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300 Series Air Entrainment Tests Report 
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D. L. Ballard, L. R. Sweetin 

ABSTRACT 

A series of water model tests have been per
formed as a part of the FFTF development program. 
This document reports the results of the 300 Series 
tests, performed in a dynamic water model of the 
FFTF, for the evaluation of potential air entrain
ment problems. Tests were conducted to show the 
effectiveness of a vortex suppression plate posi
tioned just below the liquid pool surface. Both 
visual and ultrasonic data were obtained and re
corded for conditions with and without the sup
pression plate being in position. 

Air entrainment in the liquid pool is reduced 
to essentially zero in the current reference design 
configuration. 

*Presently employed by Battelle-Northwest 
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FFTF 

OUTLET REGION FEATURE MODEL 

300 Series Air Entrainment Tests Report 

1.0 INTRODUCTION 

1.1 General Purpose and Detailed Objectives 

The observations, measurements, and results presented in this 

report were done to provide a partial solution to the design problems 

associated with potential air entrainment in the FFTF. The design 
(1 o] 

problems were identified in the Test Program Plans documents" ''' which 

also suggested, among the several methods for solving these problems, 

the experimental air entrainment model studies. The experimental 
(2) characterization of the reactor pool surface was determined^ ' as vital 

to the solution of the potential air entrainment problems. The reason 

given^ ' is that analytical models are unable to even approximate the 

mass transport governing disturbances at the surface of the reactor 

coolant pool caused by underlying flows from the core outlet and 

bypass coolant. 

The large interface area between the reactor pool surface and 
(1 o) 

the inert cover gas space was then identified^*' -̂  as a major potential 

source of cover gas entrainment. The coolant pool surface turbulence 

in the form of humping, surface waves, and vortices, caused by the 

relatively high coolant velocities, could encapsulate the cover gas 

into bubbles which could then entrain deep below the pool surface and 
* 

possibly into the exit coolant stream. A higher probability of gas 
(1 2) 

entrainment was predicted ' for the vertical core arrangement modeled 

*The entrainment of the encapsulated cover-gas bubbles into the 
coolant exit pipes is referred to as 'carry-under.' 
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by the present outlet region feature model than for other core 

design and outlet arrangement concepts. 

The potential detrimental effects on the operation of the 

Fast Flux Test Reactor which could result from qas entraining in 
(2) 

sufficient quantities were enumerated in the Test Program Plan 

(BNWL-614) as: 

1) Sudden power perturbations due to the sodium void 

coefficient. 

2) Reduction of the thermal conductivity and heat capacity 

of the sodium coolant stream. 

3) Possible reduction in the heat transfer coefficient in 

passing of large bubbles through the fuel assembly due 

to gas blanketing. 

4) Possible damage to the components similar to cavitation 

damage. 

These potential air entrainment-caused problems would then affect 

the safe operation of the FFTF (items 1, 2, 3), the fuels and materials 

test programs (items 1 and 2), and reduce the lifetime of certain 

components (item 4). The last item would add to the fuel cycle costs 

and reduce the plant availability. 

Further potential thermal hydraulic problems which may arise from 

gas entrained in the coolant are: 

5) Degradation of the operation of the heat exchangers. 

6) Accumulation of entrained gas in some zone of the inlet 

region and subsequent release of large bubbles through the 

core causing abrupt, unpredicted temperature perturbations. 

All these potential problems would cease to exist if there were 

no (or very little) gas entrainment in the reactor under study. 

The general objectives of the experimental gas entrainment 

hydraulic model studies were: 

t Determine whether a gas entrainment problem exists for 

the outlet model reactor design configuration under study. 
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§ If gas entrainment occurs, eliminate it or minimize its 

level by design modification. 

The standard procedure to prevent or reduce cover gas entrain

ment by means of baffles to damp the DOOI surface turbulence was 
(2) 

suggested,^ ^ as well as particular objectives of the experimental 

effort to accomplish the gas entrainment reduction. 

The particular objectives for the 300 Series air entrainment 

tests were: 

• Characterize the location, magnitude, and causes of gas 

bubble encapsulation and entrainment. This information was 

needed to properly design and locate the vortex suppression 

plate. 

t Evaluate the effectiveness of the vortex suppression plate 

or other design changes made to prevent or reduce the gas 

entrainment. 

Additional objectives in the overall experimental gas entrainment 

work were: 

• Determine the effect of exit pipes elevation on gas entrain

ment. 

