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Flow Split Relationships in Two-
Phase Parallel Channel Flows 
The observed flow combinations through the channels were: cocurrent upflow in 
both channels, cocurrent upflow in one and countercurrent flow in the other 
channel, and cocurrent upflow in one and single phase liquid downflow in the other 
channel. The flow regimes in each channel varied from churn-turbulent, through 
anular flow, to chugging counter-current flow, as the flow conditions were varied. 
It was observed that the flow combination obtained was history dependent. 
However, for given flow combinations, certain flow split relationships were 
established. With both channels in cocurrent upflow, the flow quality into each 
channel was approximately the same as the flow quality in the lower plenum at the 
flow split elevation. For the other flow combinations, a simple relationship between 
the void fractions at the bottom of the channels which had two phase fluid, and the 
average void fraction and vapour flux in the lower plenum at the flow split 
elevation, was established. 

Introduction 

In the analysis of the thermal-hydraulic response of a 
Nuclear Reactor (BWR or PWR), during loss of coolant 
accidents, it is necessary to know the phase flow rates through 
each bundle so that an accurate fuel cladding heat-up tran
sient can be calculated. A similar need is encountered in 
process industries when a two-phase mixture flows from a 
common inlet header (plenum) through multiple parallel 
channels, to a common exit header. The flow rates through 
each channel will depend on the homogeneity of the inlet 
flows, the pressure drop characteristics of the channels, and 
the conditions of energy and mass transfers inside the 
channels. If the inlet flow is homogeneous and the channel 
conditions are identical, then the phase flows may be assumed 
equally split among the channels. Generally, this is not the 
case, and an involved model is required to calculate the 
different flows. 

Figure 1 shows a possible flow configuration for a set of 
vertical, parallel dissimilar channels. The configuration shows 
some channels in cocurrent upflow, and others in coun
tercurrent flow or single phase flow at the bottom entry. 
There is an equally mixed flow mode at the top exit of the 
channels. Obviously an equal flow split among the channels 
cannot be assumed. If the channels and plena are assumed to 
be one dimensional flow paths in which pressure variations 
across a given elevation are negligible, then it may be assumed 
that the pressure drop across each channel is the same. This 
gives a set of equations for determining the phase flows into 
the channels. Additional equations are obtained from the 
conservation of mass and energy. 
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It can be shown that a total of (57V + 1) equations will be 
obtained from the above relationships, in terms of Wg0, Wp, 
P, Qi, wb

Sh Wf,> Wgi, Wfi, AP,, and 6,. TV is the total number 
of channels. With IFgo, Wyt),P, and Q, as the known 
quantities, there are 67V unknowns. The additional TV-1 
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Fig. 1 Parallel channels with mixed mode flow 
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Fig. 2 Sketch 

equations required can be supplied by specifying relationships 
between the liquid and vapor flows at the entries or exists to 
(N— 1) channels. Since these relationships are usually not 
known in the general case, and there's a high degree of un
certainty as to their assumption, an experimental programme 
was therefore set up to determine them. 

Some Relevant Previous Work 

Eselgroth and Griffith [1] studied the steady state flow 
configurations for five parallel tubes, using freon and blocked 
plena inlets. The authors, as in this paper, observed cocurrent 
up flow and countercurrent flow in the tubes. They concluded 
that cocurrent downflow was not possible. This conclusion 
may not hold in all cases. Countercurrent flow limitation 
(CCFL) at the upper orifices of some high power channels, or 
the introduction of subcooled liquid into some vapor filled 
channels, during a reflood transient, may cause most of the 
reflood liquid to flow down a few channels. The resulting high 

9RADUATED 
3KSHT GLASS 

of test loop 

DRAIN FILL LINE 

liquid velocities may cause transient cocurrent downflows. 
The effects of liquid subcool on parallel channel behaviour 
was studied in reference [2]. 

Reference [3] demonstrated that single tube data could be 
used to predict burnout, flow reversal points, and single phase 
liquid flow rates into a five channel array, with blocked inlets. 
There was no need for phase split relationships. Reference [4] 
presented a model for calculating two phase flow split 
transients (including flow reversals) for parallel channels. 
Single tube pressure drop correlations, as well as history 
dependent phase split relationships, were used. 

