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CONTROL OF GAS GENERATION USING A GAS-REGULATED HEAT PIPE 

I. A. Zhvaniya, A. G. Kalandarishvili, 
V. A. Kuchukhidze, and M. Z. Maksimov 

UDC 536.24 

The authors have performed an experimental and numerical invvestigation of the tem- 
perature field along the wall of a heat pipe, to provide a data base for the opera- 
tion of gas generation control sensors for a gas-regulated heat pipe. 

To solve some problems in material behavior it is important to know gas generation pro- 
cesses in a field of nuclear radiation. The specific conditions of operation of nuclear 
reactors (high temperature, corrosive medium, radiation, etc) limit the choice of the method 
of measuring gas generation inside the active zone in the immediate vicinity of the take-off 
points [i]. 

A method of control of gas generation was proposed in [2, 3], using a gas-regulated heat 
pipe (GRHP). The noncondensible fission products are stored in a gas reservoir, increasing 
the gas pressure, the result being displacement of the vapor-gas front and variation of the 
vapor temperature. Consequently, by varying the wall temperature of the GRHP in the transport 
zone we can evaluate the amount of gas in the reservoir. 

However, to have a measured basis for operation of gas generation sensors using the GRHP 
we need to describe the temperature field along the GRHP mathematically as a function of the 
amount of noncondensible gas and the heater power. 

Considering the internal space of the heat pipe as a channel through which there is 
isothermal mass transfer, and postulating the existence of an ideal vapor-gas boundary, we 
can describe the temperature field along the GRHP wall by a one-dimensional mathematical 
model, accounting for heat transfer at the wall and the location of the vapor-gas boundary. 

We restrict ourselves to the case of low heat flux, when the vapor-gas boundary is lo- 
cated in the transport zone. Then the temperature distribution along the wall is described 
by the following system of equations: 

dZTw 
-- q'-{-~'C:v ( L  - - T ) ,  O<x<L1;  ( i )  

dx z 

%6 d2Tw 
-   v(rw-rv ) +  , ,V<x<L  + l; (2 )  

)~6 dZTw s(~ (Tm4ed__ 4 
- -  - -  Tm~d',, L1 --k l < x < La q- L2, 

dx2 . . . . . . . . .  ( 3 ) 

~,8 dZTw =r e.s (T w -- T~), L~ + L2 < x < L~ + L2 + L3, 
dx 2 ( 4 ) 
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Fig. i. Temperature pr9file over the height of a GRHP, eval- 
uated at constant supplied heat power (Q = 28 W): I) Pg = 6.66; 
W; 2) 2.66; 3) 0.66 Tr) Twl: is in K, and x is in cm. 

Fig. 2. Location of the vapor-gas boundary as a function of the 
pressure of noncondensible gas: i) Q = 28 W; 2) 35; 3) 45, T is 
in K. 

with the following boundary conditions: 

dTw I : O , { T  w } = 0 ;  / dTw: I 
dx ~=o ~',+~ t dx L=~:+~ = ~  

x= (Lf'~-L2 (L,~-L2 

Tw ];r = T ~,  

where {T},= = T~+ o -  Tx-o. 

(5) 

An estimate of the characteristic parameters shows that (%L.~/(~6) >> i (i = 1, 2,3). 
Therefore, the system (1)-(4) belongs to the class of singularly perturbed equations. Using 
the method developed in the work of Vasil'ev [4], we can write the solution of the system 
(1)-(4) in the form: 

Tw = Cl e-A'x q- D1 eA'(=-L') -]- T~wl~o, 0 < x  < L1; 

Tw e r a  -A~(x-Lt) I~ D2eA.[x--(L~+t)l ~(2) = ,-,~ T + 1~ ?o, L I < x <  Ll+l;  

Tw = C8 e-a"x --}- D8 e ~'x -}- 7"w, L1 + l < x < L1 -a t- L2; ( 6 )  

T = C~e -A'[x-(Lt+L')I --[-Dae A'[x--'(L~+L'+LD] -~ T~)o, 
W 

L x - - } - L ~ < x < L  1 + L~ + L3, 

(7) 

where T(i) are the limiting solutions [4]: 
WO . . . . . .  

