s;
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y - capillary potential, m2/s2;

T, t - temperature;

h - enthalpy, J/kg:

b - the width of core, m;
a - the coefficient of heat exchange, W/m2edeq;
a' - the thermal-~expansion coefficient, deg™1;

- porosity;
hy . awmmen ¢ ffective thermal conductivity of core;
gs - the free-fall acceleration, which corresponds to the
conditions of the testing of specinmen/mawpdly mn/s?;
g

j - the free-fall acceleration, which corresponds to test

i e
conditions of thermal d-t; cm/s2;

v - linear speed, n/s;

>4

“""}"‘
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St - Stanton's criterion;
Pr - Prandtl number;

- T0g

Np=—""= = the parameter of
Re - Reynolds number;

Ra - Rayleigh's criterion.

Indices;

w - liquid;

X = conden ser /E#gaciten ;

- evaporator 4FSpPokiBer ;
T = tube;
P e—— e

pressure;

—
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fuﬂ(‘

- the adiabatic zone of daets
0 - spaciaenysanple;
- average;
max. — maximum;
min - minimum;
- optimum;
~ wall:

nac = saturation;

- bubble;

- pEELS: v"t'ka/Jvﬁ"l )

xkan = capillary;

4 L SCO 110 L gt A iy — i BT RO il it il

e RN, o e W 4
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- pressurization volume.

The introduction

let us examine the works, dedicated to the study of the thermal

tui»"..
Jm.q\ and steam chambers in which was utilized as heat-transfer agent
the liquid, possessing ftme low coefficient of thermal conductivity
D ‘ ! e que A
and & low boiling point, in essence “ummmidre thermal duets.. (e&€y

utilized in the range of temperatures below 5009, filled by such

heat~transfer agents as water, alcohol, ammonia, acetone, N,0,,

call

Freon, liquid oxyjen, nitrogen, hydrogen etc. Let us aase them wiwe

; 'taﬁ(’.o

low-temperature thermal dacts and t4me steam chambers.

el ] num/w’ 2

Thermal dw@ts won acceptance at present in a ‘sa” of iz
branches of industry. High-temperaturem it is assumed to beedts
use extensively in power engineering for the eesclhastgmdderivation of
thermal enerqy from nuclear and isotcpic reactors, the creation of
thermionic-emitting and thermoelectric generators, in metallurgical

and electronic industry. It is published at present more than @

o
thousandg of articles and patents adesdg high-temperature thermal

us.'ﬁ'vé&n
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Zibe

d. ;
Low~temperature thermal «iess obtained development from 1967 and
they are utilized in electronic industry for cooling oscillator
tubes, travelling-wave tubes, klystrons etc.; in power engineering -

for blade cooling of turbines, generators, engines; in machine-tool

W B

- . rwwd"' e ; ; ;
industry - for cooling cutters, G&;‘retc.; in light industry - for

the production of pressure cookers, rods for the frying of shashlik,
nehrwaonebysn
hens, preparation of biscuits etc.; in 3 industry - for cooling
1

Ao egR AfUACED
the M/ht‘ evaeryday coolers; in the medical and biological
A\

industry - for tharmostatic control and cooling isdwe—individual

&’J.lb\.,(

sections of &ke® human ﬁ-t.-s.) blood, sperm etc.

Eage—6.
jt@Aﬂ:

The thermal d@®s and ewe steam chambers have a series of
advantages in comparison with the traditional system elements of tdee
heat transfer, for exanple)m circulaticn heat exchangers: they
{ do not have movable parts, are noiseléss, do not require enerqy
consumption for the pumping of heat-transfer agent from zone fg
condensation® into the zone of evaporatjion, they possess low thermal
i resistance in comparison with the mZx il of the same geometric
parameters and have low weight.

Udea

Is known at present many different types of wi® thermal Jasehe

\ and steam chambers [1-36). Their classification it is possible to
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realize & a series of abg@¥criteria, such as the temperature range
N

of use, the degree Oof a change in their fhurmal resistance, the
method of the transfer of heat-transfer agent from the zone of
condensation into the zone of evaporation, the dimensional
characteristics of housing and elements etc.
/
"Z;Al) dlf('(‘“/';"ff /‘—

The classification of the types of thermal <iebts Mt
N

wvorking temperature range % is following:

Ao

1) high-temperature thermal dusss (1200°K < T < 3000°K) ;

'ﬁ[-&)
2) the thermal JeB%s of 4de moderate temperature range (300°K

T £ 1200°K) ;

ﬂ;é&

3) the low-temperature or cryogenic thermal dJdembm. »f

(! °K< T<300°K).