The Experiment 

The objectives of the test were therefore, 

{a) to determine the relationship(s), if any, between the two 
phase flow in the lower plenum and the phase flows at the 
bottom entry into the channels. 

p 

w 
8 

Q 
X,x 
</>, a. 

h'hfg 

A,a 
Q 

= pressure bar 
= flow rate kg/s 
= vapor generation rate 

kg/s 
= heat addition rate kW 
= quality 
= void fraction 
= enthalpy; enthalpy of 

evaporation KJ/kg 
= flow area m2 

= void distribution 
parameter 

8 = 
/ = 

fO = 
go = 

hpt, HPT = 

lpt, LPT = 

ch = 
lp = 

vapor phase 
liquid phase 
total inlet liquid 
total inlet vapor 
high power tube -
9.5mm inlet orifice 
low power tube -
6.4mm inlet orifice 
channel 
lower plenum 

with 

with 

Vgj = slip velocity m/s 
G = mass flux kg/s - m2 

Re = Reynolds number 
p; a = density kg/m3; surface 

tension N/m 
A = finite change in given 

quantity 

Subscripts and Superscripts 

/, 1, 2 = channel identifier 
b;t = bottom; and top of 

channel, respectively 
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(b) to determine the effects of test section power levels and 
power ratios, and methods of establishing the flows, on the 
relationship(s). 

Test Loop. The test loop is sketched in Fig. 2. The loop 
includes a low pressure steam generator rated at 8.3 bar and 
0.0378 kg/s. The steam passes through a pressure regulator, 
which maintains the downstream pressure at a preset value of 
1.38 - 1.41 bar. It then flows into the steam side of the lower 
plenum flow distributor. The steam mixes with water in the 
upper region of the lower plenum, above the distributor, and 
the two phase mixture splits into the parallel tubes at phase 
ratios which depend on the flow conditions. In the upper 
plenum, the vapor flows around and over an inverted cup, 
which prevents liquid carry-over, before being exhausted into 
the atmosphere. The water returns through the drain line. 

The water loop is a quasi-closed circuit, with make up water 
from the storage tank. The 33 Vi kW capacity preheater is 
used to bring the water to saturation before it flows into the 
upper or lower plenum, as required. Water, introduced into 
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Fig. 6 

the lower plenum, passes from the water side of the lower 
plenum flow distributor into the mixing region. The return 
flow from the upper plenum passes from the return pump 
back to the preheater. There is also a 0.283m3 external 
collection tank, used in some experiments to measure the net 
amount of water draining from the channels into the lower 
plenum. 

The test sections are two 5220mm long x 25.4 mm od x 
23.6 mm id stainless steel tubes, instrumented as shown in Fig. 
3. They can be electrical-resistance heated over approximately 
3505mm of their lengths. Each tube has a 1219mm long visual 
section made of 23.6mm id pyrex tube, between the QCV's. 
The restriction at the bottom entry of the HPT is a 9.5mm 
square-edge orifice, and that for the LPT is a 6.4mm orifice 
of similar design. At the top exit of each tube is a 4-hole x 
7.6mm orifice. 

The four 25.4mm Jamesbury ball valves, which form part 
of the Quick Closing Valve system, are designed to close or 
open simultaneously. The closing time for the test was 13-14 
milliseconds (actuator air pressure of 7 bar). A plot of air-
pressure vs closing time is shown in Fig. 4. When actuated, the 
valves trap the fluid between them. After stratification the 
volume of liquid trapped between the QCV's, and hence the 
average void fraction between the valves, can be measured. 

The outputs of the measuring instruments, in millivolts 
(except for the rotameters and pressure gauges) were recorded 
on a Dymec data acquisition system, and appropriately 
converted to actual units using the instruments caliberation 
curves. 

The Mixing Region. The plan of the lower plenum, 
sketched in Fig. 5, shows the mixing region. It is a 50.8mm 
wide x 242.9mm deep section, running diametrically across 
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Table 2 Results for tests of Table 1 

Run Number 38 39 40 3000 3024 1001 1004 
tfg*103 H P T 5?71 4^95 5^66 LVJ 5J0 4\94 4~J~\ 

kg/s LPT 0.0 0.81 0.0 0.08 0.84 0.69 0.0 
W/W HPT 247.6 Tfl, 232.1 272.2 32JS 29J V8J 

kg/s LPT - 2 4 7 . 6 - 2 7 . 6 - 2 3 2 . 1 28.0 14.9 - 2 9 . 5 - 5 2 . 4 
a between H P T ^8055 7956 .8049 ^6545 .9499 7)552 .9597 

