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ABSTRACT 

Measurements were made of the local velocity of fluid in a scale 

model of the FFTF reactor pool at a number of selected locations in a 

one-third sector. The purpose of the measurements was twofold: 

(1) To determine the flow pattern above the reactor core and in the outlet 

pool, and (2) To determine the magnitude and direction of the fluid 

velocity at representative points to permit an estimate of the possibility 

of flow-induced vibration of the reactor pool components. 

The velocity was measured for a gross model flow rate (3010 gpm) 

which simulated actual reactor velocity. Data were taken at 20 planar 

positions and 12 elevations in the outer pool from an elevation at the 

top of the outlet nozzles up to near the pool surface. The measured 

velocities (speed, pitch angle, and yaw angle) are tabulated. 
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1.0 INTRODUCTION 

The FFTF Reactor design utilizes a core configuration which consists of 

a closely packed array of ducts surrounded by a relatively thin layer of 

reflectors. The entire assembly is immersed in a pool of liquid sodium which 

occupies the free volume inside the vessel from the bottom to the cover gas 

zone near the top. 

The heat is extracted from the core by the flow of the sodium coolant 

upward through the ducts. The resulting streams of coolant discharge from 

the top ends of the ducts and flow upward past the instrument trees, the 

IVHM's, and other components in the upper section of the reactor. The 

coolant streams then combine in the outlet pool and the coolant flows out 

of the vessel through three outlet nozzles. 

When fluid flows past an object which is immersed in its stream, a 

cyclic phenomenon known as vortex shedding occurs. The vortex shedding 

produces a vibration-forcing function. If the frequency of the forcing 

function is near the natural frequency of the component in the flow stream, 

failure of the component can occur due to fatigue. It is necessary to ensure 

that the frequency of any forcing function apt to occur in the coolant 

discharge flow stream is sufficiently below the natural frequency of any of 

the immersed objects so that there is no danger of sympathetic vibration and 

resulting fatigue failure. 

The vortex shedding frequency due to flow past a right circular cylinder 

is represented by a relationship called the Strouhal Number. The Strouhal 

Number is a function of the fluid velocity. The flow paths from the duct 

discharge to the vessel outlet nozzles are too complex to determine analytically 

with acceptable accuracy, so it was necessary to measure them and then use the 

measured velocities to determine the Strouhal Numbers. The resulting frequency 

of the forcing function was then compared with the natural frequency of the 

components in the vessel. 

In addition, it is necessary that there be no points or areas of stagnation 

in the reactor. Such areas of stagnation could result in temperature 

differentials in the outlet region which could, in turn, cause functional, 

or structural damage to reactor components. Since the coolant flow distribu-
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tion pattern in the outlet region is too complex to lend itself to an accurate 

analytical analysis, it was necessary to measure and plot the pattern of flow. 

2.0 SUMMARY AND CONCLUSIONS 

Measurements of local velocities (speed, pitch angle, and yaw angle) 

were made in a 0.268 scale model of the FFTF reactor vessel outlet region, 

using water as the fluid. Three-dimensional Pitot tubes were used; a 1:1 

ratio of velocity in the model versus velocity in the reactor was employed. 

The measurements were made at 20 selected locations and at 12 elevations. 

The results of measurements showed that the following conditions can 

be expected in the September 1970 design of the outlet region of the FTR: 

• No danger of sympathetic vibration of components in the 

outlet region of the FTR due to vortex shedding was 

detected as a result of this series of tests. 

• The path of the coolant flow is vertically upward in the 

core zone. The flow then deflects horizontally at or 

near the pool cover-gas interface, flows outward at the 

top, and then passes downward near the vessel wall toward 

the outlet nozzles. (Figure 1) 

• The maximum measured velocity was 15.5 ft/sec. This 

occurred at an equivalent elevation of 22 inches above 'the 

top of the outlet nozzle inside the FTR vessel (six inches 

in the 0.268 scale model). However, this velocity may have 

resulted from the jet effect of flow through the reduced 

opening in the top of the simulated core duct-instrument 

package assembly. 

• The measured velocity at an equivalent elevation of 44 

inches above the top of the outlet nozzles over the 

center of the core was 11.9 ft/sec. (12 inches in the 

0.268 scale model) 
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# Local flow aberrations were caused by holes for the 

velocity probes through the instrument support plates and 

the vortex suppression plates. 

# The velocities measured at the different locations below 

the tops of the outlet nozzles were generally below 2 ft/sec. 

However, at one location near the vessel wall the local 

velocity reached 3.5 ft/sec. 

Further detailed results are given in Section 3.3 and in Exhibit A. 

3.0 DISCUSSION 

3.1 Test Program and Objectives 

The test work described in this report was performed durinq the period 

from April through September 1970. The tests were made on the FFTF Outlet 

Feature Model at HEDL. A complete description of the model, including model 

design and hydraulic similitude considerations, has been previously 

SODIUM 
INLET 

/ - ^ SODIUM 
/ / % - OUTLET 

Figure 1. Sodium Flow Through The FFTF Reactor Vessel 
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reported.^ 

Initially the goal of this work was to measure the local velocity of the 

fluid at different locations in the Outlet Model to determine the potential 

for flow-induced vibration of the different components in the vessel. It was 

this purpose that dictated the location of the points at which the velocity 

was measured. Later the investigation was broadened to determine the pattern 

of the flow in the vessel. All measurements were to be made under steady 

state conditions at a flow rate of 3010 gpm through the Outlet Model. This 

is the flow rate at which the velocity ratio of model/prototype is 1:1 

(HEDL-TME 71-90). 

The expected range of velocity of interest was from 1-15 ft/second. 

The expected pitch and yaw angles ranged from 0 to 360°. The desired accuracy 

of velocity measurement was ±10% or better. 

3.2 Test Apparatus 

Figure 2 gives a plan view of the model showing the location of the 

velocity probes*, and Figure 3 shows the location of the probes with respect 

to in-vessel components. These locations are as follows: 

• Over the core active zone—PV-3, PV-5, PV-7 

• Near the IVHM—PV-16, PV-19 

• Near the instrument tree--PV-10, PV-18 

• Near the vessel wall above the outlet nozzle--PV-n 

• In the free pool next to the vessel wall--PV-13, PV-14, PV-15, 

PV-17 

• I n the free pool—PV-1, PV-4, PV-8 

• In the free pool next to the core barrel--PV-2 

• Inside and near to the core barre l - -PV-6, PV-9, PV-12 

• Near to the core res t ra i n t actuator--PV-20 

(l)HEDL-TME 71-90, "FFTF Outlet Region Feature Model, Final Report on 

A l l A i r Entrainment Test Ser ies," May 1971. 

* The devices selected to measure the local ve loc i t ies were 5-hole 

P i to t tubes obtained from a cormiercial vendor as discussed in Exhibi t B. 
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The locations of the velocity probes were selected to investigate the 

probabil ity of vortex-shedding induced vibration of the different components 

in a one-third sector of the FTR. I t was also possible to group most of 

the probe locations into three vertical reference planes (Sections A, B, and 

C, Figure 2) around outlet nozzle number 3. This grouping permitted invest

igation of the flow pattern in these three planes. Further details on the 

test apparatus are given in Exhibit B. Study planning notes are reproduced 

as Exhibit C. 

OUTLET NOZZLE 
NO. 2 

SECTION C 
SEE FIG. 6) 

OUTLET NOZZLE 
NO. 3 

SECTION B 
SEE FIG. 5) 

SECTION A 
(SEE FIG. 4) 

c OUTLET NOZZLE 
^ NO. 1 

Figure 2. Plan View of Outlet Region Model Showing Location of Local Velocity 
Probes 
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3.3 Results 

Figures 4,5 and 6 show magnitude and direction of velocities in the 

three vertical planes at elevations ranging from 12 inches below the top of 

the outlet nozzle of the model to 39 inches above the nozzle. The detailed 

experimental data are given in Exhibit A. 

3.4 Discussion of Results 

The locations at which the local fluid velocities were measured were, in 

N 

• VELOCITY PROBE IDENTIFIED 
BY NUMBER SHOWN 

Figure 3. Outlet Region Model Internal Arrangement 
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the main, next to components in the vessel. The locations with respect to 

the internal components are shown in Figure 3. 

Many of these locations were selected initially because of their prox

imity to the various components which were most likely to vibrate as a 

result of the impinging velocity. However, in many cases the presence of 

the components affected the magnitude and direction of the local velocity 

and caused instability of flow, and eddy currents. 

An irregularity in the flow pattern was visually apparent at elevations 

36 inches and above due to the vortex suppression plate. The vortex sup

pression plate is an assembly of two sets of perforated plates which extend 

horizontally across an internal section of the vessel. The purpose is to 

suppress or eliminate any vortices which might form in the liquid and which 

might cause entrainment of gas. The vortex suppression plate assembly is 

0.50 inch thick overall and is located with the lower face at an elevation 

of 39-3/8 inches. The plates are perforated with 1/8 inch diameter holes on 

3/16 inch centers. 