Dependinq on geometric dimensions it is possible to distinquish

Tibe
thermal deoe whose length L substantially exceeds their diameter

a) ‘
(L/D >> 10) (Fiq./’-“', and steam chambers whose //D<i0t (Pig. 1h). It

: '
is natural that the form of the thermal demis and steam chambers can
A

be different.

g

Large interest tiwpp represent the thermal deets of
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2 varid?ﬁc thermal resistance or the controlled thermal
&ﬁ 9 d" L(;) : o .
et (thermal <4esds with the use of Eﬁt{[“slﬁual <o

P '
ncn-condensable gas, electrical, ultrasonic, magnetic fields and
centrifugal fields, thermal diodes and triodes etc.) 25, 31, 34, 35,
38, 84, B85]).
7&2{1’1)
The thermal dmms, utilized in electronic industry for cooling

high-voltage oscillator tubes, combine in themselves properties, it

ang
would seem,<fﬁ€3@patible: they have negligicle thermal resistance and
/ Fhn,

good dielectric properties, tdams it is possible to nampqhiqh-vol‘ag»

v]

thermal deeds {105 s

Page 7.
Which parameters of thermal &wess are most important? First, the
, e,
maximum value of the heat output, transferred along daet., It is

determined either by the onset of the crisis of boiling or by the
gas-dynamic closing of steam channel, or by the limited productivity
of capillary pump. In the second place, the thermal resistance of
;apo (it depends on the thermophysical froperties of the core and
heat-transfer agent, presence of the residual & non-condensable

gas). Thirdly, the coefficient of heat exchange on the external

surface of evaporatorimmpesdeser and condensersepagidibs-
L J

e NN =S
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fOne of the most prcmising ways of a reduction in the thermal
resistance 1s the realization of the induced convection of liquid in
the zcne of evaporation and condensationr with the aid of, for
example, different fields (magnetic, electrical, ultrasonic,
temperature, gravitational, centrifugal etc.) and a decrease in the
thickness of the fluid film and porous core. In this case for the
supply of the necessary amount of liquid into the zone of evaporation
from the zone of condensation, are utilized the supplementary
arteries, which can be agmawnges¥located along the amimraxis of thermal

dﬂﬂ{ (Pige. 2) [31, 32, 43, 105].
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Pig. 1. Thermal tube (a) and sde steam chasber (b).

o —

s R —
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#

2 b

The selection of heat-transfer agent for the thermal Jdeaks and
£86- steam chambers is realized on the basis of the following
requirements: 1) the maximum value of the coefficient of surface

tension ¢ and die good wetting properties for providing the necessary

. ATepn e .
capillary pressure head of=aaaa 2) low ductilitysespmesdilioposity

in order to facilitate the conditions of the transport of liquid
/1%
along porous core; 3) the high heat of vaporization for achievement
“{

of the maximum heat removal from qigaunit cf surface; 4) high thermal
conductivity in order to decrease the thermal resistance of the core,
filled(%pkliquid; 5) the operating range of temperatures 4 must be
located lﬁ‘tenperature range between the triple and critical point;
6) the high density e# M. im order to decrease the process of the

8
interaction of :10J152€§ with liquid; 7) inertness with respect to

the material of core and housing of thermal duct.
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e
Pig. 2. Forms of arterial thermal dmets [ 36].
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Page 9.

Chapter 1

THEQRETICAL PRINCIPLES OF THE WORK OF THERMAL TUBES.

fd:éihw
1. High-temperature or "isothermal" thermal Sowbs.

1

on g
Known at present theoretical works a-eewg- thermal Juweds are based

cn the assumption that the thermophysical and thermodynamic
properties of heat-transfer agent and capillary-porous core are
constants and do not depend on temperature. In essence they describe

high-temperature thermal dambe ,L['&t ‘

&h Cooling)\the condenserm of high-temperature thermal
v %)
u4 is realized most frequently by emissiongpsdemtien into the

environment and by means of the thermal conductivity of the rarefied

gas. For them is characteristic the small area of heating

(evaporatorw and the substantially large area of cooling

L
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(condenser foapwciees) . As heat-transfer agent usually is utilized any
metal in the molten state.
: ’Z‘dxé;a
The porous core of high-temperature thermal dewess usually has
[
soalnﬁ.)— hydraulic friction and high thermal conductivity. The

e be

fundamental performance characteristic cf thermal <dmst is the maximum
value of the transferred heat output in gravitational field and under
conditions of weightlessness and the absolute temperature, et
Mol
which #orks, desmt.
N

