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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 temperatures of the
media taking part in the heat transfer are constant
(upon change in phase state), the well-known relation

A
g=KAt=u0a4, Afl,zz_(s‘Atz,:a:as,';AfsA (1)

exists between the overall heat transfer coefficient K
and the total temperature difference At, and the total
temperature difference between the condensing steam
and the boiling liquid

At=AbL,+At,3-+AL, 2)
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Fig. 1. Nomogram for deter-
mining the coefficient A (H in
meters, t and At in ° C).

The heat transfer coefficients for condensation and
boiling may be described, respectively, by the em~
pirical formulas

U0 = Cy oAt 3
Q34 = C3,4At§,4. “)
By substituting (3) and (4) into (1), we obtain
Aty , = (KAL/C, @D,
Alyy= % KAt
Aty = (K ALCy ). (5)

Because of (2) we may write

(K_A_t)l/mw N —%KAH- (M)”(””_M _ 0. ()

Cl,z 3,4
Introducing the notation

x=0.1K" for K = 10004, (7N

we may express the first twoterms of (6), respectively,
in the following form:
Aty = Axt,
Aty 5= Bx?,
where
A = 10*A £ H P bg,

B=103At2%-

For nucleate boiling, in agreement with [2—4, 6] the
following relation has been proposed by the author

U= T5@p"S At 4.
Then the third term of (6) may be written in the form

At;, = Dx,
where
D =2375At"%p' % p'5.

To determine the coefficients A and D, nomograms 1
and 2 (Figs. 1 and 2) constructed by the author may
be used.

With the above notation, and taking —At = E, Eq.
(6) may be written in the following form

Ax* +Bx* L Dx+ E =0. (8)
The author has drawn up two nomograms (Figs.
3 and 4) for solving this equation and finding the over-
all heat transfer coefficient.
To use the nomogram of Fig, 3, we divide (8) by
the expression —E = At; we then obtain
ax* b Ldx =1, (9)
where

a=A/At, b=DB/Atl, d=D/AL

D,y £ at
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Fig. 2. Nomogram for determining the
coefficient D (p in atm, At in °C).

The nomogram of Fig. 3 has been constructed for
the constant values b = 0.1, i.e., for a clean wall
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Fig. 3. Nomogram for determining the overall
heat transfer coefficient of evaporating equip-
ment with a cleanheating surface (b = 0.1 — 0.5).
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Fig. 4. Nomogram for calculation of a multisectional fluosolids clinker-

ing furnace

. The figures on the right of the curves are the values of n
and those on the left are 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 atm (t; = 119.6° C} in an evap-
orating equipment with vertical tubes of length 2 m.
The pressure in the steam compartment is 1 atm. The
coefficient A, as determined from the nomogram of
Fig. 1, is 2.41. The coefficient D, as determined from
the nomogram of Fig. 2, is 6.55; from these we cal-
culate

a—=A/At=2.41/18 =0.134,
d = D/At = 6.55/18 — 0.364.

From the values of a and d thus determined we find the
values x = 1.26 or K = 2000 kecal/m? - 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

PLp+ox=e.
For the above example

p=B/A=0.746, ¢ =D/A=2712; e=Al/A=T7.46.

On the nomogram of Fig. 4, in accordance with the
conditions of the example considered, we find the po-
sition of the curve corresponding to the value g =

435

= 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 8 and the straight line
¢, equal to e. In our example this is 7.46 arbitrary
units. The distance may be plotted by means of a pair
of dividers. The intersection of the vertical straight
line corresponding to the distance between the curve
B-=0.746 and the straight line # = 2.72, equal to € =

= 7.46, and the x axis gives the desired value of K
directly. In our example this is K = 2000 kcal /m?-
hr.° C.

NOTATION

Cy,2, Cs,q are the constants; H is the height of heat
exchanger; b is the coefficient incorporating the phy-
sical properties of the condensate; ¢ 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 liguid.
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