One-inch diameter holes were drilled through the plates to permit 

passage of the tip of the Pitot tube [see Figures B-1 and B-2 of Exhibit B.] 

When the tip of the Pitot tube is within eleven inches of the vortex suppressi 

plate, there is a relatively large opening in the plate assembly directly 

above the tip of the Pitot tube. The fluid can flow through this unobstructed 

opening much more freely, and with a lower pressure drop, than it can flow 

through the small openings in the plate assembly. It is, then, reasonable 

to assume that a larger portion of the fluid will flow through the hole 

around the probe than will flow through an equal area of the adjacent sections 

of the vortex suppression plate. This would result in a greater fluid 

velocity in the vicinity of the sensing probe and would explain the apparent 

irregularity. 

The instrument support plate is located at 37 inches elevation. It 

consists of three pieces of solid plate with holes drilled so that the tubes 

simulating the closed loops and the control rods can pass through. There are 

also holes for the probe at locations PV-3, PV-5, and PV-7. The rest of 

the area presents a barrier to the flow of the fluid which passes up through 

the core. The effect of the barrier and the local holes is evidenced by 
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the sudden increase in velocity at the 37.5-inch elevation at PV-3 in Figures 

4, 5, and 6, for the reasons discussed previously. 

These sudden increases in velocity indicate that the measured local 

velocities cannot be assumed to be average velocities. The indications are 

that there is channelling up through the core, but the extent of the 

channelling could not be determined by measuring the local velocities at 

only three locations. It would be necessary to make a group of radial 

velocity traverses, and such was not possible with the existing test setup. 

It was also observed that the velocity measured at a particular 

location varied when the position of the sensing tip was changed by rotating 

the probe 180° about its axis. The change in the sensed velocity was noted 

at almost all elevations for locations PV-3, PV-5, and PV-7. The variation 

ranged from 5 percent to as much as 30 percent at 30 inches elevation at 

PV-5. The apparent angles of flow also varied a small amount. This 

illustrates that there are definite variations in the fluid velocity in 

the core section and that no satisfactory "average" velocity can be 

determined from measurements at only three points at any one level. 

Instability of flow was noted at a number of different locations, 

especially where the velocity was less than 2 ft/sec. In some cases the 

direction of flow varied as much as 90° in a short span of time. In other 

cases the variations in the direction of the flow were continuous and 

indicated the presence of eddies. These phenomena are discussed further in 

Exhibit A. 
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EXHIBIT A 
EXPERIMENTAL DATA 

This Exhibit records experimental data for probes PV-1 through PV-20 at 

the elevations listed below, where "0" represents the top of the inside of 

the outlet nozzles of the model. 

• Elevation 

• Elevation 

• Elevation 

• Elevation 

• Elevation 

• Elevation 

• Elevation 

• Elevation 

• Elevation 

• Elevation 

• Elevation 

39" 

37.5 

36" 

34" 

30" 

24" 

18" 

12" 

6" 

(-) 6" 

(-) 12" 

The figures show the direction and magnitude of the local fluid velocities 

at different horizontal planes in the outlet model. The magnitudes of each 

measured velocity, and of its horizontal component, are shown in the figures as 

well as the pitch and yaw angles. The scale of the vector is 0.42 inch = 

10 ft/sec. The shorter of the two vectors represents the magnitude and 

direction (yaw angle) of the component of flow in the horizontal plane and 

is drawn to scale except where the body of the vector is dotted. When a 

dotted line is used, it means that the velocity, or component of velocity, 

is less than 2.0 ft/sec and only the direction of flow is shown. 

The pitch angle is the angle between the horizontal component vector 

and the total velocity vector. A note is also added at each location where 

the fluid velocity is not horizontal to tell whether the direction of flow 

is up or down from the horizontal. 

The yaw angle is the angle between north and the source of the flow 

measured in a counterclockwise direction. The angle between north and 

the horizontal component vector, measured in a counterclockwise dimension, 

equals the yaw angle + 180°. 

Notes regarding phenomena observed during tests at the different probe 

locations are included. 
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SO'PP^A^£:-^SAOAA A='J-AT£ P/.Uae££), 

OUTLET NOZZLE 

£L£\/AT/OA/ 36" 

OUTLET NOZZLE 

OUTACT A//P.£ZA.£ 



PAiO/3.E 
AOCATAOA/ 

PA-/ 
PA-2 

Hd PA-3 
^ yP\/~4 
* PA-£ 
iff P\A-£ 
)tf PA-7 
Hf PAS 

PV-3 
* PA-/0 

PA-// 
* PA-/2 

PA-/3 
PA-A4 
PA-A£ 

* PA-/£ 
PA-/7 
PA-/e 
PV-/3 
PA-20 

A'OTE : __ 

) 

OUTLET RE6/OA^ AELOC^Ty TEST 

ELE\/ATAO/V 34" 

p,-p^ 

0.337 
0.2/S 
7.0£3 
4.-43 7 
7.7SO 
A(S7£ 
£.e/3 
£.8/3 

2.37£ 
2, AS 7 
A7SO 
0.7tS2 
A. 2 SO 

2.se2 
a,e2£ 
A. 03/ 

o.eas 
a.3£9 

^4-Ps 

0.344 
-£>.0£2 

£.433 
- S.SOO 

2.SOO 
- /.638 
-4.SOO 
-6.2SO 

-0.37S 
£>.£e/ 
C./2S 
0.6S£ 
a.S43 

-a.2So 
-tP,3/3 

-a./s7 

-0.££2 
~ O. SSA 

XAW 
Auei.£ 

//2° 
232' 

S4' 

//•?' 
334-
//£° 
ACS' 
A46' 

233' 
137' 
733° 
/33° 
A23' 

.340' 
/23° 
AS2' 

AS 2° 
72' 

///O/CATES AELOC/TA *H 
EHOC/SA/ TO /^EASUf>/£. 

K AJATA COALECT£D W/T// 
PA A T£ /=/ UeG££l. 

P/TC// 
ANGA£ 

+ 23-
-£7° 
+ S£' 
+23' 
+ £S' 
-40° 
+ 44° 
+34' 

- 2 ' 

-4£' 
+ 3° 
-20-
-23' 
-£/' 
-SO' 
-££" 

-33° 
-73' 

4-r MOT & 

sapp/^s.. 

A£LOC/rA 
£T/-S£C 

3.3/3 
/.A £.2 
£.373 
4.£££ 
£.2 S3 
3.732 
S.S94 
S.£93 

3.e6£ 
3.4SS 
3./7S 
2.4/3 
2,736 
3.327 
2.02£ 
2.247 

2.202 
2.433 

-PIEAT 

SS/OA/ 

OUTLET NOZZLE 

ELEVAT/OAV 34" 

/V 

OUr/.ET A/OZZA.E 

OUTLET NOZZLE 

W " 

DOWM \ 

o 
13 



PROBE 
LOCAT/O// 

PV-A 
PA-2 
PA-3 
PA-4 
PAS 
PA-6 
PA-7 
PAS 
PA-3 
PA-AC 
PA-AA 
PA-/2 
PA-/3 
PA-A4 
PA-AS 
PA-A6 
PA J 7 
PA-/A 
PA-/3 
PA-2C 

/vc-A/E : _ 

OUTLET REG/OA/ VELOCITy TEST 

ELEVAT/ON 30'' 

P,-p^ 

O. /33 
A £.03 

0.6S6 
4./3 

/c.aa 
/. 03/ 

2.063 

A.6S7 
2,00 
2.062 

2,436 

0.37S 
A2SA 

^4'^s 

- 0.03/ 
/2.£3 

0.2/3 
S.38 

a£2£ 

o.soo 

- /. 032 

- 0. 7£0 
-£>,TA3 

0,6 £6 

-/.2£C 

O.C 

- a. 7S2 

YAW 
A//6/.£ 

205-° 
63° 
3S° 
37° 

//3° 
/£Z° 

/33° 

2S7° 
65° 

336' 

263° 

2/7° 
3/0° 

/A/D/CATSS- AE/LOC/TA' 
£A/£<AS/A TO AA£ASC/P£ . 

P/TCP 
AA/SLE 

-63° 
+ SS° 
+ 64° 
+ 78° 

+ 64° 
+ 73° 

-76° 

- 73° 
-70° 
-32° 

-77° 

~S6° 
-£/' 

A2LOC/7A 
PT/S£C 

A.04A 
3. 02 
A.8S 
4.4 s 

7.42 
2.3; 

3,620 

3.23S 
3,43 
3.634 

3.93S 

A.4S7 
2.866 

AAAS A/OT SP£A T 

OUTLET 

^ \ 
/ 
/ 

/ 
/ 

/ 

( 
i 

A 

NOZZLE 

/ 

\ 
\ 
\ 

X.. 