The maximum value of the heat output, transferred along thermal

duct under stationary conditions, is equal to the sum of the heat

cutput, transterred by convection and tdee thermal conductivity:

= () £
Q""”‘ “roun Qm:u,ﬂ, {1, })

G"ﬁm heat transfer by thermal conductivity in axial direction

in the housing of ‘desst and porous core it is possible to disregard in

ccmparison with transmission/\convection; therefore

anx = /70,,U, — ].m.mnxr'o (IQ)

i
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/zO
. B0 i % vt
wvhere h is enthalpy; 0, - density—se-—-—wamkzy (/. - the speed ﬁ.‘§7ln

axial direction; [u.mex ag® the paximum fluid flcw; r' - heat of

vaporization.

Page—30.

: aueL $
The fluid flow &f  /xmx - f{emm capillary-porous core is

lawd
determined on the basis of the transport properties of core g the

N

transfer of the selected liquid with the aid of capillary forces

under the action of the gradient of capillary pctential.

For the stationary working conditions of tube, it is necessary,

A0 Tha . s
pressure change in the closed loop within the tube <

LD, 0.y

') (] ' '
oty — P"/")\ e (Pn"n) i Pm(n‘)' =i {Pm‘y«ﬁ S pm'n‘) B

+ (Potw) — Prtr) = 0. (1.3)

fruZ-

At the same time it is nocessarit in order ®»

AP, 4 AP, AP an (1.4)

or

/ 1.5)
‘\P)«’vp.) i Apm’nw) Apn(mp.co“p,Hmcpmm) ( ‘\pmm- (")/

M- .’UMMQ
7
A la
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M
According to the equation ""Laplace = Young, on the curved
/\ ""[4‘/," aci
surface of seetseon liquid - vapor /'the pressure differential is equal

N

to

(1.6)

vhere R*' and R'' are the radii of curvature, which describe the

three-dimensional surface of the meniscus of liquid.

the b

If liquid wets core, the angle of contacr/‘ less than 90°. Let us

: ST 4539 I .
assume that the linterface |liquid - &4 in condenserdepmestas and

amet
evaporator Sumpeekeer is spherical (R'= R'') 1is described by radii ef

R, and P, Han




Poy—P

5 ,L‘,A(N.) I‘/}‘!‘
Under the optimum conditions of the work of deetsme radius of

interface vapor - lriquid in condenser imxpaeikar approaches infinity R

> e, i.e., there is a thin film of liquid on porous surface.

Ea gt

Then

~
Al o MO (1.10)

9

/‘)H:"n b sy,

;
08 Mmax

(1L.11)

h_w[t;f‘
vhere &8 /, . age the maximum of capillary elevation.

The capillary pressure in gravitational field and the potential

of Btranste: are defined as

i e G et AT e eiiiibsctbonmuntl

%
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A /,/
e
: 20 cos 0
P o= — . ohsina, (1.19)
) r N R
Q(‘r cos )

‘\Prmn ¥ oghsin e, {1.13)
P .13)

<
The pressure differential in liquid phase. Force  of inertia in

¢ &L(}“v)

the liquid phase of thermal desses usually they disregard and 1is

o
examined t#® laminar viscous fluid flow in pores, which obeys the law

cf e Earc‘y.:

AP IR !Eﬂcj)}( /'ul}! : (1.14)

" ,
"‘“/\S

Ll

In this expression they use the effective length of thermal damsse

e U Poma—— r————T
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27

L=l —E ] (1.15)

This is caused by the fact that in the zone of evaporation and

condensation is assumed 4<Pwiw the presence of the uniform radial flow

of mass as a result of evaporation and condensation [107].