§ Establish the minimum outlet pool coolant level, with reference 

to the exit pipes (outlet nozzles) which will permit operation 

without gas entrainment and carry-under into the outlets. The 

minimum pool level is related to the overall reactor vessel 

length and its minimum will decrease the construction costs. 

t Experimentally verify the validity of a priori** assumption 

that the effect of liquid surface tension forces (characterized 

by Weber number) on gas entrainment is small in comparison 

to the gravity and inertia forces (characterized by the Froude 

number); thus verifying that surface tension changes do not 

adversely affect air entrainment. 

* 
The measured or observed parameters which "characterize" the gas 
entrainment, such as hump height, surface waves, vortices, pool height, 
etc., are described in visual data techniques section of this report. 

Made during preceding model criteria studies. 
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f Determine by gas injection into the coolant stream v;hether 

this gas will accumulate in any region of the reactor and 

whether it is released as bubbles large enough to cause core 

damage. 

However, this document is limited to reporting the air entrain

ment test results for the current reference design configuration of 

the outlet model. 

The observation and measurement techniques, apparatus, and results 

of the 300 Series air entrainment tests, by means of which the above 

listed particular objectives were accomplished, are here reported. 
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2.0 SUriMARY AND CONCLUSIONS 

2.1 Summary 

A series of water model tests have been performed as a part 

of the FFTF development program. This document reports the results 

of the 300 Series tests, performed in a dynamic water model of the 

FFTF, for the evaluation of potential air entrainment problems. Tests 

were conducted to show the effectiveness of a vortex suppression plate, 

positioned just below the liquid pool surface. Both visual and ultra

sonic data were obtained and recorded for conditions with and without 

the suppression plate being in position. 

2.2 Conclusions 

The 300 Series air entrainment tests performed with the current 

FFTF reference design configuration of the outlet plenum proved the 

following: 

i The air entrainment in the outlet pool was reduced to 

essentially zero (background level) for any pool height 

above the vortex suppression plate position. 

t The carry-under was also reduced to zero by the current 

reference design configuration. 

• The air entrainment and carry-under rapidly increase with 

lowering pool height below the vortex suppression plate. 

t However, even at very low pool heights (10-20" above exit 

nozzles in the model) the carry-under void fraction is 

small (less than 0.3%). 

t The results (plots of data, etc.) of the visual technique 

can be used to approximately evaluate the effects of some 

configuration changes on air entrainment within the pool. 

• The results of the ultrasonic techniques were already used 

to successfully predict the effect of the vortex suppression 

plate on carry-under. 
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3.0 MODEL DESIGN AND SIMILITUDE RELATIONSHIPS 

The model was a 0.268 scale (model to prototype) geometric 

replica of the upper portion of the reactor vessel. It contained 

169 removable assemblies representing the following positions: 

73 driver assemblies 15 peripheral control rods 

3 open loops 30 reflectors 

6 closed loops 33 reflector/restraint positions 

9 control rods 

The remaining 48 reflector positions and the shield positions 

were not geometrically modeled. The coolant emanating from these 

ducts constitutes a relatively small portion of the total flow and 

was simulated by distribution headers. 

The model vessel height simulated approximately one and one-

half times the height of the reactor vessel. This allowed a fuller 

range of pool heights to be investigated. The level of the outlet 

pool was regulated by air pressure above the pool. By varying the 

air pressure, the liquid level could be varied from full height down 

to the elevation of the outlet nozzles. 

The shell of the model was fitted with transparent plastic 

observation windows. Additional visual access was provided at the 

top cover of the model which was also constructed of transparent 

plastic reinforced with a steel support structure. This support 

structure also served as a lifting bail when handling and stacking 

the vessel sections. For visual gas entrainment data, each return 

pipe was fitted with an observation spool. 

See Figure 1.1.a for a photograph of the model. 

With the 0.268 scale ratio, the following flows are required to 

reach the listed similitude parameters: 

§ Velocity ratio of one to one: 3,010 gpm. 

t Froude Number ratio of one to one: 1,575 gpm. 

t Weber Number ratio of one to one: 3,720 gpm. 

The above flows are based on sodium at 1050°F, and water at 

85°F. 
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Figure 1.0 shows the relationship of the various parameters 

as a function of model flow. The parameters of principal interest 

during this test series were Froude Number and velocity ratio. 