ELEiAAT/OA/ 30" 

1 ' " ^ K x 

> 
•, 19 

-^ 12 DOWU 

^ 9 

X-' B 
OP 

/ \ 4 •••••••• 
U P / 1 UP 

1 ^/ 

UP 
18 

^ 
OUr/.ET A/OZZA.E 

X 

\ ^ OUTLET NOZZLE 

\A' 

DOVilWX 

DO"'W \ 

DOWW f ^ 

/ 

/ / 

A' 



OUTLET REG/OAA y£LOC/Tr T£ST 

ELE\AAT/OA/ 24 " 

ppoeE 
A.aoAT/i:'// 

PA- / 
PA-2 
PA-3 
PA-4 
PAS 
PA-£ 
PA-7 
PAS 
PA-3 
PA-/0 
PA-// 
PA-/2 
PA-/3 
PA-A4 
PA-AS 
PA-A£ 
PA-A7 
PA-AS 
PA-A3 
PA-20 

P,-P^ 

0.2S0 
A 3.33 

0.££3 
/e.03 

A4.£ 
0.6S3 

2.2/3 

/.9£9 
0.S94 
2.638 

2.063 
0.2/3 
0.JS3 
2.034 

^4"^S 

-0.03/ 
/7.S6 
0.344 

2/. 34 

B.22 
0.063 

- /. oe2 

-a.3/3 
-0.344 
-A.37S 

- /./2£ 
0,2/3 

-0.03/ 
-a.3/2 

AAW 
A/ASA £ 

20£° 
23 O' 

27' 
39' 

/ J / " 
33° 

22S° 

233' 
//o° 
342° 

23£° 
/S3° 
202° 
3/£° 

P/TCA/ 
A/ASA £ 

-62° 
+ 30° 
+ 64° 
+ 30° 

+ 77° 
+ 64° 

-74' 

-72' 

-so' 
-77° 

-7S' 
+ 37° 
-63° 
-7/° 

AEL/PC/TA 
£7/-S£C 

^ — 
/ . /3 7 
3.6£ 
A.£9 
3.40 

3. SO 
/.39 

3.741 

3.433 
/.9£ 
4./4/ 

3.632 
A.o£ 
/.04/ 
3. £33 

A/OTE : 
///D/C/^T£S A£J.OC/rA IVAS //OT tSPEAIT £/AO/A£// 
TO AAEASUPE. 

OUTLET NOZZLE 

i 

ELEVAT/OA/ 24" 

N 

OUTLET NOZZLE 

OUTLET /VO.ZZAE 



OUTLET AREG/OA/ VELOC/Ty T£ST 

ELEVAT/ON /S " 

PPOBE. 
lOCATAO/A 

PA-A 
PA-2 
PA-3 
PA-4 
PAS 
PA-6 
PA-7 
PA-3 
PA-3 
PA-AC 
PA-// 
PA-/2 
PA-J3 
PA-/4 
PA-/S 
PA-/6 
PA-/7 
PA-/S 
PA-/3 
PA-2C 

P,-P^ 

(3.37 S 
24.8/ 

0.S63 
/6.03 

A4.9 
C.40£ 

O.A<S3 
2.03/ 

A.SOO 
/.2SO 
2.37S-

/. 7 SO 
0.2S0 
a.2s-o 
/.7SO 

^4-^s 

~C. C94 
2C.34 

0,2/9 
2/. 6 3 

//.sa 
o.oa'f 

-C. 03/ 
-0.33T 

-O. T3/ 
-C. 534 
-A. AS6 

-/. OOO 
0.3A3 

- O. C3A 
-0.344 

AZ/eZ-E 

223° 
63° 
27° 

/32° 

//7° 
66° 

76° 
2 44° 

293° 
S4'= 

334° 

236° 
33 7° 
336° 
3/7° 

P/T-C// 
A//&/.£ 

-££° 
+33° 
+ 64° 
+ 90° 

+3 7° 
+34° 

+60° 
-73° 

-77° 
-7£' 
-77° 

-79' 
+<SO° 
-£•2° 
-76' 

AE/.OC/TA 
£r/S£C 

A430 
//.2 

A 69 
9.30 

3.47 
A 43 

0.93 
3. £72 

3.039 
2.S/ 
3.334 

3.3-fS 
A/O 
/,/37 
3.323 

A/OTE : 
///0/CA7-ES AEAOC/TA A^/AS A/Or (5A!£yAT EA/OOS// 
7~a> /y7£:.A.^L/>=>£. . 

OUTLET NOZZLE 

i 

ELEVAT/OAA /8" 

OUTLET NOZZLE 

OlAT^ET A/OZZA.2 



OUTLET REG/OA/ VELOC/TY TEST 

PflOBE 
LCX/^7-/0// 

PV-/ 
A='A-2 
PA-3 
PA-4 
PV-S 
PA-6 
PA'7 
PA-S 
PA-9 
PA-/0 
PA-// 
PA-/2 
PA-/3 
PA-/4 
PA-/£ 
PA-/6 
PA-/7 
PA-/9 
PA-13 
P>A-20 

A/OTES : 

ELEVAT/ON /2 " 

p , -p^ 

0.3/2 
23./3 

/3.34 

/2.S3 
0.4£3 

0.344 
/•469 

0.6S7 
0.369 
/.37S 

/.£62 
0.3/2 
0.344 
/.•^0£ 

P^-P^ 

-0.063 
22.34 

20.63 

/0.72 
-0. /££ 

-o./sr 
-/0£3 

— 
-0.438 
-0.£€3 
-AO 

-0.37£ 
0./S7 
0.0 

- C. 7SO 

yA tv 
A//Si.£ 

22S° 
9-1" 

//9° 

//7° 
42° 

77° 
244° 

70° 
40° 

327° 

3//° 
33S° 
336' 
3/3° 

p/rc// 
A//a/-£ 

-e4' 
+ 36' 

+90° 

__ 
+38' 
+60' 

+ 60' 
-30° 

-33' 
-73' 
-73' 

-79° 
+ 74° 
-se° 
-73' 

VEIOCITA 
pr/ssc 

A 34 7 
/I.9 

- — 
3.S4 

7.3S 
/.£S 

/.33 
3. OSS 

2.03a 
2.49 
3.4(4 

3.A63 
A2£ 

/.336 
2.933 

/f//}/CA7-£S AE/.OC/TA WAS //OT SPCAT £/AOi/S// 
7-0 MSASI/PE . 

OUTLET NOZZLE 

h^\ / Y / / 

/ 
/ 

X 

ELEVAT/OAA 12" 

// 

\ 

13 ' .-KDOWIJ "-^ 

A,; \ DOWM \ 

+ 12 * 1'' 
^ ^ '^DOWKl 

+ 9 

UP V 
1 ^ 8 

' \ 
' \ 

\ +, \ 5> 

sV- UP V 
\ UP ' '' 
\ " " - - - . M S 

/ ' / "P 

\ / 

-1- - - -

i 
OUTLET NOZZLE 

OUTLET NOZZLE 

\ / ^ 

A \ 
7 • \ 
DOWN ' 

\ DOWM \ 

. "Al 
-•••*2 .• 15 

/ 
o 
o 



PPOBE 
L0CA7/0// 

_ PA- / 
PA-2 
PA-3 
PV-4 
PAS 
PV-6 
PA-7 
PV-S 
PV-9 
PA-/0 
PV-// 
PV-/2 
PV-/3 
PA-/4 
PA-/S 
PA-/6 
PV37 
PV-/S 
PA-/3 
PA-20 

A/07ES : 
— 

OUTLET f^ES/OA/ VELOC/Ty TEST 

ELEVAT/OA/ E" 

P, -p^ 

0.469 
43.3/ 

A6./2S 

/9.7SC 
0.466 

C.S3/ 
0.73/ 

0.37S 
0. 7/9 
/.3TS 
0,437 
7.23/ 
0.344 
C.437 
/./££ 

^ - - ^ 

-o.oea 
£3./3 

/3.34 

/s.9r 
-o.e2S 

-0. IS6 
-O. S3/ 

-O. 03/ 
-0.37S 
-/./37 
-0.37S 
-c.es3 

0.034 
0.0 

-C.S94 

AAW 
AA/SLE 

22S° 
/0£'' 

, — 
//7° 

" 
36° 
36° 

77° 
28S° 

33° 

27° 
36° 

273° 
34/° 
340° 
336° 
32/° 

P/TC// 
A/AeA£ 

„ 

-£2° 
+30° 

+30° 
— 
+37° 
+20° 

+60° 
-34° 

' 
-60° 
-77° 
-30° 
-33° 
-78° 
+67° 
-£6° 
-77° 

VE/OC/TA 
FT/SEC 

/ . 640 
/£.£ 

3.3 

/O.C 
/.43 

_ 
/.6£ 
2.232 

— 
/.462 

2. MO 
2.933 
/.770 

2.862 
/.32 
7.573 
2.7/2 

-— /f/D/CAT£S AEIOCITA WAS /AOT SPEAT E/AOuaP 
TO /4EASURE . 