T!lw)= T. -]- q , 
V (%C .V 

(% 'T, (2) - -  T v)  -}- e(~ z'r'(2)4 ,'r,4 , __ L~=-~0 i  -__ T ~, 
c.v( w:O (~%~.0 -- ~med) -- u, ~w. 0 -- 

and in solving Eq. (3) and constructing boundary functions for Eq. (2) we have linearized the 
corresponding equations and introduced the notation 

A~ = (%creed A2 = (%cv +(Z A 2 _ (%1 A 2 = (%co,_..__~ 

(% = ecT~, (%~ = 4e(~T 3, T = (Tv + Tin-e0 - ( T ~ d ~  Tr 
v 2 , Treed= 4~ 3 

(8) 

Satisfying the boundary conditions, we find the constants (see the Appendix). 

Substituting the solutions obtained into the condition for achieving the necessary heat 
removal 
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Lx+L2 L~-[-L2+Ln 

- -  Treed) dx -5 r , ~ j" (Tw - -  T~) dx = qLx, ( 9 )  E(~ j '  ( r  4 4 

L, L,-[-L, 

we o b t a i n  an  e q u a t i o n  r e l a t i n g  t h e  v a p o r  t e m p e r a t u r e  T v and  t h e  c o n d e n s a t i o n  l e n g t h  ~. 

F o r  a g i v e n  m a s s  m o f  n o n c o n d e n s i b l e  g a s  

m R T g  1 ( 1 0 )  
P g---- ~1, V res~- S (L 2 -5 L3 - -  l) ' 

where S is the area of cross section of the vapor channel. 

According to the condition of operation of the gas regulated heat pipe [5] 

P , g ~ P v ( T ) ,  ( 1 1 )  

and then simultaneous solution of Eqs. (9)-(11) determines T v and s and therefore Eqs. (6) 
describe the temperature distribution along the gas-regulated heat pipe. 

Thus, by measuring the wall temperature of the heat pipe in the transport zone (at a 
given heater power) and determining the length of condensation from Eqs. (7) and (9), we can 
determine the mass of gas from Eqs. (I0)-(ii). 

To verify the above method we performed experimental investigations of the temperature 
field along a GRHP at various levels of heater power and gas pressure. 

The basic characteristics of the experimental heat pipe are: total length of pipe 
0.235 m; length of evaporator 0.05 m; length of condenser 0.035 m; cross section of vapor 
channel 5.10 -s m2; thickness of pipe wall i.i0 -s m; and volume of gas reservoir 28.5.10 -6 m s. 
The pipe was made of type ChI8NilOT stain• steel, the heat transfer agent was cesium, and 
the the noncondensible gas was helium. The experiments were conducted for values of heater 
power of Q = 28, 35, 45 W, and the gas pressure was varied in the range 0.6-6 kPa. 

Figure 2 shows the temperature distribution along the GRHP, calculated from the above 
model, and Fig. 2 shows the location of the vapor-gas boundary as a function of the gas pres- 
sure at different levels of thermal power. 

The good agreement between the calculated (curves on Figs. !, 2) and experimental data 
(points) is evidence that the proposed method of control of gas generation, based on the model 
developed, is correct. 

APPENDIX 

D 3  = - -  

C 3 

C 1 0; Da A2 (Tw(l) ~ ,r(2) ~. 
A1 4-- A~ 

C2 At (T~[!0 - -  T(2) ~" = J W0) ,  
A1 + A 2  

-- (4) e--A~(L~+l) . _ A d A  2-5A 3)(Tmed-T w o) --A2(A~--A,)(T{w2)o - -  Treed) e -A ' (L '+z ' '>  

(A~ Jr A3) (As -5 Aa) e A~r 4- (A~ - -  Aa) (As - -  Aa) e - 4 ' r  

As (A s _~_ (2) - eAdL,+L,) A ~ "T. r. (4) ~ e A'(tl+l) A~) (T w0 - Treed) -5 A~ (A2 - -  sl t m~A 7- w-0J ; 
(A~ + A3) (A3 + A~) e A'(L'-0 + (A2 - -  A3) (A3 - -  A~) e -A ' r  