QCV's LPT 0.0 .780 0.0 .6545 .9123 .7605 0.0 
Inlet H P T 7623 J~52 7)24 76o43 7T41 .1436 .2048 

Quality LPT 0.0 - 0.0 .003 .0535 - 0.0 
Lower Plenum a .4301 .4574 .4217 7l85 7505 .4452 .4162 

(top) X .004 .115 

J j _ H P T 1.08 1.13 1.13 3.50 0.92 1.19 1.35 

(ach at inlet) LPT - 1.19 - 3.22 0.86 1.25 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ _ _ _ _ 

Table 1 Sample test matrix 

Run WgQ WJQ T P l p Ptest 
number *103kg/s *103kg/s Test Atm bar section 

(net) procedure °C bar 
HPT LPT 

Gradual 
38 0.0 0.0 5.71 0.0 introduction 26 1.72 0.38 

of vapor 
Sudden 

39 0.0 0.0 5.76 0.0 introduction 26 1.48 0.096 
of vapor 
Gradual 

40 1.878 1.0 5.66 0.0 introduction 26 1.79 0.34 
of vapor 
Gradual 

3000 3.612 2.025 1.25 300.26 introduction 23.9 1.97 0.35 
of liq. and 
vap. in LP 

3024 3.60 1.975 6.14 47.14 __•<:_ mi 23 9 , 67 Q 24 

3000 

Gradual 
1001 1.806 1.0 5.56 0.0 introduction 23.9 1.53 0.08 

of vapor 
Same as for 

1004 1.758 1.0 4.82 -33.73 1001 with 23.9 1.57 0.165 
net liquid 
down flow 

the lower plenum. Liquid and vapor are introduced, through 
uniform distribution holes, into the bottom of the mixing 
region, and they flow out through the channels at the top of 
the region. 

Flow Distributor. The two types of flow distributors used 
are shown in Fig. 6. The vapor hole size for type 1 (Runs 10 to 
1012, and 3000 to 5026R) can be altered, using the movable 
plate. Type-2 (for Runs 1013 to 2017 and 9015) is a simple 
tube with holes drilled on its upper side. 

Further details of the test section may be found in reference 
[5]. 

Experimental Procedure. In the tests, saturated vapor was 
always supplied to the lower plenum. Saturated liquid was 
supplied either to the lower plenum or to the upper plenum. In 
the former case, net cocurrent flow through the channels, 
were established. In the latter, net countercurrent flow or net. 
zero liquid flow (liquid downflow in one channel = liquid 

upflow in the other channel) was established. For liquid 
supply to the upper plenum, the external collection tank was 
used to measure the net liquid downflow. 

With the net liquid down flow as zero, the method of in
troducing the vapor was varied. In some of such runs, the 
vapor flow rate was gradually increased to the desired value. 
In others, the QCV's were closed while the vapor was in
troduced into the lower plenum. The lower plenum was thus 
pressurised. The QCV's were then opened, so that vapor was 
suddenly introduced into the channels. The flow rates were 
allowed to stabilize before data were taken. 

At steady state, the transducer outputs were recorded on 
channels 1-62 of the Dymec over many cycles. The average 
values over the cycles were used. Pressure gauge and 
rotameter readings were manually taken. From these data, 
total liquid and vapor flow rates, test section powers, inlet 
void fractions, qualities, pressures, and pressure drops were 
calculated. 

The tube/QCV system was calibrated for void/quality 
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relations in cocurrent and counter-current flows, with one 
tube operating at a time. 

Test Matrix. The flows and heat inputs varied within the 
following ranges: 

WgQ: 1.26-129.8* 
0-472.5*1(T3 kg/s 

(T 3 kg/s ; Wf0: (downflow) 

Qhpl: 0 -20 .7KW; WN\ (upflow) 0-504.9* 10~3 kg/s 

Qlpt: 0-5.2KW;Ghp./Gip l : 1-1.8 

The test matrix for some representative tests is shown in Table 
1, with the corresponding results shown in Table 2. 

Data Reduction 

Void Fraction and Flow Quality. The average void fraction 
between the QCV's is given by 

Volume between QCV's - Volume of liquid trapped ,,. 
Volume between QCV's 

If the flow is fully developed and there is negligible flashing or 
condensation of vapor between the QCV's, then the value of a 
given by equation (1) is also the value of the constant a 
between the QCV's. 