OUTLET NOZZLE 

ELEVAT/OAA 6 " 

A/ 

OUTLET NOZZLE 

OC/TLET A/OZZIE 



OUTLET RE6/OA/ VELOC/Ty TEST 

ELEVAT/OA/ O '' 

PPiOB£ 
LOCAT/O/V 

PA-/ 
PA-2 
PA-3 
PA-^ 
PV-S 
PV-6 
PV-7 
PV-8 
PV-9 
PV- /O 
PV-// 
PA-/2 
PV-/3 
PV-/4 
PV-/S 
PA-/6 
PA-17 

PA-/3 
PV-/9 
PA-20 

Py-P^ 

_ _ _ 
0.£3/ 
3.66 
0.433 

A/A 

4.2B 
0.34 

0.43B 
A/A 

0.7£O 
0,37£ 

0.8/3 
0.3/3 
0.3/3 
/.o 

^•f^s 

-0.094 
/.44 

-0.3/3 
A/A 

£./3 
-o.£e2 

-O. /££ 
AAA 

-0.2S0 
-O.S 

-0.406 
CO 

C.03/ 
-0.£0 

AAW 
AA/SIE 

23 0° 
263° 
3£T° 

A/A 

63° 

24° 

73° 

A/A 

292° 
2Sa' 

26' 

340' 
336° 
32/' 

P/TC// 
A//e/.£ 

-63° 
+ 70° 
+4S° 

A/A 

+ 30' 
+ 20° 

+ 60° 
/AA 

-67' 
-34° 

-76° 
+63° 
-S6° 
-76° 

VE/OC/TA 
rr/s£c 

/.7sa 
4.260 
/.4£0 

A/A 

4.590 
/.ZSO 

/.S 

AAA 

2./30 
2.3£T 

2.272 
/.270 
1.332 
2.£20 

//CT£S : 
A/A- DATA //OT AAA//.ABLE AT T///S £LE\yAT/0/A CUE 

TO 0BS7PUCr/O//S. 
/fJD/CATES V£J.OC/TA WAS //Or SPEAT EA/OOS// 
TO /4eAsap£. 

• 

OUTLET NOZZLE 

/ 

/ 

\ 

\ 

\ 
\ 

X 

X 

ELEVAT/OA/ 0 " 

N 

\ 

^ - . - 14 \ 
DOWU 

^1? ^ DOWU 

UP , ' ' _ 
lO-tf-.^ \(o 

UP \ \ 

/ \ * £ 

4 1. 

^ ° / UF *- ' UP 

> 1 

X , ^ ^ / 

^ 1 - - - ^ 

OUT/ET A/OZZJ.E 

\ 
OUTLET NOZZLE 

\ ^ ' 

DOWU \ 

Z. 15 
Dowu Dowu 

/ 

/ 

' 

CXI 

o 
o 
13 



• 

OUTLET REG/OA/ VELOC/TT TEST 

ELEVAT/OA/ -6 

PROBE 
I CO AT/OA/ 

PV-A 
PA-2 
PA-3 
PV-4 
PV-5 
PV-6 
PA~7 
PV-8 
PV-9 
PA- AO 
PV- // 
PV-/2 
PV-/3 
PV-/i 
PV-/5 
PA-/6 
PA-/7 
PV-lf 
PA-/9 
Pi- -2A> 

P/ -P^ 

0.625 
A/A 

AAA 

A/A 

A/A 

A. 5 
0,62£ 

0.37S 

- 0.37S 
0.644 

^4- ^£ 

-O.O 34 
AAA 

A/A 

A/A 

AAA 

O.O 
-C.437 

-o. /se 

-C,03/ 
-0,406 

AAVA 
A//61E 

233° 
A/A 

A/A 

AAA 

A/A 

/sz" 
35" 

53° 

4° 
324° 

P/TC// 
A/A&A£ 

-62° 
AAA 

A/A 

AAA 

III 
AAA 

-55° 
-34° 

-76° 

-56° 
-75° 

A£lOC/T> 
£T/££< 

/.3T3 
A/A 

A/A 

AAA 

III 
AAA 

3.503 
2.0/ / 

1.544 

/.4S8 
2.302 

A'CTES : 
//A DA7A A-OT ^AA/i.ABJ.E AT T/A/S ELEAAT/O/A £>U£ 

TO o/BSrpucr/OA/s. 
///O/CATES iy£/.Oer/T>-' /l/AS A/OT SPEAT £A/OUe// 
TO A/TEASUPE. 

/ 
OUTLET NOZZLE 

^ / 

/ 
1 1 

1 
1 

ELEVATAOA/ 

/ - " ^ 

p -
/ 

/ 
/ / / / <-

\ \ 
\ 
\ \ 

\ 
\ 

A/ 

t 
+ 

/3 

+ 
/£ 

+ /O 

- ^ . -
+ 
.5-

[ 

I 

- 6 ' ' 

DOV/A/ ^ 3 ^ 
DOyVAA 

^ / . S 
: DOWA/ 

+ 
^ 4 

/e 

~ - \ 
-^N 

\ 4 
\ e 

4 / '' 
T ' 

/i 
/ 

/ 

OOT/.ET A/OZZALE 

\ 
OUTLET NOZZLE 

\ ^ 

+\ // \ 
\ 
\ 
\ 

DOWAA \ 

2 DOWAA 
OOWAA 

/ 
/ 

/ 



OUTLET RES/ON VELOC/TY TEST 

ELEVAT/OA/ -/£ 

PPOBE 
\ XOCAT/OAA 

PA-/ 
, PV-2 
'. PA-3 
\ PV-4 
\ PA-5 
\ PA-6 
\ PA-7 

PA-8 
PA-9 
PA-/0 
PA-// 
PA-12 
PV-/3 
PA-A4 
PV-/S 
PV-A£ 
PA-/7 
PA-AS 
PV-/3 
PA-20 

P,-P^ 

0.469 
AAA 

AAA 

A/A 

AAA 

A. 433 

O.O 34 

0.433 
o.r/3 

^4-^S 

-0./2S 
AAA 

AAA 

NA 

AAA 

-0.063 

~0. 063 

-0.062 
-0.37S 

AAW 
AA/6/.E 

27/° 

AAA 

A/A 

NA 

AAA 

~/37}_ 

326° 
326' 

p/rcA/ 
AA/eXE 

-££° 
AAA 

AAA 

NA 

AAA 

-53° 

-33" 

-62° 
-77° 

AELOC/TA 
PTASEC 

/•665 
A/A 

AAA 

NA 

AAA 

3.47S 

O. 776 

A.S3T 
2./37 

A/OTSS : 
AAA— DATA A/OTy^nyA/XABLE AT TA//S £i.EVAT/OA/ AlUE TO 

OBSTPUCT/OA/S. 
/A/D/CATES V£LOCAT>- WAS A/OT SPEAT EA/OUGP 
TO A4EASUPE. 

OUTLET NOZZLE 

ELEVATAON 

A/ 

-/2' 

OUTLET NOZZLE 

OiATLET A/OZZLE 

•X. 

O 



NOTES REGARDING PHENOMENA OBSERVED DURING TESTS AT THE DIFFERENT PROBE LOCATIONS 

PROBE LOCATION PV-1 

Elevation 0 

Visual observation of the yarn indicates an approximate pitch angle of 40° from 

vertical, and flow is upward. The yarn moves about - 10° on yaw angle. 

P, on the vertical manometer oscillates - 1/8". Pg and P, were difficult to keep 

balanced. P. and Pg remained stable at this elevation. 

Elevation 6 in. 

Visual observation of the yarn indicates an approximate pitch angle of 0° to 15° 

from vertical. Flow is upward. The yarn appears to swirl at times. The yaw angle 

moves in an arc of about 270°. The yarn does not remain stable long enough to 

establish the yaw angle, and at times it wraps around the probe - 360° plus. 

Pg and P, change i 3/32 from a balanced position on the vertical manometer. P^ 

and Pg remained stable at this elevation. 

Elevation 0 

A recheck at this elevation indicates a yaw angle of 138°. The yarn is still very 

unstable and the above remarks for zero elevation are valid for this recheck. 

Elevation 12 in. 

Visual observation of the yarn indicates a pitch angle of 10° to 25°. Flow is 

upward. The pitch and yaw angles indicated by the yarn at this elevation still fluctu

ate, but stability is much improved over the 0 and 6" elevations. The yarn still 

coils around the probe occasionally, in a counter-clockwise direction. On the vertical 

manometer P-j varies +3/32 in. - 0 P. and P, change ± 1/16 in from a balanced 

position. P. and P^ remained stable at this elevation. 