The current scale ratio places the normal pool surface elevation 

at 41.75 inches above the top of the instrument package outlets (41.75 

inches above the top of the outlet nozzles). 

The dimensions quoted in this report (results, graphs, tables) 

pertain to the model. The above quoted ratio should be used in con

verting these model dimensions to the prototype reactor dimensions. 
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4.0 AIR ENTRAINMENT VISUAL AND ULTRASONIC DETECTION TECHNIQUE 
ANTlPPARAim "~~~ 
4.1 Visual Detection and Recording Technique 

The purpose of the visual technique was to characterize the loca
tion, magnitude, and causes of gas entrainment in the model reactor 
outlet region coolant pool. (The modeling fluid and gas were water and 
air.) Due to the random and irregular nature of vortex occurrence and 
location, surface waves, bubble motion, etc., plus changes in pool sur
face elevation, the only suitable detection devices are visual, photo
graphic (still or cine), or TV-video tape. The last system is the best, 
but was not available. 

In this work the visual technique with occasional still photographs 
was used. The air entrainment in the outlet pool of water (modeled 
coolant) was characterized by the parameters defined in Figure 1.1 -
Outlet Model Nomenclature for Visual Air Entrainment Data. Figures 1.2 
and 1.3 are photographs of the pool surface at different pool heights. 

These visual data parameters were obtained by observing the pool 
surface and subsurface characteristics (one by one) through the outlet 
model windows, and recording them on a paper pad immediately. This pro
cedure minimized memory-distortion errors. Also, any one parameter could 
be re-observed for verification. 

The pool surface height (PH) was changed in 5-inch steps, usually 
decrements, starting at max. PH and held constant at each PH for the 
time necessary to observe and record the entrainment characterizing 
parameters. The bubble encapsulating mechanisms, i.e., vortices, surface 
waves, and hump-caused surface waves, were also observed and recorded for 
each pool height, in terms of estimated percentages of dominance of one 
encapsulating mechanism over another. For example, at high pool heights, 
vortices cause most (i.e., 90-100%) of the bubble encapsulation while at 
low pool heights, the hump-caused surface turbulence is the main cause of 
gas bubble formation and entrainment. In this manner, a set of parameters 
characterizing the gas entrainment was obtained as a function of pool 
height for each outlet model configuration under test, and for each of 
three coolant flow rates. The coolant flow rates were of scaled magni
tudes corresponding to the full, nominal one-half and reactor shutdown 
flow rates. 
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The visual data were recorded in tables with backup sketches of 

gas entrainment conditions and comments on other nonstandard occur

rences. 

The visual data tables given in reference reports ' are self-

explanatory. The salient features (large changes in air entrainment 

patterns, effects of structural changes in pool on entrainment, etc.), 

are singled out in the results section and presented in graphs and 

tables which better illustrate the effect of model geometric (structural) 

changes on qas entrainment. Further, superposition of several graphs of 

visual data revealed some "new" (previously unreported) functional and 

semiquantitative relationships* among the entrainment-descriptive parame

ters. Also graphs of semiquantitative (computed from the estimates of 

n and d) void fraction ap in the pool are presented in measurements and 

results sections. However, before more than the tentative conclusions 

here subsequently reported are attempted from the graphs of visual data, 

the tables containing the complete visual information should be restudied. 

The graphs are necessarily condensations** of the tabulated visual data. 

Thus, while the graphs better illustrate certain features such as func

tional dependence or independence among the parameters, they omit or dis

tort some of the information contained in comments and sketches in the 

tables. 

To give proper emphasis to the data in graphs and to the tabulated 

information itself, visual data uncertainties are given in the next 

section. 

*Such as: 
. Functional independence of min. entrained bubble layer H 

from flow rate. 
, Occurrence of H min always at PH = 13" above an instrument 

support plate, also flow rate independent. 
. At min H, hump height h is 3 to 5 times h min. 
. Higher hump with reduced surface tension. 

