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Horizontal Two-Phase Flow Across 
Tube Banks 
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Improved equations for predicting two-phase pressure drop in horizontal flow of two-phase matures 
across tube banks are presented. 
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NOTATION 

Coefficient in equation (1) 
Tube outside diameter 
Pressure gradient for two-phase flow 
Pressure gradient if total mixture flows 
as liquid 
Froude number if all mixture flows as liquid 
Mass velocity 
Number of tube rows normal to flow 
Blasius exponent 
Term given by equation (16) 
Reynolds number if total mixture flows 
as gas 
Reynolds number if total mixture flows 
as liquid 
Gas velocity 
Specific volume of gas 
Specific ,volume of liquid 
Lockhart-Martinelli parameter 
Mass dryness fraction 
Ratio of gas to total cross-sectional area 
(void fraction) 
Physical property coefficient, equation (5) 
Friction factor corresponding to Redo 
Friction factor corresponding to ReLo 
Absolute viscosity of gas 
Absolute viscosity of liquid 
Density of gas 
Density of liquid 
Two-phase multiplier, equation I~ I 
Two-phase multiplier, equation 
Parameter defined by equation (12) 
Term defined by equation 1222 { 
Term defined by equation 

1 INTRODUCTION 

Two-phase flow across tube banks occurs in condensers, 
boilers, mist flow coolers, and similar types of equip- 
ment. A review of modern design methods for predicting 
the pressure gradients in these conditions is given in 
reference (1). In this note equations are developed which 
significantly improve the accuracy of prediction over 
existing methods. 
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2 THE BASIC EQUATION 

The equation used in a number of papers (2-4) for 
predicting two-phase pressure gradients is 

DpF = ~I~2L O -~  1 + (F 2 - 1) 
DpF, LO 

X {Bx(2-n)/2(1 - x) t2-")/2 + X 2-~} (1) 

where B is a coefficient which is either obtained from 
experiment or derived from theory. The Blasius expon- 
ent, n, is evaluated from 

~'LO [ Rec, o i" 
= ~ ReL----o ! (2) 

where the Reynolds numbers are defined as 

ReGo = GD/#G (3) 

ReLo = GD/# L (4) 

and 2c, o and 2LO are the corresponding friction factors. 
The physical property coefficient is 

F2 = ~'GO VG (5) 

2LO VL" 

3 THE B COEFFICIENTS 

The zero interface shear model (5) can be approximated 
(6) by 

22-n - 2 
B = r + ~  (6) 

and the 'pseudo-homogeneous' equation (7) 

t (VLI  1/2 (VGI1/21 1 1 
~ L  = 1 + - -  + + (7) 

by (3) 

For the condition n = O, homogeneous theory is given 
by 

B = (9) 
in equation (1), which is consistent with equation (8). 

In reference (1) the authors recommended for hori- 
zontal crossflow the following: 

Spray and bubbly flow B = 0.75 (10) 
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Stratified and stratified spray B = 0.25. (11) 

For convenience we introduce the parameter (8) ~, such 
that 

~2F, L O -  1 
F 2 - 1 = ~b (12) 

and note that equation (1) can then be written 

= Bxl2-.)/2(1 _ x)~2-.)/2 + x2- .  03  ) 

4 AN IMPROVED PROCEDURE 

Analysis of the available data (4) has shown that over a 
considerable range of conditions 

d/= Rx 2-" (14) 

where 

50 (15) R =  1"3 + ~ g  

The units of G are kg/m 2 s. Making the equation dimen- 
sionless in terms of an all-liquid Froude number gives, 
taking the tube diameter (19.1 mm) as the characteristic 
length, 

R = 1-3 + 9"45FrLo. (16) 

Where equations (14) and (15) give values of q/in excess 
of equations (6) and (13), the former should be used; and 
where equations (14) and (15) give values of ~b in excess 
of equations (8) and (13), the latter should be used. 

Figure 1 illustrates the comparison with experiment. 
Further experiments are required to justify the use of 
equation (8) (with (13)) as the upper envelope, though 
from Fig. la  it can be seen to be applicable at high values 
of dryness fraction. Meanwhile in practice it should give 
a conservative (i.e., excessive) estimate of pressure drop. 

The range of application of the equations is shown in 
Table 1 in terms of the following dryness fractions. 

From equations (6), (13), and (14) 

1 

= 1 - t (17)  + _ 1) 2/(2-n) 

and from equations (8), (13), and (14) 

1 
x2 - (18) 

5 GENERALIZING THE FORMULA FOR R 

An approximate formula is now obtained for the effects 
of the number of tube rows and physical properties. 

Table 1 

Range of Application of Equations 

Dryness fraction x Equations 

x < Xl (6) and (13) 
xl < x < x2 (14) and 06) 

x >  x2 (8) and 03) 

Assuming xa is a function of the vapour kinetic energy 
and the amount of separate liquid (there is no entrain- 
ment at xx) then for a particular xl 

UGD 1]2 = UGrYGr"l/2 (19) 

where the subscript r indicates characteristics in the 
reference tests quoted above (Nr = 4), and 

(1 - = (1 - x , ) G ,  N r .  (20) 

This assumes the flow area is proportional to the 
number of tube rows normal to flow. 

The vapour-phase continuity equation is 

xG = Uoo~po. (21) 

Define f~ = 0t(PG) 1/2 (22) 

N f l  
and o9 = x + (1 - x) - -  -- (23) 

Nr fir 

then from the above equations 

x 
Xr = -- (24) 

O9 

Gr = Gog-~. (25) a n d  

As the gas kinetic energy is the same the pressure gra- 
dient will be approximately constant 

DPr.LOr{1 + (F 2 -- l)~b~} 

= DpF.LO, {1 + (F 2 - 1)~k}. (26) 

r )  r Gr Po (27) Hence q', z q'r 

assuming that F 2 is large compared to unity, any varia- 
tion in F 2 is due to density change, and the following 
term is negligible. 

From equations (14), (16), (22), (24), (25), and (27) 

" (28) 

The analysis assumes stratified flow; for that reason it is 
only valid at higher void fractions. It is recommended 
therefore that the void fraction ratio in practice is taken 
as unity (this may overestimate the pressure drop). Also 
it is unlikely that the approximate nature of the analysis 
warrants inclusion of the small density ratio term giving 
finally 

R = 1"3 + 9"45FrLo co . (29) 

At smaller values of dryness fraction, noting that N, = 4, 
this reduces to 

R = 1"3 + 0"59FrLo N2. (3o) 
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6 CONCLUSIONS 

Table 1 summarizes a system of equations which give 
improved correlation of data for two-phase pressure 
drop in horizontal flow across tube banks. 
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