Elevation 18 in. 

Visual observation of the yarn indicates a pitch angle of 10° to 25° from the 

vertical. Stability of the yarn is much improved, with the yarn only occasionally 

colling around the probe. Velocity seems to be less at this elevation, although this 

could be due to improved stability of the yarn. 

P"! on the vertical manometer oscillates - 1/16. P- and P, remain balanced -1/32. 

P^ and Pn are stable. 

Elevation 24 in. 

Visual observation of the yarn indicates a pitch angle of 30° to 35° from vertical. 

Flow IS upward. The yarn still occasionally coils around the probe. The yaw angle 

appears to be the same as at the 18" elevation. 

P-l on the vertical manometer oscillates -1/16. P„ and P, remained stable. 

P. and Pg remained stable. Conditions seem improved at this elevation. 

Elevation 30 in. 

Visual observation at this elevation is very difficult due to obstructions and 

distortion. A very rough estimate of the pitch angle is 3b° to 40°. Flow is upward 

and easterly. 

Elevation 36 in. 

Visual observation of the yarn is very difficult Flow appears to be in 

an easterly direction and horizontal. However, the yarn is in view only at 

times At the end of this test probe number 1 will be installed and another 

set of data taken at this elevation 

Elevation 36 in. 

P^ and P, on the vertical manometer oscillate - 1/8 from a balanced position P. 

and Pg remain stable. After recording three sets of data at 103° yaw angle, read

justed the probe to try to improve the yaw angle stability. There was a very slight 

improvement at 103.5°. Three sets of data were recorded at this new setting. 

Elevation -12 in 

The yarn appears to drift lazily 360° horizontally and pitch angle from 0° to 

90°upwara The manometer reading showed no change when the yaw angle changed. 

Elevation -6in 

Same as -12 in elevation 



NOTE: 

At the following locations the probe is above the lower instrument support plate. 

This plate is not prototypical. The rechecks were made with Probe no. 1. 

Elevation 36 in. 

Unable to estimate pitch angle. It appears to be nearly horizontal. 

Elevation 37.5 in. 

Same as 36 in. elevation. 

Elevation 39 in. 

Same as 36 in. elevation. 

PROBE LOCATION PV-2 

Elevation -12 in. 

Direction of flow is downward. A very rough estimate of the pitch angle is 30° 

to 40° from the vertical. The velocity appears to be low at this elevation, as the 

movements of the yarn are very slow. 

Elevation -6 in. 

Direction of flow is downward. Estimated pitch angle is between 20° and 30° from 

the vertical. 

Elevation 0 

Direction of flow is downward. Estimated pitch angle is 20° to 30° from the vertical 

Elevation 6 in. 

Direction of flow is downward. Estimated pitch angle is 30° to 40" from the 

vertical. 

Elevation 12 in. 

Direction of flow is downward. Estimated pitch angle is 30° to *0° from the 

vertical. There is an occasional movement of the yarn to a near horizontal position. 

Elevation 18 in. 

Direction of flow is downward. Estimated pitch angle is 30° to ''O°from the 

vertical. 

Elevation 24 in. 

Direction of flow is downward. Estimated pitch angle is 20° to 30° from the 

vertical. A significant increase in the instability of the yarn is apparent at this 

elevation. It also appears that there has been a decrease in velocity. The yarn Is 

very lazy in its movements. 

Elevation 30 in. 

Direction of flow is downward. A very rough estimate of the pitch angle is 20° 

to 30° from the vertical. The velocity appears to be very low at this elevation. At 

times the yarn appears to hang from the probe. 

Elevations 34, 36, 37.5, and 39 in. 

Unable to view the yarn at this elevation due to obstructions. 

PROBE LOCATION PV-2 

Elevation 0 

From visual observation of the yarn, the flow is in a downward direction. The 

pitch angle is 20° to 30° from the vertical. Yaw angle estimated, 170°. 

Elevation 6 in. 

From visual observation of the yarn, the flow is tHtttnward. The pitch angle is 

approximately 20° to ^'^° from the vertical. The yaw angle is approximately 170°. At 

this elevation the yarn appears to be in a more turbulent zone. The yarn occasionally 

coils around the probe in a clockwise rotation, and at times it is briefly in a 

horizontal or in an up position. 

Elevation 12 in. 

Same as 6 in. elevation with a slight change in yaw angle. Yaw angle - 160°. 



Elevation 18 in. 

Visual observation of the yarn indicates a downward flow and a pitch angle of 

10° to 20° from the vertical. The yaw angle varies between 130° and 160°. The yarn 

at times appears to be neutrally buoyant and coils around the probe. 

Elevation 24 in. 

Visual observation of the yarn indicates a downward flow in a northeasterly 

direction. Unable to estimate pitch and yaw angle due to obstroctiona and view

port distortion. 

Elevation 30 in. 

Difficulty in seeing the yarn due to distortion. However, the yarn appears to 

be in a nearly horizonal position. 

Removed probe no. 4 and installed probe no. 1. The direction of flow appears 

to be horizontal and easterly. In adjusting the probe, the maximum differential 

pressure is less than 1/8" of water. (P,-P„, P.-Pg). P. and Pg very nearly 

balance on the vertical manometer. P. is within ± 1/64 in. of Pg. 

Elevation 36 in. 

From the south view-port, the yarn indicates an easterly direction of flow. 

Looking at the pool surface, the direction of flow appears to be westerly. Data 

will be recorded for both directions. Pitch angle appears to be nearly horizontal. 

Probe response is about equal in either yaw angle position. 

PROBE LOCATION PV-3 

Elevation 0 

The probe is in contact with the top of the driver tube. 

Elevation 6 in. 

Velocity measurement of this elevation is influenced by the jetting action from 

the driver tube coolant discharge. 

Elevation 12 in. 

Considerable difficulty in determining the yaw angle. 

Elevation 18 in. 

Everything operates well at this elevation. 

Elevation 24 in. 

It was very difficult to maintain P^ and P^ in a balanced position at a yaw angle 

of 76.6°. Pp and P, would vary - 1/4 in. from a balanced position. 

Elevation 30, 36, 37.5 and 39 in. 

Everything seems okay. 

PROBE LOCATION PV-3 

Elevation 0 

It is difficult to measure the yaw angle. Pressures Pj, and P, fluctuate 

- 1/32 inch. After recording the first two sets of data at 0 in. elevation and 

a yaw angle of 266.2°, the probe was rotated 180°. P, and P, would not balance 

at this angle. The differential pressures were also too great to keep them on the 

manometer panel. Pp and P, would however balance at 117.6°, two sets of data were 

recorded at this angle. 

Elevation 6 in. 

Three sets of data were recorded at 264.3° yaw angle. The probe was then rotated 

180°. Pp and P, would not balance at this angle. Yaw was then adjusted to 102.6° . 

At this setting P, had to be valved off to keep Pg on the manometer panel. After 

recording two sets of data for P. and Pg, P- was then valved off and P, opened. Two 

sets of data for P-, and Pp were then recorded. There was difficulty in establishing 

the yaw angle at 102.6°. The probe did not respond well, - 2° at 102.6°. 

Elevation 12 in. 

The probe response for a yaw angle of 92° was still poor but somewhat improved 

from the 6 in- elevation. 

At 18 in. elevation the 61.1° yaw angle is still difficult to obtain. 

The 24, 30, 36 inch elevation conditions were much improved. 

Data were collected using No. 1 and No. 4 probes fitted with a length of hose to 

restrict flow going up and around probe. 



PROBE LOCATION PV-4 

Elevations 0 and 6 in. 

Unable to see the yarn attached to the probe. Recorded two sets of data,« 180° 

apart. 

Elevation 12 in. 

The AP, P-.-Pr, changes ~ 3/32, P^-Pg - 1/16 on the vertical manometer. 

Elevations 18, 24, and 30 in. 

Everything okay. 

Elevation 36 in. 

Probe no. 4. Data out of the range. 

There is difficulty in keeping P- and P, balanced at this elevation. This problem 

has occured with both probes (1,4). P, appears to be wandering. It varies from 

Pg + 1/8. -0 (at 319°). 

At 118° yaw angle pressures Py and P, go out of balance - 1/2 in. The change 

is much more rapid than at previous probe locations. 

All data recorded at this elevation were taken at the best balanced positions of 

Pg and Pn. However, Pg and P, were never balanced longer than 5 to 10 seconds. 

PROBE LOCATION PV-5 

Remarks: 

The probe is coming into contact with some tube in the model. The probe was 

later found to be making contact with the CL-2 mixing probe. This may cause difficulty 

in running the velocity and mixing tests simultaneously. 

When rotated 180°, tip of probe is in contact with some internal member (tube). 

Elevation 0 

The velocity probe comes in contact with the top of the driver tube. Unable to 

measure velocity at this elevation. 

Elevation 6 in. 