..., --Aa(Ll+l) naeAs(L~+l) n,, = ~3e -5 -5 ( ~ e d - -  T~)~ 

C~ = C8 e-A.{L'+L') -5 D3 eA"(L'+L') 7F (Tmled-- 1,$~(4) ),o1. ' 

NOTATION 

T w, T v, Tme d, Ts temperatures of the wall, vapor, surrounding medium, and cooling liquid, 
respectively; X, thermal conductivity of the wall; 6, wall thickness; ~w.v., ~w.s heat trans- 
fer coefficient for the wall-vapor and wall-liquid; E, emissivity; o, Stefan-Boltzmann coef- 
ficient; q), specific heat flux; LI, L2, Ls, length of the evaporator; transport zone, and 
condenser respectively; s height of the vapor-gas boundary in the transport zone; Pg, Pv, 
pressure of the gas and the vapor; Vres, volume of the gas reservoir; m, mass of the gas; Q, 
heater power. 
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METHODS OF COMPUTATIONAL THERMOGRAPHY IN THE NONDESTRUCTIVE 

TESTING OF THE QUALITY OF HEAT PIPES AND HEAT EXCHANGE 

DEVICES BASED ON THEM 

L. L. Vasil'ev, V. L. Dragun, S. V. Konev, 
and S. A. Filatov 

IDC 536.3:621.384.3:536.248:681. 
782.52 

In order to have a non-contact method of diagnosing the quality of heat exchang- 
ers, a scanning IR system has been developed and tested which records and anal- 
yzes the characteristic IR radiation of the heat exchanger under steady-state 
or transient conditions. 

At present devices based on heat pipes have found applications in various technical 
fields. By making it possible to transfer large quantities of heat at high efficiency and 
with minimum losses and transforming heat flux densities over a wide range of temperatures 
they have successfully replaced more traditional constructions. To a considerable extent, 
the economics of heat pipe devices and the probable fields of their application are deter- 
mined by their reliability, which depends both on the design itself of the heat pipes and 
also on the quality of their construction. As the mass construction of heat pipes has devel- 
oped and their designs have become more complicated, the problem of checking the parameters 
(temperature conditions) of heat pipes both in the construction stage and in the period of 
use has assumed increasing importance [i]. 

The use of non-contact methods of IR diagnosis using thermographic systems for non- 
destructive testing ensures a high efficiency of the measurements with respect to time, space, 
temperature resolution, and reproducibility. An important extension in the functional pos- 
sibilities of the IR imager as a measuring device was achieved by digital treatment of the 
infrared images which are obtained by the use of a computer operating in an interactive mode. 

In the investigations which have been carried out to develop a method for testing the 
quality of heat pipes, use has been made of an automated system based on the TV-03 infrared 
imager which makes it possible to achieve a temperature resolution of at least 0.2 K at a 
level of 300 K. The determination of the absolute value of the temperature from the measured 
electrical signal of the photodetector U is carried out by means of the polynomial 

Y = ~ C~U ~, ( 1 ) 
i=O 

t h e  c o e f f i c i e n t s  C i o f  wh ich  a r e  c a l c u l a t e d  f rom t h e  known s p e c t r a l  c h a r a c t e r i s t i c s  o f  t h e  
o b j e c t ,  t h e  IR i m a g e r ,  and  t h e  a t m o s p h e r e  [ 2 ] ,  o r  a r e  d e t e r m i n e d  d i r e c t l y  i n  t h e  c o u r s e  o f  
t h e  e x p e r i m e n t  f rom r e s u l t s  o f  c o m p a r i s o n s  w i t h  d a t a  f rom c o n t a c t  m e a s u r e m e n t s  t o  an a c c u r a c y  
o f  a b o u t  1 K. 

The i s o t h e r m a l  n a t u r e  o f  t h e  t e m p e r a t u r e  d i s t r i b u t i o n  o v e r  t h e  c o n d e n s i n g  zone  o f  a h e a t  
pipe is a criterion for its ability to operate efficiently at the corresponding thermal load 
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