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An expression is derived for the enthalpy of  an incompressible turbulent liquid flow in a heated tube. The 
location of the boiling section is found in general form. 

We shall examine, in the hydraulic approximation, turbulent liquid flow in a straight cylindrical heated tube with 
a given linear heat flux density q --> 0, assuming that the parameters of the liquid are averaged over the cross sectionand 
that heat entering from the outside is propagated instantaneously. 

By boiling cross section we understand the cross section where the mean temperature of  the liquid is equal to the 
saturation temperature, disregarding a certain section where, in actuality, boiling takes place close to the wali [1]. 

The moment O, at which an element of liquid has the coordinate [ ,  is related to that parameter by the differen- 
tial equation 

d ~ = w ( ~ ,  0) d0.  (1) 

If at a certain moment  t the coordinate l of an element of liquid is assumed to be known, then the general solu- 
tion of (1) will contain l and t as parameters: 

0 = 0(~;  l, t). (2) 

These determine the moment at which an element of  liquid enters the tube: 

Oo = 0 (o; 1, t) - 0o (t, t). (3) 

The enthalpy of an element of liquid can be written in two forms: 

l t 

q(~,0) d ~ = i ( 0 ,  00) 4- q(~"q) dO, (4) i(l, t)=i(o, oo)+ 6(~,o) ~ ~(~,o) 
0 Oo 

where O0 is the function (3) and in the first of the integrals 0 is the function (2), while in the second ~ is the inverse of  
(2), and 

p(~, 0 ) =  p[i(~,  O), p(~, 0)1- (5) 

We will restrict ourselves to the case of  an incompressible fluid p = const. The velocity w = w(t) must be specified 
at the entrance to the tube. In this ease Eq. (1) is integrated in quadratures: 

0 t 

(6) 
00 Oo 

The second of equalities (6) gives 00 (l, t), after which the first gives ~ (0; l , t) and (4) assumes the form 

t 

i ( l ,  t ) - - i [ O ;  0o(I , t ) ] + - ~  q w(O)dO,  0 dO. (7) 

Oo(l,t) Oo ,t) 

For steady-state heating constant along the tube q = const: 

q It - -  oo (l, t)l. i(l ,  l ) =  i[0;  oo(/, t)]-t-- -~-p 
(8) 
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For steady-state flow w = const: 

/ 

i(l,  t) -- i / o ,  t - -  - -  

When q = const and w = const simultaneously, 

r~ 

l 

0 

(9) 

i(l' t)=i(O' t-- l ) 4 q G- (lO) 

and, f inally,  in the absolutely stationary case when the liquid entering the tube also has constant enthalpy,  

i (0  = i ( o ) +  q---t. 
G 

(11) 

The boiling cross section is determined by the condition 

i(l, t) = i' [p (1, t)], 

where i'(p) is a known function [2]. 

The pressure and ve loc i ty  of the l iquid in the tube are given by the system [3] 

(12) 

1 0 p c)w Ow ~, 
- w + + w 2 + g ,  

p Ol Ol ~ 2d 

0 (pw)+  0p O, p p(i, p) 
OI Ot 

(13) 

and the corresponding boundary and in i t ia l  conditions. 

In part icular ,  with p = const 

p(l, t ) = p ( 0 ,  t ) - - g l  0w -~- 2d 

where p(0, t), l ike  w(t), is specif ied at  the entrance to the tube. With w = const 

(14) 

P(I)---P(O)--pI( ~" w2+g) . . . .  . 

2d (15) 

Now condition (12), after substitution of (7) and (14), permits determinat ion of the boil ing cross section of the 
liquid, which in the general  case depends on t ime,  l = l (t), 

NOTATION 

l ,  [ - coordinates along tube; t, O - t ime; 00 - moment  at which e lement  of l iquid enters tube; G - mass flow 
rate; w - velocity; p - density; p - pressure; q - l inear  heat  flux density; i' - enthaIpy at  saturation line; d and S - in-  
side d iameter  and cross section of tube; g - project ion of vector  of  gravi ta t ional  acce le ra t ion  in direct ion of tube; k - 
coeff ic ient  of friction of tube. 
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