There is a jetting action from the driver coolant discharge at this elevation. 

Elevations 12 and 18 in. 

Everything operates well. 

Elevation 27 in. 

At all previous elevations, when adjusting the probe to measure the yaw angle, 

an increase in the yaw angle causes an increase in Pg and a decrease in P-. However, 

at this elevation and a yaw angle of 106.8° an increase in yaw angle increased P, 

and decreased P^. 

Elevations 30, 36. 37.5, and 39 in. 

Everything operates well. 

PROBE LOCATION PV-6 

Remarks: 

At the 0, 6. 12. 18. and 24 in. elevations the pitch angle is approximately 30° 

to 35° from the vertical. Flow is upward. 

At the 30 in. elevation, the pitch angle is approximately 45° to 50°. Flow is 

upward. 

At the 36" elevation the pitch angle appeared to be almost horizontal (0°). 

Visual observation of the yarn is very difficult at this elevation. 

Visual observation of the yarn which is attached to the lower end of the probe 

was utilized in determining the correct yaw angle at all elevations. 

It was noted that at this probe location the pressures showed a greater oscillation 

than at any of the previous locations, approximately — 1/8 in. HgO. The oscillation 

was more pronounced on P, and Pg. 



• 

PROBE LOCATION PV-7 

Elevations 0. 6, 12. 18. 24, 30, and 36 in. 

The probe location is in the core. Visual observation of the yarn attached to the 

probe IS impossible due to obstructions at all elevations. 

The data recorded at the 36 in. elevation 7-28-70 were taken with only fifteen 

minutes balance time. Another set will be recorded later giving the manometer additional 

time to balance. 

Elevation 0 and 6 in. 

P, pressure varies - 3/16 in. 

Elevation 12 in. 

Probe response is poor when adjusting for a yaw angle of 111.4°. P, pressure 

varies — l/8in. 

Elevation 18 in. 

The pressure response is poor when the probe is adjusted to measure the yaw angle. 

P, varies - 1/8 in. I shut the loop down, with P- and P, balanced at a yaw angle of 

7.4°. The following set of data was taken after startup without making any adjust

ments to probe settings. Pg and P, returned to a balanced position. Used a five 

mnute waiting period after Po and P, balanced before recording the data. 

Elevation 24. 30. 36, 37.5, and 39 in. 

Probe response still is slow. 

PROBE LOCATION PV-8 

Elevation 0 

Visual observation of the yarn indicates a pitch angle of~40° to 50° from the 

vertical Floi- is upward 

Elevation 6 in. 

Visual observation of the yarn indicates a pitch angle ofr-40° to 45° from the 

vertical. Flow is upward. 

Elevation 12 in. 

Visual observation of the yarn indicates a pitch angle of~ 30° to 40° from the 

vertical. Flow is upward. 

Elevation 18 in. 

Visual observation of the yarn indicates a pitch angle of ~ 10° to 20°from the 

vertical. Flow is upward. 

Elevation 24 in. 

Visual observation of the yarn is difficult at this elevation due to obstructions. 

A rough estimate of the pitch angle is 20° from the vertical. Flow is upward. 

Elevation 30 in. 

Unable to see yarn at this elevation. Did not rotate probe 130° as adjustment 

of probe for yaw angle continued in a plus direction as it had at previous elevations. 

Elevation 36 in. 

Unable to see yarn at this elevation. The data at this elevation approach the 

maximum range of probe no 4 However, recorded three sets of data usina this 

probe as we would not have time to make a probe change this evening 

Elevation 36 in. 

Probe no. 1 has been installed. Probe response at both yaw angles is 

good, however at 326° the data recorded are at the maximum end of the range for 

this probe. 



PROBE LOCATION PV-9 

Elevation 0 

The general d i rec t ion of f low appears to be upward. Pi tch angle ~ 4 0 ° to 50° 

from the v e r t i c a l . The yarn is very unstable a t t h i s e levat ion. I t changes ve r t i ca l 

d i rec t ion as well as yaw d i r e c t i o n , and at times appears to be f l o a t i n g . 

P-|̂ -P2 on the ve r t i ca l manometer is general ly balanced, and at times d r i f t s 

negative. Data would ind icate we are operating beyond the range of th i s probe. 

Wi l l i n s t a l l no. 1 probe at a l a t e r t ime. 

Elevation 6 i n . 

The yarn is changing d i rec t i on constant ly . I t does not s t a b i l i z e in any pa r t i cu la r 

d i rec t ion to reasonably estab l ish the yaw or p i t ch angle. The yarn appears to be 

almost f l o a t i n g . 

Elevation 12 i n . 

The yarn i s much more stable than a t the two previous e levat ions , but i t s t i l l 

shows considerable d r i f t . The yarn appears to be almost f l o a t i n g . Pitch angle 40° 

to 50° from ve r t i ca l (very rough est imate). Flow is general ly upward. 

Elevation 18 i n . 

I t is very d i f f i c u l t to establ ish a p i tch angle due to d i s t r o t i o n through the view 

por t . A very rough est imj te is 20° to 30°.from v e r t i c a l . Flow is upward. Unable 

to estab l ish a yaw angle by observing the yarn. 

Elevation 24 i n . 

Di rect ion o f f low is upward. Pi tch angle 30° to 40° from v e r t i c a l . 

Elevation 30 i n . 

Unable to see yarn well enough to es tab l ish a p i tch angle. 

Elevation 36 i n . 

Unable to see yarn at t h i s e levat ion. 

The d i rec t ion of f low in t h i s locat ion (PV-9) at elevat ions 0 and 6 in . seems very 

unstable. The yaw angle appears to reverse between 6 in and 12 i n . Pressures P-i, Pg. 

P,, P., and Pg were a l l equal at t imes. 

PROBE LOCATION PV-10 

Elevation 0 

Visual observation of the yarn indicates a p i tch angle o f 10° to 20° from the 

v e r t i c a l . Flow is upward. 

Elevation 6 i n . 

Visual descr ip t ion at th i s e levat ion i s iden t i ca l to 0 e leva t ion . 

Elevation 12 i n . 

Visual descr ip t ion at th i s e levat ion i s the same as 0 e leva t ion . 

Elevation 18 i n . 

Visual observation of the yarn indicates a p i t ch angle of 20° to 30° from v e r t i c a l . 

Flow is upward. The yarn appears to be f l o a t i n g more a t t h i s e leva t ion . 

Elevation 24 i n . . 

At t h i s elevat ion the d i rec t i on of the f low is general ly upward. However, the yarn 

of ten moves down the prbbe and c o i l s around i t in a counter-clockwise d i r e c t i o n . The 

yarn appears to be f l o a t i n g most of the t ime. A very rough estimate of the p i t ch 

angle is 30°. The yarn is very unstable a t t h i s e leva t ion . 

Elevation 30 i n . 

The yarn is very unstable a t t h i s e leva t ion . Flow appears to be general ly 

upward. Unable to estimate yaw angle due to i n s t a b i l i t y o f the yarn . 

Elevation 36 i n . 

Changed probes for t h i s e leva t ion . Yarn indicates a nearly hor izontal p i tch angle. 



PROBE LOCATION PV-11 

Elevation 0 

Unable to check this location. The probe comes into contact with the flange 

around the discharge nozzle. 

Elevation 6 in. 

Unable to see yarn at this elevation due to obstructions. By raising the probe 

up about three inches the yarn is visible and indicated the flow is downward. 

Elevations 12. 18. 24. and 30 inches 

Flow at these elevations is downward. 

Elevation 36 in. 

Flow appears to be about 80° from vertical and downward. Visual observation 

at this elevation is difficult as the yarn seems to be influenced by the flow going 

up around the probe and through the vortex suppression plate. 

Elevations -2, -6, and 0 in. 

Unable to obtain data at these elevations as the probe comes into contact with the 

outlet nozzle flange at~4 in. and cannot be lowered beyond that elevation. 

Elevations 6 and 12 in. 

Unable to view yarn at this elevation due to obstructions. 

Elevation 18 in. 

Direction of flow is downward. Unable to estimate yaw or pitch angle due to the 

angle of viewing the yarn. 

Elevations 24 and 30 in. 

Direction of flow is downward. It appears to be almost vertical. Pitch angle 

is very difficult to estimate because of the angle of sight. 

Elevation 34 in. 

Flow appears to be downward. Unable to estimate yaw and pitch angles, however, the 

direction of the flow appears to have moved towards the horizontal. 

Elevation 36 in. 

The yarn goes up toward the opening in the suppression plate. The P4-P5 differential 

is very unstable. Also Pg and Pg vary - 1/8" from a balanced position. 

Elevations 37.5 and 39 in. 

The yarn moves up into the suppression plate opening. 

PROBE LOCATION PV-12 

Elevation 0 

Flow is 80° to 90° from vertical and appears to be slightly downward. 