Using Latzko's [6] expression for onset of fully developed 
turbulent velocity profile in single phase flow, (equation (2)), 
but with a two phase flow viscosity given by equation (3), 

Z/D = 0.693 Rev' (2) 

^ l o a -t> Iff 0\ - ® 
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Fig. 9(a) All channel inlets and lower plenum in cocurrent up flow 
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P = XHg+(l-x)iif (3) 

the largest Z/D for fully developed flow in the experiments 
was approximately 10. Allowing for an underestimate of 50 
percent by equation (2), the value becomes 20. This gives a 
developing length of 472 mm. The length of tube between the 
lower plenum and the lowest QCV was 305 mm, or 13 
diameters. Thus at highest flow rate, length of developing 
flow extending into the pyrex tube was 167 mm, or only 14 
percent of the length of the pyrex tube. The flow was 
therefore assumed fully developed, or nearly so, at entry to 
the pyrex section. 

The measured a corresponded to the actual a somewhere 
between the QCV's. Changes in vapor flow rate between the 
QCV's, though small, arose predominantly from gravity 
pressure changes. For a given test, this was approximately 
linear with height. For small changes in x and a, a would also 
vary approximately linearly with height. The measured 
average void fraction was therefore assumed to correspond to 
the actual a at the midpoint of the pyrex tube. Errors from 
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this assumption on the corresponding values of x were 
calculated and found negligible. 

Flow quality, Wg/(Wg + Wf), at entry to the channels 
differed from those within the pyrex tube, principally as a 
result of throttling at the inlet orifices. An energy equation 
between lower plenum and the midpoint of the pyrex tube was 
written to correct for the effects of pressure change, potential 
and kinetic energy changes and heat losses. The effects of the 
last three factors were very small. 

Flow Split With Both Channels in Cocurrent Flow at Inlet. 
The phase flow rates, Wg and W} at entry to each channel 
were determined using the mass conservation equations for 
liquid and vapor at lower plenum/channel boundary, void-
quality relationship given in equation (4) and obtained from 
caliberation data, and the energy equation between the lower 
plenum and the midpoint of the pyrex tube for each channel. 

V o„ V2.649a/ / 
(4) 

Equation (4) is shown in Fig. 7. 

Flow Split With One Channel in Cocurrent, and the Other 
in Countercurrent, Flow. The equations were the same as 
those for both channels in cocurrent flow, except that for the 
counter-current channel, the drift flux void fraction equation, 
with the parameters C0 and V^ given by the Dix correlation, 
equation (5) and reference [7], replaced equation (4) 

Q = 1.0+/ l(5)*/3(a)/(l+Re/4.11*105)*) 

Vgi = 2.5 f0(p) 

for 0 < a < a2 

K&- = (2.5+/4(Re)(a-a2)/0.1)*/0(p) 

for a2 < a < a2 +0.1 

V* = Xg( l -a)*/oO>)---

fo ra 2 +0.1 < a < 1.0 

where 

5 = pg/Pf 

MP) = (go(pfPg)/pj)'A 

ct2 = 0.625 + 0.15 exp(-Re/1.12* 105) 

ft(5) = 0.5 for r3<<1.0 

(56) 

(5c) 

(5d) 

(5e) 

(5/) 

(5g) 

(5/*) 

&i-sir) 

-^~r 

4 Hlgb M/mr Tetesl HPT & es-earresJ U» Flaw ®Hfc 
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Fig. 12 Comparison of flow split data with equation (34) (1te|p - 1/aCh) 
versus (pgVgj/Gg)L p 

Ks = (2.5+/4(Re))S' /V(0.9-a2) 

/ 3 (a ) = 1.0 for a < a i 

= ( 1 . 0 - a ) / ( 1 . 0 - a , ) f o r a > a , 

a, = (5/6)*/, (5)/(l+Re/4.11*105)' /2) 

(50 

(57) 

(5*) 

(50 

/4(Re) = 0 .9 (1 - (Re/2.01 *105)) Re<2.01*105 (5m) 

= 0.0 Re>2.01*105 (5«) 

The above correlation was developed for cocurrent flow. 
However, by using the absolute value of the Reynolds 
number, the equation was found to correlate data for 
chugging counter-current flow well, as shown in Fig. 8. The 
countercurrent flow regime in the tests were of the chugging 
type. 

Flow Split With One Channel in Cocurrent Flow, and the 
Other in Single Phase Liquid Downflow. The equations were 
the same as for the previous flow split cases, except that for 
the channel with single phase liquid, Wg = 0. 