**Such as plots of the average values of tabulated parameters. 
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4.1.1 Accuracies of the Visual Data Parameters 

The parameters characterizing the gas entrainment in the 

model reactor outlet pool are listed, in the order of decreasing 

accuracy, and with estimated visual confidence accuracies in Table I 

(next page). From the table it is seen that the numerical values 

of the first four visually determined parameters are in general fairly 

accurate (1% to 10%). That is because there are tape measures located 

inside and outside the model vessel for reference. Thus, the pool 

height (PH) error of ±1/4 inch is due more to the oscillation of 

trie pool surface level than to any uncertainty in reading the inch 

scale taped right next to the pool surface. The error or uncertainty 

on the hump height involves some parallax error. But because the grad 

uated inch tape was within the model, the distortion due to the curved 
* (cylindrical) windows was "eliminated" in reading the hump height 

which was next to the tape. However, sometimes the oscillation in 

the hump height was, for example, from 4 to 6 inches. Thus the table 

of visual data recorded h = 4-6 in., but the error on the average 

h (= 5") plotted in the graphs in this report is listed as ±1/4 inch, 

that is, the accuracy to which h could be read if it were stationery. 

Further inspection of Table I reveals that the average diameter 

of the entrained gas bubbles and the bubble density are thus the only 

* 
Or rather, the same distortion was present both in reading the 
scale and in the linear (vertical) dimension of the hump height. 



TABLE I 

UNCERTAINTIES IN VISUAL DATA PARAMETERS CHARACTERIZING 
GAS ENTRAINMENT IN THE OUTLET MODEL POOL 

Parameter 

Coolant pool surface height 

Hump Height (pool surface bulge 
caused by high veloc. coolant 
exit from central fuel rods) 

Layer of entrained air bubbles 
to a depth H below pool surface 

Depth of surface depression (D) 
or surface waves (S) 

Average diameter of entrained* 
bubbles 

Estimated bubble density (number 
of bubbles per cubic inch) 

Void fraction in the pool (not 

Symbol 

PH 

h 

H 

D 
S 

d 

% 

ttpo/ 

Range of 
Typical Values 

40 in.- 80 in. 

2 in.- 10 in. 

3 in.- 2 ft. 

0-4 in. 
0-4 in. 

1/8 in.-3/8 in. 

2/in.^ - 10/in.^ 

.2% - 5% 

Estimated 
Accuracy on the 
Typical Values 

± 1/4 in. 

± 1/4 in. 

± 1/4 in.- ± 2 in. 

± 1/8 In.- ± 1/4 in. 
± 1/2 in. 

± 1/16 in. 

± 1- ± 5 

± .4% - ± 5% 

Estimated 
Accuracy 
(Percentage) 

± 0.6 - ± 0.3 

± 13 - ± 2.5 

± 8 - ± 8 

± 12 - ± 8 
± 13 

± 50 - ± 17 

± 50 - ± 50 

± 200** - ± 100 
a visually determined datum, 
but calculated from n., and d) 

*Uncerta1nty on the estimation of the diameter of normally present background bubbles was much less since the 
background bubbles were uniform in size and in slow motion. 

**See error analysis on the propagation of uncertainties in Reference 17 (Appendix A). 
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two parameters that should be considered as factor of 2 uncertain 

in the sense associated with the name "visual data", i.e., qualitative 

sense. But the numerical values of the preceding 5 parameters, with 

the exception of the surface wave S when they are too large (i.e., S> 

±3"), should be considered as scale readings or good quantitative data 

of about 5% average accuracy. 

4.1.2 Evaluation of the Visual Air Entrainment Detection Technique 

The visual technique was a necessary part of the air entrainment 

test effort. This technique yielded quantitative, accurate data on 

the free pool surface characteristics and air encapsulation and entrain

ment "mechanisms" within the outlet model pool. In this manner, half 

of the particular objectives listed on page 3 were accomplished. The 

visual technique also provided early detection of air entrainment within 

the pool at elevated pool surface heights, at which rw carry-under air 
itic 

levels occur. The graphs of the visual data parameters (see Figures 

7 to 12) also indicated relationships of minimum air entrainment levels 

versus pool height for the particular outlet model configuration under 

By the accuracies of the visual data parameters and reproducibility 

of plots of these data, the visual technique thus proved itself to be 

accurate, economical, and accomplished its purpose in the outlet model 

air entrainment test effort. 

* 
The large uncertainty in the estimates of d and n^ is due to the fast, 
random motion of the entrained bubbles. The diameter of slower moving 
bubbles wasn't too difficult to estimate since in "eyeball calibration" 
the observer used known sizes of beads suspended behind a curved window 
for comparison. However, the estimates of the number of bubbles per 
cubic inch are very difficult to do accurately due to the fast, random 
motion of the bubbles, especially when the number of bubbles is large. 