The pressure differential due to the forces of gravitation is

equal to

APy vy = — gp, L sin @, (1.16)

‘fhe account of the forces of friction and gravitation gives the

totial pressure differential in liquid phase

B s ‘“m].;-:/-,,,u

Py (S

— g0, [.sin 9, (1.17)




. e

DOC = 77020165 PAGE /}

MT/ST-77-0165

If we disregard the pressure differential in vapor phase, then

. ; et " Mt :
the maximum fluid flow eaycaplllary—porous core it is possible to

find from formula

J /"’.Q__\ ’/l(‘_"irj,‘r‘},(_\\ /_._2__ g'n"‘/‘ e \ (I 1€)

\ legn / O\ My il ! Rn:fn OCOsSa

where the angle 6 @ characterizes the s¢mmpmpinclination of thermal
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“l”’ line of horizon. Usually it lie/messs <8& limits of 0-1800. a
is the angle, formed by the surface of liquid and by solid surface 1in
capillaries during their wetting; for the wetting liquids of o<

0 ”

hi ? /
atl fr l‘:\[/;}
{f one assumes that wymbe- hecat, aprlied to thermal et 15

expond“nnnd on the process of phase transition, it is possible to

. 5 AR
determine the heat output, transferred by the gemme Z;/u” 3

Q= =r (KS ) ( ocosap,
\ /‘3'?‘ AR g
2 20,,.L sin 6 \
Rl (1.19)
- Roia osina :
For g = 0
s laope X fKE o
Wbt 54|
Q= —H (1.20)

>4
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I\P\.h Ll.“ﬂ’ f‘\b..\.
If we instead of “he-anee 1t1]170 aSeime-tipet

g : o (Renax — L 3in 9) (1.21)

for g = 0

0 — KSourhmg (1.22)

Hmed

generalized law of ‘arcya. In s one-dimensional case it 1is poss
to express as follows:
A
4 fm=—K(0)grad®, © =1 + h, (1.23)
B —— U e ——

The process of th2 motion of liquid in porous body under the action

of the gradient of total pressure more correctly is described by the

ible




. —— - S

DOC = 77020165 PAGE -
4 U
-
However in real thermal tubes by 1 poans always {°* i}
"
to accept the condition that the flow in e 1 me=-fimrnsional,

Specifically, for the porous cores of ek small thickness when flow

I vapel
“&‘,’moves at a high speed, it is necessary to consii2r its

interaction with liquid near surface (wave formation on surface)

- » . . - . . "‘ b*‘l
which shows up in speed distribution of liquid asserliad=te the
secticn of core. Therefore it is necessary to distinguish at least

twvo velocity comyonent/’/of liquid

The description of the process of the motion of liquid in the

core when its thickness a << R, can be manufactured with the aid of

the equation of Poisson

e e e e T T R e e ’ e . A A T P 1 i
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However, aeme#’ the calculation of cores Jag this effect usually ﬁ“‘;f]
1

disregard. The cesges®Jeneral /&ies? equation, which describes the

mass transfer in porous body, is [ 108]

a0 J*e P
e T o =i, g by, (1.26)
o foties . : ;
where the a,=K—— - the coefficient of hydraulic diffusion;
di
I)
DO=hHaL | _{P_
¥ e 3 (1.27)
o/ VoK
%
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"
Fhe use of equation (1.26) \especially imporfdntb for the

|

Au by
examination of tnz processes of thermal shock in thermal dxamdey’ which
are located in gravitational field, when applied heat flux produces

the intense evaporation of liquid and condensate i# moves over

.l unsaturated porous core at the final speed.

/

In a number of cases when the term @# T—gz- can be
o
disregarded, equation (1.26) can be simplitied and is presented in

the form

-‘3—0‘ =div |a,, grad 0] -+ 9K (6) :

1
ot dx (1.28)

e e nm—

'_v.‘—'-o
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Pa.ge—T4,

For the solution to this equation in the case of the unsteady process

of the motion of liquid along unsaturated porous cor2, it is

necessary to know the values of ¢,/() and /X(0). for @ /7.

esmerghwy s pecificeemet porous material. Under the stationary

/4
. L fod
wcrking conditions of thermal Gm and K are constants.

Nonlinear differential equations (1.26), (1.28) present

sigpnificant difficulties for solution not only by analytical, but
e |
alsotnunerical met hods both as a result of the powerful nanlinear

dependence of 4,(Y%), and X(0),. and as a result of the large difference

froy
in the speed of absorption GGZé,initial and that which follow points
LD |
in time. In work {IOQ]Agivnn numerical solution of the

-,
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two-dimensional problem of mass transfer in porous media.