Elevation 6 in. 

Flow is 80° to 90° from vertical and appears generally to be slightly upward. 

Elevation 12 in. 

Flow is generally upward. The yarn appears to be almost floating and moves in 

all directions, including downward at times. It also coils around the probe counter

clockwise. The pitch angle appears to be •v 50° to 80° from vertical. 

Elevation 18 in. 

Unable to estimate pitch angle due to instability of the yarn. Flow appears to 

be upward. 

Elevation 24 in. 

Pitch angle appears to be -̂  20° to 30°ff.om the vertical .Direction of flow is 

upward but the yaw angle appears to be reversed. The yarn seems to almost sink at 

times as if there were not enough flow to keep it moving. 

Elevation 30 in. 

Stability of the yarn seems greatly improved at this elevation. Pitch angle 

-v 20° to 30° from vertical. 

Elevation 36 in. 

Stability is good at this elevation. Pitch angle-^- 90° from vertical. 



PROBE LOCATION PV-13 

Elevation 0 

Flow is general ly upward. The yarn i s very unstable a t th i s e levat ion making i t 

very d i f f i c u l t to estimate the p i tch angle. The yarn is in a downward d i rec t i on 

'x, 40% of the t ime. 

D i f f i c u l t y in balancing Pg and P^. ^^'^2 ' ^ negative 80% of the t ime. 

Viewing the yarn a t t h i s locat ion (PV-13) w i l l be d i f f i c u l t a t a l l elevations 

due to d i s t o r t i o n . 

Elevation 6 i n . . 

Flow is downward. Unable to estimate p i t ch angle. 

Elevation 12 i n . 

Flow is downward. Unable to estimate p i tch angle due to d i s t o r t i o n . 

Elevation 18 i n . 

Unable to see the yarn a t t h i s e levat ion . However, lowering the probe "^ 1 inch 

makes the yarn v i s i b l e . The d i rec t i on of f low i s downward. Unable to estimate p i tch 

angle due to d i s t o r t i o n . 

Elevation 24 and 30 i n . 

Unable to see yarn at these e levat ions. Wi l l assume a downward f low and i n s t a l l 

No. 1 probe fo r 36 i n . e levat ion . 

Elevation 36 i n . 

Unable to see the yarn. Probe SK-3-15531 (No. 1) i n s t a l l e d . Wi l l record data 

"^ 180° apart . 

The probe responds well a t 258° yaw angle, but very poorly a t '^ 70° to 90°. An 

adjustment of 20° fo r yaw angle makes very l i t t l e , i f any, chcinge in the pressures 

inaicated on tne manometer. 

Elevation -12 i n . 

Flow is upward. Estimated p i tch angles- 20° to 30° from v e r t i c a l . 

Elevation -6 i n . 

Flow is upward. Estimated p i tch angle "^30° to 40° from v e r t i c a l . 

Elevation 0 

The yarn is very instable at this elevation. Flow appears to be generally 

upward. Estimated pitch angle T- 40° to 50° from vertical. 

Elevation 6 in. 

Direction of flow appears to be downward. Unable to estimate yaw or pitch angle 

due to the angle of viewing the yarn. Will record data-v, 180° apart. The yarn is 

very unstable and frequently changes direction, ^.180°. Velocity would appear to be 

very low as the movement of the yarn is very lazy. Probe response to yaw angle 

adjustments is very poor. Balancing Pg and P^ has been time consuming. 

Elevation 12 in. 

Flow appears to be downward. Unable to estimate yaw and pitch angles due to 

the angle of viewing the yarn. 

Elevation 18 in. 

The yarn is not visible at this elevation. 

Elevation 24 iw. 

The yarn is not visible at this elevation. 

Elevations 30, 34 and 36 In. Probe No. 2 

The yarn is not visible at these elevations. 

9-24-70 

Elevation 34 in. 

Note different yaw angles using Probes 1 and 2. 

Elevation -6 in. 

At -v 90° P.|-P2 is negative and <l/2 in. At 270° P, through Pg appear almost 

equal. 

Elevation -12 in. 

P,-P. <l/2 in. Considerable time was spent trying to balance P^ and P,. 

P,-P2 was never greater than 1/4 in. even though the probe was rotated 360°. Due 

to the low velocity I did not continue to try to determine the yaw angle. 

Probes No. 1 and No. 2 and No. 4 were used at 0, -6 and -12 in. elevations. 



PROBE LOCATION PV-14 

Elevation 0 

Flow IS downward. Approximate p i tch angle. 20° to 30 ' from v e r t i c a l . 

Elevation 6 i n . 

Flow IS downward. Approximate p i tch angle 30° to 40° from v e r t i c a l . 

Elevation 12 i n . 

Flow IS downward. Approximate p i tch angle 30° from v e r t i c a l . 

Elevation 18 i n . 

Flow IS downward. Approximate p i t ch angle 20° from v e r t i c a l . 

Elevation 24 i n . 

Flow IS downward. Approximate p i tch angle 30° from v e r t i c a l . 

Elevation 30 i n . 

Flow IS downward. Approximate p i tch angle 30° from v e r t i c a l . 

Elevation 36 i n . 

Flow appears to be downward. Approximate p i tch angle 100° to 110° from ve r t i ca l 

Some d i f f i c u l t y in est imating p i tch angle due to d i s t o r t i o n . 

Elevation 0 

Flow IS downward. A rough estimate of the p i t ch angle is •^45° to 50° from 

v e r t i c a l . V i s i b i l i t y of the yarn i s poor a t t h i s e leva t ion . 

Elevation 6 i n . 

Flow IS downward. Estimated p i tch angle -^"lO" from v e r t i c a l . Yaw angle would 

appear to be "^330° but Pg and P, w i l l not balance at that angle. This may be 

due to v iew-port d i s t o r t i o n and an inaccurate estimate of the yaw angle. 

Elevation 12 i n . 

Flow IS downward. Estimated p i tch angle -̂ -10° to 20° from v e r t i c a l . 

Elevation 18 i n . 

Flow IS downward. Estimated p i tch angle "^-lO" to 20° from v e r t i c a l . 

Elevation 24 i n . 

Flow IS downward. Estimated p i tch angle 10° to 20° from v e r t i c a l . 

Elevation 30 i n . 

Flow IS downward. Estimated p i tch angle ~ 20° to 30° from v e r t i c a l . Some d i f f i c u l t 

IS estab l ish ing the yaw angle. Response of probe is poor. 

Elevation 36 i n . 

Flow appears to be hor i zon ta l . Estimated p i t ch angle. ~ 90° from the v e r t i c a l . 

Elevation 37.5 i n . 

Flow IS downward. Estimated p i t ch angle 60° to 80° fcom the v e r t i c a l . D i f f i c u l t y 

in recording data at th i s e leva t ion . The yarn wraps around the probe t i p . cu t t i ng o f f 

some pressure. The yarn does not unwind once i t is in th i s pos i t i on . Correction 

requires ro ta t ing the probe, and wai t ing fo r the manometer to balance, but t h i s 

lengthens the tes t considerably. 

Elevation 39 i n . 

Unable to estab l ish d i rec t i on of f low. I t would appear to be upward, however, 

the yarn w i l l go up through the probe opening in the suppression plate and come back 

out . The yarn s t i l l wraps around the probe at times in a clockwise d i rec t i on and 

w i l l not unwrap. 

Elevation -12 i n . 

Flow appears downward. Pitch angle -"̂  20° to 30° from v e r t i c a l . The yarn i s very 

unstable. I t has been very d i f f i c u l t to balance P, and Pj, 

Elevation -6 i n . 

Conditions same as at -12 i n . e levat ion . 

Elevation 34 i n . 

Flow appears downward. A very rough estimate of the p i t ch angle is «^40° to 50° 

from the v e r t i c a l . 



PROBE LOCATION PV-15 

Elevation 0 

Flow is downward. Approximate pitch angle is 10° to 20° from vertical. 

Elevation 6 in. 

Visual description is the same as 0. 

Elevation 12 in. 

Visual description is the same as at 0. 

Elevation 18 in. 

Flow is downward. Approximate pitch angle 10° from vertical. 

Elevation 24 in. 

Flow is downward. Approximate pitch angle 20° to 30° from vertical. 

Elevation 30 in. 

Flow is downward. Approximate pitch angle 0° to 10° from vertical. 

Elevation 36 in. 

Flow is downward. Approximate pitch angle 30° to 40° from vertical. 

Elevation 0 

Flow is downward. The pitch angle as indicated by the direction of the yarn varies 

from 30° to 0° to 30° from the vertical but mostly points vertically downward at 0° 

from the vertical. 

Elevation 6 in. 

Flow is downward. The pitch angle is ̂  0° from the vertical. 

Elevation 12 in. 

Same as at 6 in. 

Elevation 18 in. 

Same as at 6 in. 

Elevation 24 in. 

Same as at 6 in . 