** 

Detectable by the ultrasonic technique in the outlet pipes. 
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4.2 Ultrasonic Transmission Technique, Apparatus, and On-Line 
Geometry 

The ultrasonic system was developed for the purpose of measuring 

air entrainment carry-under "on-line" at the 10 inch diameter exit 

pipe of the outlet model of the FFTF Hydraulic Core Mockup, 

The ultrasonic transmission technique was used in past measure

ments to partially solve the FFTF hydraulic design problems (listed 

in INTRODUCTION) associated with air entrainment. During the 300 

Series tests here reported, the ultrasonic technique was used to 

evaluate the effectiveness of the vortex suppression plate for re

ducing the amount of carry-under air. 

Figures 2-6 are pictorial descriptions of the measurement and 

calibration technique, apparatus, and geometry. A study of these 

figures reveals enough information that is sufficient and necessary* 

for proper interpretation of the air entrainment data. 

Figures 4.1 and 4.2 are an attempt to present a simple exponen

tial attenuation theory graphically and to illustrate how a calibra

tion curve of apparatus response versus volumetric flow rate of 

bubbly air in the 10-inch pipe is obtained from the strip chart trace. 

Calibration of the system for absolute void fraction measure

ments consists of injecting air into the outlet pipe at known rates 

with pool height at maximum (height) to minimize background air 

levels. The absolute void fractions are then computed from the air 

and water flow rates and plotted against the strip chart deflections. The 

*Detailed technical descriptions of the ultrasonic (wave) theory 
of scattering, reflection, and transmission in bubbly gas-liquid 
mixtures, and other information necessary for the designing of the 
system for the present use, or its adaptation to other uses, are 
given elsewhere (References 7, 8, 9, 11, 15, 16). 
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points are then least-squares fitted to generate the calibration 

curves. This calibration process is repeated for various flow rates 

to eliminate any uncertainty in extrapolating the calibrated data 

to different conditions. 

The ultrasonic transmission technique, used with a slightly 
* 

modified commercial apparatus, proved itself to be precise (very 

sensitive), reliable, (with quite reproducible measurements over 

a period of months), and relatively economical both in cost of the 

apparatus and in data reduction work.^''"'^ 

*Progress noted in: BNWL-1173, 1217, 1246, 1274 and 1282| BNKL-1300-1, 

1300-2, 1300-3, 1300-4, 1300-5, and 1300-6^0) 
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5.0 SUMMARY OF 300 SERIES TEST RESULTS 

The outlet model geometry in the current reference design 

configuration, and the modeling similitude relationships were 

given in Sections 3.1 and 3.2 of this report. 

The following graphs (Figures 7 to 16), and Table II contain 

the results of the 300 Series air entrainment tests performed before 

and after the insertion of the vortex suppression plate at 39.5 

inches pool elevation. 

5.1 Visual Data and Results 

The visual data showing the effectiveness of the vortex sup

pression plate are summarized in Table II (next page). At the 1:1 

Froude Number similarity (1575 gpm) the plate does indeed suppress 

all the surface vortices and eliminates air entrainment (encapsulation) 

below the pool surface. The reduction of air entrainment is also 
* 

shown by the plots of the depth of entrained bubble layer (H) versus 

pool height (Figure 7) before and after the insertion of the vortex 

suppression plate. The next figure (Figure 8) shows how the height 

of the central hump (h) was also reduced by the vortex suppression 

plate. The reduced hump height is then ineffective as a mechanism 

for bubble encapsulation; hence no air entrainment. The last figure 

(Figure 9) for the 1575 gpm Froude Number similitude shows the void 

fraction (ap) In the outlet model pool. This void fraction was calcu

lated from the bubble size and concentration visual data. The calculated 

void fraction is the only qualitative type (factor of two uncertainty) 

result of the visual technique. The hump height (h), entrained bubble 

layer (H), etc., are accurate data as discussed previously. 

* 
The dimensions given in the graphs pertain to the model. For con
version to prototype reactor dimensions, see ratio on page 6. 



TABLE II 

ILLUSTRATION OF VORTEX SUPPRESSION PLATE EFFECT, AT 1575 GPM, ON SURFACE CONDITIONS AND AIR 
ENTRAINMENT BELOW POOL SURFACE 

Pool 
Height, 

62-1/2 

55 

50 

45 

41.75 

In. Condition 

Without Plate 

With Plate 

Without Plate 

With Plate 

Without Plate 

With Plate 

Without Plate 

With Plate 

Without Plate 

With Plate 

*Bubbles were present but 

Hump 
Heiqhtlh). in 

1/2 

0 

1 

0 

1 to 2 

1/4 

2 - 2-1/2 

1/2 - 1 

3 

1 - 2 

rising from below. 

