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A description is given of a simplified method of engineering calcula- 
tion of evaporating equipment based on the relationship between tem- 
perature head and heat transfer coefficient. 

In heat exchangers  in which the t e m p e r a t u r e s  of the 
media  taking par t  in the heat  t r a n s f e r  a r e  cons tan t  
(upon change in phase state) ,  the wel l -known re la t ion  

q = K A t = a L  2 A t L ~ - ~ a t 2 . a = a 3 . 4 A t 3 . 4  (1) 

ex is t s  between the overa l l  heat  t r a n s f e r  coeff ic ient  K 
and the total  t e m p e r a t u r e  d i f fe rence  At, and the total  
t e m p e r a t u r e  d i f ference  between the condensing s t eam 
and the boi l ing  liquid 

At = At1, ~ + At2, 3 + A t~,4. (2) 
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Nomogram for  d e t e r -  
min ing  the coeff icient  A (H in 

m e t e r s ,  t and At in  ~ C). 

The heat t r a n s f e r  coeff ic ients  for condensa t ion  and 
boi l ing may be desc r ibed ,  r e spec t ive ly ,  by the e m -  
p i r i ca l  f o r m u l a s  

~1,2 = C1.2A t~,2, (3) 

(z3, 4 = Ca,4 h t~,4. (4)  

By subs t i tu t ing  (3) and (4) into (1), we obta in  

A tl,2 : (KA t/Cl,~) 1/(~+i), 

A t ~ a :  6---KAt, 

A t3A = (K A t/C3,4) I/(v+l). (5) 

Because of (2) we may  wri te  

/ + - a t  = o. (6) 

Int roducing the notat ion 

x : 0 . 1 K  n for  K = 1 0 0 0 x  ~, (7) 

we may expres s  the f i r s t  two t e r m s  of (6), r espec t ive ly ,  
in the following fo rm:  

h tl, 2 = Ax 4, 
A t~, 3 = B x  3, 

where 

A = 10tA t4131-11131b~13. 

B = 10aA t 
i 

F or  nucleate  boi l ing,  in a g r e e me n t  with [2-4 ,  6] the 
following re la t ion  has been proposed by the author  

@{3,4 = 7 5 q ) / ) 0 . 6  A t324. 

Then the thi rd  t e r m  of (6) may be wr i t t en  in the fo rm 

h t~,~ = Dx, 

where 

D = 2.375 A tll3/~ U3 pU5. 

To de t e rmine  the coeff ic ients  A and D, nomograms  1 
and 2 (Figs. 1 and 2) cons t ruc ted  by the author  may 
be used. 

With the above notat ion,  and taking - A t  = E, Eq. 
(6) may be wr i t t en  in the following form 

Ax  4 + Bx 3 + Dx + E = 0. (8) 

The author  has drawn up two nomogr a ms  (Figs. 
3 and 4) for  solving this equat ion and f inding the o v e r -  
al l  heat t r a n s f e r  coefficient.  

To use  the n o m o g r a m  of Fig. 3, we divide (8) by 
the e x p r e s s i o n  - E  = At; we then obtain 

ax 4 + bx ~ + dx = 1, (9) 

where  

a = A/A t, b = B/A t, d = D/A t. 
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Fig. 2. Nomogram for determining the 
coefficient D (p in atm, At in ~ 

The n o m o g r a m  of Fig.  3 has been cons t ruc ted  for  
the cons tan t  va lues  b = 0.1, i . e . ,  for  a c lean  wall 
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Fig .  3. N o m o g r a m  for  d e t e r m i n i n g  the o v e r a l l  

heat  t r a n s f e r  coef f ic ien t  of evapora t ing  equ ip -  
ment  with a c lean  heat ing  su r f ace  (b = 0.1 - 0.5). 
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Fig .  4. N o m o g r a m  for  ca lcu la t ion  of a m u l t i s e c t i o n a l  f l uoso l id s  c l i n k e r -  
t ag  fu rnace .  The f i g u r e s  on the r ight  e l  the  c u r v e s  a r e  the  va lues  of n 

and those  on the  lef t  a r e  the values  of m. 
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without deposits. For walls with deposits, for b = 0.5, 

the nomogram also gives a good approximation. 

The coefficients a and d in (9) are determined from 
the values of A and D found from the nomograms of 

Figs. 1 and 2. From these values of a and d we find 

the point of intersection on the nomogram of Fig. 3, 

this corresponding to the desired value of x or K. 
By way of illustration we shall consider an example, 

the evaporation of a 9~ aqueous solution of NaCl by 

steam at a pressure of 2 arm (t I = 119.6 ~ C) in an evap- 

orating equipment with vertical tubes of length 2 m. 

The pressure in the steam compartment is 1 arm. The 

coefficient A, as determined from the nomogram of 

Fig. i, is 2.41. The coefficient D, as determined from 

the nomogram of Fig. 2, is 6.55; from these we cal- 

~'ulate 

a = A/A t = 2.41/18 ~ 0.134, 

d = D/A t 6.55/18 ~ 0.364. 

From the values of a and d thus determined we find the 

values x = 1.26 or K = 2000 kcal/m 2 �9 hr. ~ C on the 

nomogram of Fig. 3. 

A defect of the nomogram of Fig. 3 is that it per- 

tains to a constant value of b. This defect is avoided 

in the nomogram of Fig. 4, which operates for any 

value of b. 
To use the nomogram of Fig. 4, we divide (8) by 

the quantity A and obtain 

x ~ + ~ x ~ + ~ x = ~ .  

Fo r  the above example  

f$ = B/A = 0.746; ~ = D/A = 2.72; ~ = A t/A : -  7.46. 

On the n o m o g r a m  of Fig.  4, in accordance  with the 
condit ions of the example  cons ide red ,  we find the po-  
s i t ion of the curve  co r r e spond ing  to the value/3 = 

= 0.746, and of the straight line corresponding to the 

value ,~ = 2.72. Then on the scale to the left of the 

diagram we mark the value ~ = 7.46 on a "moving 
straight-edge," and, moving the straight-edge strictly 

vertically from right to left over the diagram, we find 

the distance between the curve p and the straight line 

d, equal to ~. In our example this is 7.46 arbitrary 
units. The distance may be plotted by means of a pair 

of dividers. The inters.ection of the vertical straight 

line corresponding to the distance between the curve 

13= 0.746 and the straight line~ = 2.72, equal to a = 

= 7.46, and the x axis gives the desired value of K 

directly. In our example this is K = 2000 kcal/m 2" 

�9 hr. ~ C. 

NOTATION 

CI,2, C~, 4 are the constants; H is the height of heat 

exchanger; b 0 is the coefficient incorporating the phy- 
sical properties of the condensate; q9 is the coefficient 

to take account of the physical properties of a liquid 

other than water; p is the pressure. Subscripts 1 and 

2 refer to steam; 3 and 4 to the boiling liquid. 
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