(5o) Analysis 

A simple flow split relationship can be developed for the 
case in which both the lower plenum and all the channels are 
in cocurrent upflow. Figure 9(a) illustrates such a case. The 
flow is assumed homogeneous in the lower plenum. If X0 and 
PQ are the quality and pressure in the lower plenum at the flow 
split elevation, and Xx, Pu X2, P2 are the qualities and 
pressures at entries to the respective channels, then at steady 
state, 

Xr, h f„n + h m + K0"fgO to' 2/ 
--X\hfg\+hA 

(6) 

If P , ^ P2 - P0 and kinetic energy changes are negligible, 
then 
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*i=*2=*o (6«) 
The flow split relationship for this flow situation becomes 

*ch=*iP (66) 
Figure 9(b) illustrates the more complicated case in which 

one channel is in cocurrent upflow while the other is in 
countercurrent flow, at their inlets. The inlets of both 
channels are submerged in the two phase fluid in the lower 
plenum. 

Let Wgh Wf, be the vapor and liquid flows through a channel 
entry. 

a, = Channel flow area at entry 
Aj = Cross sectional area of the stream tube, in the 

lower plenum at the flow split elevation, through 
which the flows Wgi and Wfi pass, 

a,, </>, = average void fractions over a,and Ait respectively 

From the drift flux equations: 

«,- = « V (c0i (wg, ± Wj, f*L ) +aiPgi V^ 

*/ = Wgi/(ci, (Wti ± Wfi ^ - ) +A,p'gl V^ 

(the primed quantities refer to values at A,) 

and making the following assumptions: 

(a) Dynamic pressure heads are negligible, i.e., P, = P[ 

(b) C0=Ci(c)V, 

(7) 

(8) 

• • - V-
gjl SJl 

Then 

Ck, 1 ± w, n 
w. si Pf> 

W„ Pi 
w$i Pn 

_L = Pgj v'm 
a, WgilA, • - ) 

A,) 

(9) 

(10) 

(11) 

If, as in many cases of practical application, a-, < < Ah then 
equation (11) becomes 

1 _ 1 

<£/ a, 
Pgi sJi 
WgllA, 

(12) 

Equation (11) has the correct limit as a, approaches At. If we 
assume that both the void fraction and the vapor flux are 
uniform across a given elevation in the lower plenum, then 

4>j — «ip at the flow split elevation (13) 

Wgi/Ai=(Wg/A)ip" " " (14) 

When the void distribution over a lower plenum elevation is 
uniform, equations (13) and (14) are compatible. Such a 
situation is approximated during bulk vaporization in the 
lower plenum of a nuclear reactor which is undergoing a 
depressurization transient, or when all the channels and the 
lower plenum are in cocurrent flow or countercurrent flow. If 
some channels are in cocurrent flow while others are in 
countercurrent flow at their inlets, the two equations are not 
compatible. However, for computational reasons, we may 
assume the two equations to hold. Equations (11) and (12) 
then become 

1 

«iP 

1 (ps
y
si\ 

\ G ) \ 
(16) 

where lower plenum values are calculated at flow split 
elevation. When a, < <Ah as will be the case if the channel 
inlet area is a significant proportion of the total lower plenum 
cross-sectional area at the flow split elevation, then equation 
15 will be used, and the ratio aJA, must be estimated. An 
estimate for the ratio is obtained by assuming that 

A M i p = » , / £ » , 

• ' • ^ / = ( l > , ) M | p 

(17) 

(18) 

Results 

Test results for the matrix of Table 1 are shown in Table 2. 
The flow split data for both the channels and the lower 
plenum in cocurrent upflow are plotted in Fig. 10 and 11, for 
the HPT and LPT. Equation (6b) is seen to represent the data 
well, within experimental errors. 

Figure 12 shows a plot of (l/ct\p - l /a c h) versus 
(pg Vy/Gg)^ for all the flow split combinations observed. 
Within the channels themselves, the observed flow regimes 
were churn-turbulent or slug or anular for cocurrent flow, 
chugging countercurrent flow, or single phase liquid 
downflow. Channel inlet void fractions when in coun
tercurrent flow, Vgj and lower plenum void fractions were 
calculated using the Dix correlation (equation (5)). The figure 
also shows a comparison of the data with equation (16). The 
data are biased to one side of the equation, but nevertheless, 
the comparison is quite good. 