Surface 
. Waves, 

Calm 

Calm 

Calm 

Calm 

±1/2 

Calm 

±1/2 

±1/8 

±1 

±1/4 

in. 

not entrained 

Vortices 

Few, 1/2" deep by 1/2 

None 

Few small vortices 

None 

Many more than at 55" 

None 

2" diameter vortices 

None 

Few 

None 

; see data tables for 

" across 

P.H. 

details. 

Entrained* 
Bubbles 

None 

None 

Release No bubbles. 

None 

Few 1/8" bubbles entrained 
to 3"-6" depth.** 

None 

Release 1/4" bubbles to 
6" depth.** 

None 

1/4" to 3/8" permanent 
bubble layer 6" deep. 

None 

CT) 

**But no permanent bubble layer. The entrained bubbles are few and rise immediately to the surface. 
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The void fraction plot (Figure 9) again shows the elimination 

of entrained air when the pool height is above the vortex suppression 

plate. 

The next three figures (Figures 10, 11, and 12) show the same 

parameters and relationships which illustrate the air entrainment 

reduction by the vortex suppression plate, but at 3010 gpm flow rate. 

At this flow the Froude number ratio for the air entrainment tests 

is not optimum, but the velocity ratio is 1:1. Again, these figures 

show the elimination of air entrainment by the vortex suppression 

plate, even at these non-optimum similitude conditions. However, the 

vortices were not completely eliminated at 3010 gpm, but their effective

ness was suppressed since they did not encapsulate and/or entrain any 

air bubbles. 

5.2 Ultrasonic Data and Results 

The ultrasonic apparatus in its on-line geometry (Figures 2 and 3) 

was used to continuously measure the amount of carry-under air, as a 

function of pool height. 

The results of the carry-under measurements are presented in 

Figures 13 through 16. In Figure 13, without the vortex suppression 

plate-(VSP) there is some carry-under at the prototype pool height 

(41.75 inches in model) at the 1575 gpm which simulated Froude number 

ratio 1:1. 

However, at 3010 gpm, where the velocity ratio is 1:1, the carry-

under is very large (see Figure 15) without the VSP. 

With the vortex suppression plate installed, the carry-under became 

negligible (was reduced to background level) at 1575 gpm (Figure 14) at 

the prototype pool height; and at 3010 gpm the carry-under was greatly 

reduced to essentially zero (Figure 16). 

Another result, apparent from the above mentioned figures, is 

that at 1575 gpm the pool height elevation at which large carry-under 

of air commenced was not changed by the vortex suppression plate. In 

both cases (before and after plate insertion), the carry-under started 
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at 35 in. pool heiqht,* and doubled in amount when pool height dropped 

by 10 in. (to 25 in. pool height). At pool height = 10 in., the carry-
3 

under amount of air was close to 30 ft /hr in both cases (with or with
out vortex suppression plate). However, even this amount of carry-under 
represents only a small void fraction (0.3%). 

At 3010 gpm the vortex suppression plate shifted the starting 

point (pool height) of large carry-under from 60" pool height to 

40" pool height, i.e., to a position very near the suppression plate. 

This result was anticipated from previous measurements for this flow 

rate. 

The vortex suppression plate is effective in reducing air entrain

ment and carry-under at 1575 gpm even when the pool height drops to 5" 

below the vortex suppression plate. The explanation of this phenomenon 

is given by the visual data tables in the informal 300 Series test 

report (June 11, 1970), which shows that the vortex suppression plate 

breaks up and reduces the effective height of the hump above the pool 

surface. The smaller hump causes less entrainment and thus less carry-

under even at 35 in. pool heiqht. 

The overall significance of the 300 Series tests, apparent from 

the combined visual (air entrainment) and ultrasonic (carry-under) test 

data is: 

• At the prototype pool height, the air entrainment within 

the outlet pool, and the carry-under in the exit pipes 

were reduced to essentially zero by the vortex suppression 

plate. This condition is true for flow conditions that 

represent both Froude Number and velocity, ratios of I H . 

Model dimensions. See page 6 for conversion ratio to prototype 
dimensions. 
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FIGURE 3.0 Ultrasonic Apparatus and Strip Chart Recorder 
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