Frequently as an approximatiﬁgé is utilized the exponential

“mn

dependence of a,(0). In this case equation (1.28) can be rewritten as

e | L9 e (1.29)

and, therefore, to present as

L\.\‘e 41

it T ’ i

o (’)/ '),,\ =CX?(‘):,)(r‘.',,—(_\'\_(,X., nt ,\'ﬂr—er )
LYY y (0j~1) (6} P

av

(1.30)

wvhich makes it possible to calculate s

for the description of the process of sme mass transfer in the

A Ao
porous core of thermal d-tﬂsutficient to use the equations of the

I —————
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41
filtration transfer of *:. liquid® in which teee o (0). and K (9) are
accepted as constants [ 110]:

(1.31)

This equation for the case of homogenecus liquid in isotropic porous

material in cylindrical coordinates takes the form

o [ rpK [P oh \1
- D - -

r or L0 \ or st
i -1. ¢ [P (0P oh
r? (71!\ N X ()‘;\ ; ﬂ\? z
e Fp 1
+ — L ,.ﬂl\ ‘ :n_a;f‘__ 11.39)
ox | n |\ oOx dx / | or 30

Bage—15.

The pressure differential in vapor phase. Am reeedeaserdrop in
Tabe

the pressure e# AP, in the vapor phase of thermal Mt’ occurs as a

result of the presence of the forces of friction and inertia during

——————
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motion mes. Filgure 3, a,
i

the vapor phase of

.‘!‘:'L‘ l‘
ame® can be

charact e 1zed

o fe
‘e: » INn the neat-xnmnl}\:

velocity e U,

PAGE

high-tepperature i‘

of vapor om . -and geometric dimensions

b
32

]
/

14

the by iéo ',;' ifﬁ/
pm the pressure in
/4‘11 ‘ e

3
lepending on the velocity

JiVl':;

M (

L

Pf‘ VX
Flow' 10 evaporatol sweees@es 10l condenser/fospaestar of
\

by the radial velocity o (/, and axial
tok.e
part of the demle. 7 examine #is® only axial

Libe

let us examine thermal dwet in the form of cylindar.

Ay

Navier-Stokes eguat ion\cylindrical coordinates in steady-state

operating conditions of tube takes the form

v Y i NSRRI
& r Q Oy n /),\‘
Pl B, B 00
L r Jr : ar : 0x? ‘ '
% “/}/;; L Ut ‘I)(/' : —"}_ . _'),P_
or T oy N or
S g o,
vl L)+ 2]
Lor \ r or ), O |
Equation of continuity
a(rl),) o(rl
SRV 3 IV = 1.34)
dx dar A

-.IGIW;Q E.,_r. o A

g

2
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—LLip t 1 '
Pig. 3. Dependences of %pressure drop‘ . ‘for tube L = 300 mm; L =
e ACe i
800 mm (a, b) and curves (c¢) [ 36].
Key: (1) Nm2,
|
\
|
- e ——— e em———— T
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Q&f

If one takes 1nto account, that the length of thermil <4met (5

considerably greater than &« radius, tube has invariabl2 g2ometry and
W constant thermophysical properties of the material of

heat-transfer agent, then the given system of equations can be

significantly sisplified:

) r \
dl i al) U (N/x \
g ST
ox or ox
ol 0*U J%
: = I (1.35)
Jr ar? Ox? iz
; e ;
b Il Y,
/ 4 - r
! , r ) ,j.\ ¥
( r )
( 0l ] Al 1)
1 r J ‘ (1.36)
( ‘\“" [ or y
a(rl).) ) (rU.)
R L gl
0x or

Boundary conditions for the soluticn of this system of equations

can be written as follows:

U ri
Jrin) Up,

r R, U,\ U 2 0,

[J r(K) ’.-"/4: .

—dog ’

Along the sgraxis of dmes

r=0,U, =0, U =0t X
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2

Solution to the equations pointed out above with boundary

conditions gives the following expression for the pressurz
Tl :

differential in the vapor phase of the thermal

s
‘\/"“ = /)m',\— /le.',‘ ==z S{‘,I/j-

L€ we suppose that in evaporator/rwsorsser *he pressure

Q
differential 1is equal/\ APy, e [
2 [, \?/1,325 \
AP i F?p“//? i ) 0,617 (1.40)