The data in figure 12 appears to follow the equation 

l/ai, (19) 

<*iP «ch 

*iP - I / " * = * + (ps
 V£jlGg) lp 

* is non zero if the first two terms on the right-hand side of 
equations (9) and (10), or V^ and V'j and V'^, are not equal. 
It is therefore a measure of how accurate assumptions (a), (b), 
and (c), on which the equations were based, are. 

For the tests reported here, the maximum dynamic pressure 
head at channel entry was estimated as 4 percent of lower 
plenum pressure. This would introduce less than a 5 percent 
difference in vapor density, and negligible difference in liquid 
density. At rated flows, the dynamic pressure head at the 
channel entry nose piece of a BWR is 0.2 percent to 0.27 
percent of system pressure (69 bar). Thus assumption (a) is 
fairly good. 

Using the Dix correlation (equation (5)), the ratios C0/CQ 
and Vgj/V'gj were determined for 0.01 < 4> < 0.7; 103 < Re' 
< 10s; 1.01 < P < 69 bar and 0.0 < a,/A, < 1. It was found 
that within these ranges of parameters, 0.8 < C0/CQ < 1.0. 
The K^-ratio was less well behaved. However, for aJA, > 
0.5 and Re = 105, then0.8 < Vgi/V^ < 1.1. For «,-A4, > 0.2 
and Re = 103, then 0.8 < Vgj/Vg) < 1.3. Assumption (b) is 
therefore acceptable within the range of parameters given 
above. Assumption (c) is admissible for 4> < 0.7, at/Aj > 0.3 
andlO3 < Rc' < 105. 

The data plotted in Figs. 10, 11, 12 were obtained with 
various test-section power levels, within the range given in the 
test matrix. No definite effect of channel power level or power 
ratio was observed in the figures. 

For the tests with zero net liquid flow rate, the method of 
introducing the vapor into the channels was varied between a 
gradual and a sudden introduction of vapor. With gradual 
increase in vapor flow rate, the LPT remained in single phase 
liquid downflow until a total vapor flow rate of 0.0114 kg/s 
was reached. Chugging countercurrent flow was then 
established in this channel. On reduction of total vapor flow 

Journal of Fluids Engineering DECEMBER 1982, Vol. 104/461 

Downloaded From: https://fluidsengineering.asmedigitalcollection.asme.org on 06/29/2019 Terms of Use: http://www.asme.org/about-asme/terms-of-use



rate, single phase liquid downflow was not re-established in 
this channel until the vapor flow rate was reduced to 0.0058 
kg/s. There was thus a hysteresis effect on the flow con
figuration obtained as the total vapor flow rate was varied. It 
was also found that with sudden addition of vapor, chugging 
countercurrent flow was established in the LPT provided the 
total vapor flow rate was greater than 0.0058 kg/s. In all these 
flow configuration tests with zero net liquid flow, the HPT 
was in cocurrent upflow. 
. Figure 12 includes data obtained from the above flow 
configuration tests. Thus, though the method of introducing 
the flows affected the resulting flow configuration, the stable 
flow split relationship was not affected. 

Conclusions 

1. Simple flow split relationships for channels com
municating between the same upper and lower plena have 
been developed and are given by equations (fib) and (15) or 
(16). 

2. Equation (6b) is applicable when the lower plenum and 
all the channel inlets are in cocurrent upflow, and the lower 
plenum void distribution is uniform at a given elevation. 

3. Equation (15) or (16) is applicable when the channel 
entries are submerged in a two-phase flow in the lower 
plenum, and the channel in question is in two phase flow at its 
lower plenum entry. The following conditions also need to be 
satisfied. 

(a) Uniform void distribution in the lower plenum at the flow 
split evaluation. 

(b) Low void fractions in the lower plenum (<0.7) 
(c) Moderate-to-high ratio of total channel inlet areas to 

lower plenum cross-sectional area at flow split elevation. 

(d) 103 < (Re)ip < 105. (The validity of the assumption on 
which the relationship was developed was not tested for 
Re,P > 105) 

4. Experimental data from a vertical two channel system at 
near atmospheric pressure, have been compared with the 
relationships, with encouragingly good results. 

5. Within the range of channel power levels and power 
ratios tested, no effect of these parameters was found to 
influence the validity of the flow split correlations. 

6. Though the method of introducing the flows, and the 
flow levels, may influence the modes of flows at the channel 
entries, once a flow configuration is known to exit, equation 
(6b) or (15) or (16) will apply, irrespective of how the flows 
were established. 
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