1
Rage—if.
L'Z.v‘ﬂlx‘
The relation of the radial velocity of motion _ﬁ to the axial A
"";\
e B o e i)
e g e s X Y AU — - —— -~ ri -
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average speed of U, at output Qe from evaporator SEEEETseeE Can

be obtained with the aid of the law of concservation of mass

U J2) =
B s g (1 41)
i 2 1 ‘
analogously
| Re, | R
I SR O (1.49)
Re. 2 f, '
A i
Reme Lot o ER
x ’ r T
V v
|
a) in evapora )[M
APt 1.934 2 )3 ly i 5
- 2 S ’,")- 0,U, (143)
e, y

o cam——

e
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: 3/]

o wrapet
for Re >> 1 (laminar flow icuch?);

D

e

b) in the heit—insulg@ zone the process of tdwe hylrodynamic

motion of vapor will be analogous to the process of the flow of gas
" "

in Mt with rough walls. It it is possible to describ= in the case

of laminar flow by Poiseuille equation

als [ 16 ——; (1.44)

St

c) in the zone of #dwe condensation of 4-% t+he process of

condensation to a certain extent is analogous to the process of
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I/g

bl

suction through the porous drprasgs. [n the
(A,afw 5

g-gr&o‘ the laminar wall boundary layer of condenser fespacdtes

b
pressure differ vwfldl substantially less than

without xondonsation or suction; therefore 1t

%)
considered tuam tho vonipna(r pxenqurm\
9 wapet = EIAES
Pressure  qmes

presenca

in the

can be

Lile

of

is equal

“Ailep

same d~/;

to

the

condensation

disragarded and

12 us

n.v?dn"1
}at the inlet into condenmrm

Thus, a pressure drop in the vapor phase of daste for the case of

M oA Ce
laminar flowfiiéggﬁan be presented in the following form:

r)u = APnewy =+ APpry + .APH(K)

= (1,234 + 23 Iu )\ o7 105002 [16t2). (1.45)
2 Ky \ RRe,/
Pagqe—49.
In rongh approximation for whe long <Jesses when [0/

and Re, &1,
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a pressure drop both 1n the

evaLorator SANearises 401 10
condenser ADAgE=weet can be disregacrded, Thon

AP, AP wis)- (1.46)

. . PR baw.,
{f we assume that is valid the Poxseuxlle aguamiipai, +then

r e
"\Pn = —8 —.'?/\):' Inj

rap s bt
B in thermal <esst the
pressure differential is determined as follows:

(or the case of turbulent flow

a)g in evaporator dxSpmeisesr the pressure differential

APnw = 4,450 -"i'%i“—. (1.47)
SR A T R R T e s M o e~~~ e
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if one considers that o 05— —, -, "
X l“
-\/)ntn- 1)-:““".y{j‘?l (1.48)
{ A

b) in the heat-insula/\d part of the _f according to the

equation of blasius,

\ 1A Ly 4 | 1 40
AP vy 0,010 H (1.49)

c) 1n condense [ ieSpeather

APy = 0. (1.50)

Thus, a=ConReRsgeneral/tot al pressure differential in tube under
the condition of turbulent flow paset t-‘{ ,«'V‘d/:w"

e U :
APH - 4045{‘“!&'2”/1{ /n r 0'0107&- (]5!)

‘ PR/
fhe total pressure differential in liquid and vapor phase. The

total pressure differential in m and liquid phase can be written
in the form [111]

e e ARG iy et e e
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W 8,/ 2
l\/y’( e “ad " /"H""" } Al . / sin 0
0 /"\ ) 1 & m™ = .
et e 0./«
(1.52)
W

From this quadratic equation relative tc flow j it is possible to

find j and, therefore, to determine the heat output, transferred

L.t
along the embapaxis of <dmeis by formula

D o

Zides

ﬁ)t e lonj thermal 4@w®e vhere the pressure differential is

determined by viscous forces, expression for j takes form [107)

e . i “':‘f s 7___ . (}%3\

g

limitation on heat transfer in thermal dmm®s as a result of the

4 A L
emergence of shock waves in vapor phase. If the speed of motion Ju

/

<
in the condenser /ospesit®r of thermal -does reaches the speed of sound ,
- P am——— " - I-")'; "
are formed e, shock vaﬂ vhich can cause the disturbance of A.vt-

/(—'10'\7 L e R P "L w'
24 Mgt
In connection vwith this it is necessary that the flov she-gass

eof |, would not exceed value [ 29)

Ian, "'r?.Ux. an, O (1.54)

vhere awpe [/, , ~ the speed of sound.
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_ v
The maximum heat output, transferred along thermal Aaeds” in this case

is equal to

N g i _v';‘(,, = Sy
“as, S Jan R [0 o (! 56)

iaééa

flimitation on heat transfer in thermal dweds as a result of the

of e

(\ﬁw liquid in porous core. At high speeds

Ao AOfIE slow L) ke
of motion &ﬁ can subs*tantially b.ﬂ-;."ﬁo transfer of liquid on
i R —

interaction of flow

A

core. This first of all is related to thermal ’d-uﬁ, 1th 2pen

g, A% 2
channels [62]. To evaluation criteria of interaction J:eui*h liquid

are the criteria for Weber We [112]:

vhere Z Wiy is the significant dimension of the surface of the

J1. Ay e oo
interaction of flow Uj(iu liquid.

The maximum heat output, transferred along the thermal dwcshuest
Q,, and determined by intaraction%xvith liquid, can be found

from expression

Quy = Up = 1/ (1.58)

with We = 1,
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2. Thermal <4waee >f & moderate temperature range and

low-temperature et Tibéa .

Ziles 1

- i
%2 fhe transmitting of heat along low-temperature thermal doEtes,
L Cnet -
series of e parameters, such, as thermal resistance of
' . . . 2
the walls of <mmb, porous core, saturated by liguid, temparature jump
in the zone of evaporation and condensation, the thermal resistance

of fluid film above the porcus core iu the zone of coniensation and

finally the transport properties of porous core.

All parameters pointed out above, with the exception of the

S e—— e SRR it - e =~ — E T

i
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HH4
latter, characterize /process _hedat- and mass exchange within thermal
Ll ;
dq when the gradient of t&® temperature is presentyg as motive

Pz

power. The motive power or the transfer of liquid in capillary-porous

body is the gradient of capillar botential, which is formed in the
¥ & ’

presence of evaporation and condensation in the different parts of

lubea
the porous body. For low-temperature thermal <ba#s are characteristic
I’ 1
b

boundary conditions 3, 2 or 1 kind in the zone of condensation.

()
- 7 ™ ax J
The maximum value of whe heat output osmssaees transferred along

tule,

( is limited, on one hand, by the emergence of the crisis of

o e Ly
R S . an T :
bolllnq/‘)llquld 1in the pores of core, wiehkeapother ~\11mxtp'1 capacity
~
during the transfer of liquid on porous core under the action of the

gradient of capillary potential. Thermal ducts can work either in the
mode of the evaporation of liquid from the surface of porous body or

in the wmodeZeorddtieans of boiling.
Page—727.

Under conditions of weightlessness with heat removal by the

: ; : «
evaporation of liquid from the surface of un( tlat guslsmme porous core
H

& A ma
ofmeeas it is possible to find(fr)c;l forrula
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thet which was obtained on the basis of the fact that is observed the
equality

AP, = AP, AP,

K

in this case we assume that AP ~0.

the value of ¢, . during the emergence of the crisis of boiling

e Céph (
usually is k-;S't experimentally. Besides knowledge of Q,,, for
ibeo

low-temperature 4ewns, it is necessary to know their thermal

resistance or the temperature differential petween the external

surface of evaporatoriimpesieer and condenser goapacddss 1t the known

value Q.

&

let us examine process heat- and mass exchange in the

A

- oo e - T ottt e A RN, %3 AT TR S D
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tid.
evaporator lapogeser Of thermal dwes with flat mdemme porous core

(Fig. 4). Let us assume that the porous core has a thickness 5 and
width b, is isotropic and the heat exchange in it is raali zed by &

thermal conductivity and & convection.
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Fig. 4. Ged¥®relemcnt of e flat fbmee porous core of thermal +tube in
\

the zonre of evaporation.

s —— =

The properties of liquid and core are determined at the averajed from
the volume of cores temperature. Temperature jumps in the zone of
evaporation and condensation we disregard. Fluid film above the

porous core in the zone of condensation is absent.

For the «sd@element of flat#phdmsee porous core with a thickness
e o
6§ in the zone of wh® evaporation of thermal aPet, depicted aa Fig. U,

it is possible to write the following equations of heat balance:

(1) Bxoxn /2/) Buixon
’ 4 ’ 4 2l } Y
0 Fop o O; ¢ Qi"‘Ot Q- Qu Q-+
~1 1 5 S ies 1
' : i
r -+ dQ, + dQ, - dQ, (!.60)
‘7'(”)'( ’
/
o L dT
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