Elevation 30 in. 

Flow is downward. Pitch angle -^10° from vert ical . 

Elevation 34 in . 

Same as at 30 in . 

Elevation 36 in. 

Flow is downward. Pitch angle r>*10° to 20° from vert ical . 

Elevation 37.5 i n . ' 

Flow is downward. Pitch angle /v 10° to 30° from vert ical. 



PROBE LOCATION PV-17 

Note: 

At the 18 and 24 in. probe elevations, was unable to determine the yaw angle. 

It does not seem as though the probe has enough sensitivity. The probe did not 

respond well to adjustments at any of the first six elevations (0 to 30 in). 

At 36 in. the probe response was much better, although still sluggish. 

Elevation 0 

Flow i s downward 20° to 30° from v e r t i c a l . 

Elevation 6 i n . 

Flow i s downward 15° to 20 ' from v e r t i c a l . 

Elevation 12 i n . 

Flow i s downward 30° to 35° from v e r t i c a l . 

Elevation 18 i n . 

Flow is downward 30° to 35° from v e r t i c a l . 

Elevation 24 i n . 

Flow is downward 35° to 40° from v e r t i c a l . Encountering d i f f i c u L t y i s 

est imat ing the p i t ch angle due to v iew-port d i s t o r t i o n . 

Elevation 30 i n . 

Flow is downward 30° to 40° from v e r t i c a l . 

Elevation 36 i n . 

Unable to estimate p i tch angle, as the yarn tends to go up toward the hole fo r the 

probe, tha t is in the suppression p la te . 

Elevat ion -11 i n . 

Flow appears to be general ly downward. Approximate p i t ch angle is 60° from ve r t i ca l 

The f low at t h i s e levat ion appears to be very unstable. The yarn w i l l move to a near ly 

hor izontal pos i t ion and at times w i l l wrap around the probe in a clockwise d i r e c t i o n . 

The ve loc i t y appears to be very low. 

Elevation -6 in. 

Flow is downward. Estimated pitch angle ̂  30° to 40° from vertical. The yarn 

is still unstable and at times will move to a horizontal position. Stability is 

improved at this elevation, however. 

Elevation 0 

Flow is downward. Estimated pitch angle .̂  20° to 30° from vertical. Stability 

of the yarn is improving. 

Elevation 6 in. 

Flow is downward. Estimated pitch angle >s^ 10° to 20° from vertical. Probe 

response has been poor at this elevation. 

Elevation 12 in. 

Flow is downward. It is very difficult to establish a pitch angle at this elevation 

as the direction of flow is toward the observer. A very rough estimate is 20° to 30° 

from the vertical. 

Elevation 18 in. 

Flow is downward. Unable to estimate pitch angle as flow is toward the 

observer. 

Elevation 24 in. 

Flow is downward. Unable to estimate pitch angle. 

Elevation 30 in. 

Flow is downward. Unable to estimate pitch angle as the direction of the flow is 

towards the observer. 

Elevation 34 in. 

Flow is downward. Due to distortion tnis operator was unable to establish pitch 

angle. Due to distortion in viewing, the yarn data will be recorded 180° apart. 

Elevation 36 in. 

Flow is downward. Unable to estimate pitch angle due to distortion. Data will 

be recorded/- 180° apart. At 9°, P-i-Po is negative. Probe no. 2. 



The direction of flow appears to be upward with the no. 1 probe in this location. 

The yarn attached to this probe is •»• 1/2" higher on the probe, than on no 2 probe. 

Unable to establish yaw angle. Will record data .̂ 180° apart 

Elevation 37.5 in. 

Observing the yarn at this elevation is very difficult due to distortion. The 

yarn appears to be going up into the opening in the suppression plate. Data will be 

recorded/f 180° apart. 

Elevation 39.0 in. 

The yarn flows upward through the suppression plate opening. Two sets of data will 

be recorded ~ 180° apart. 

PROBE LOCATION PV-18 

Elevation 0 

Flow IS upward. Approximate pitch angle 10° to 30° from vertical. 

Elevation 6 in. 

Flow IS upward. Approximate pitch angle 20° to 30° from vertical. 

Elevation 12 in. 

Flow IS upward. Approximate pitch angle 20° to 30° from vertical. 

Elevation 18 in. 

Flow IS upward. Approximate pitch angle 20° to 30° from vertical. A slight 

increase in the instability of the yarn is observeo at this elevation The yaw 

angle will reverse ^180° briefly at times. 

Elevation 24 in. 

Flow IS upward. Approximate pitch angle 30° to 40° from vertical. The velocity 

appears to be very low at this elevation as the yarn floats at times The yarn is 

very unstable in reference to the yaw angle. Due to this instability two sets of 

data have been recorded at ~' 180° apart. 

Elevation 30 in. 

Observing the probe at this elevation is very aifficult ouc to the angle of the 

view-port to the probe. Unable to estimate pitch angle. The flow appears to be nearly 

horizontal or slightly downward at this elevation. 

Elevation 36 in. 

Unable to see the yarn at this elevation. Data are out of the range of probe 

No. 4. Necessary to install probe No. 1. 

At this elevation the probe is very close to the instrument tree support plate 

and bracket. 

Lowering the probe ^-0.2 in. the yarn is visible and indicates a nearly 

horizontal flow. 

PROBE LOCATION PV-19 

Elevation 0 

Flow appears generally downward The yarn is very unstable and moves in an upward 

direction at times Unable to estimate pitch angle Yarn appears to be almost floating 

Elevation 6 in 

The yarn is very unstable at this elevation, floating in almost all directions Flow 

appears to be slightly upward Unable to estimate pitch angle 

Elevation 12 in 

Flow appears to be upward A very rougn estimate of pitch angle is 40° to 86° from 

vertical Yarn is very unstable and almost floats at times The probe is not responsive 

to adjustments for yaw angle 

Elevation 18 in 

Unable to establish a definite direction of flow It appears to be nearly horizontal 

The yarn seems to hang from the probe at times , then sweeps upward to an almost 

vertical position, and then drops to a horizontal position momentarily 



Elevation 24 in. 

Flow IS generally downward, with the yarn occasionally moving upward. Yarn still 

appears to be hanging from the probe at times. Approximate pitch angle 30° to 40° from 

vertical. 

Elevation 30 in. 

Flow IS downward. Approximate pitch angle 30° to 40° from the vertical. There is 

a definite increase in velocity at this elevation. Yarn stability has improved and it 

does not appear to float. 

Elevation 36 in. 

Flow IS downward. Approximate pitch angle 110° from tie vertical. 

Elevation -12 in. 

Flow appears to be downward. Estimated pitch angle ~ 40° to 60° from the vertical. 

Very difficult to estimate pitch angle due to distortion. The yarn at times will move 

to a nearly horizontal position 

PROBE LOCATION PV-19 

Elevation -6 in. 

Flow is downward. Estimated pitch angle /v30° to 40° from vertical. 

Elevation 0 

Flow appears to be generally downward. A very rough estimate of the pitcn angle 

IS <«^40° to 50° from the vertical. The yarn is very unstable at this elevation, and will 

at times move to an upward position. Velocity appears to be low. 

Elevation 6 in. 

Flow appears to be upward with an approximate pitch angle of 60° from the vertical. 

The data, however, indicated that the flow is downward The yarn is very unstable and 

IS downward at times. 

Elevation 12 in. 

Flow IS generally upward with an approximate pitch angle of 40° from the vertical. 

The yarn is very unstable and moves to a aown position at times 

Elevation 18 in. 

Flow IS generally upward. The yarn is very unstable, making it impossible to 

estimate the pitcn angle. The velocity appears to be very low, as the yarn floats 

around very slowly with an occasional burst of movement. Data again do not agree 

with the visual observation of the yarn. 

Elevation 24 in. 

Flow is generally upward. The yarn is still very unstable, making it impossible to 

estimate the pitch angle. Velocity appears to be very low. After rotating the probe 

approximately 180° the data still appear to be good. The direction of the yarn, however, 

IS now generally downward, indicating a downward flow. The yarn is still very unstable 

with frequent movements to an upward position. Probe response to yaw angle adjustments 

IS very poor. 

Elevation 30 in. 

Stability of the yarn is much improved at this elevation. Flow is downward. 

Estimated pitch angle 40° to 60° from the vertical There appears to be an increase in 

velocity at tins elevation. 

Elevation 34 in. 

Flow appears to be downward. Estimated pitch angle ^60° to 70° from the vertical. 

Elevation 36 in. 

Flow IS downward. Estimated pitcii angle/* 70° from vertical. 

Elevation 37.5 in. 

Flow IS downward. Estimated pitch angle z*-80° from vertical. 

Elevation 39 in 

Flow appears to be downward. Estimated pitch angle,*. 80° to 90° from the vertical. 



PROBE LOCATION PV-20 

Elevation 0 

Flow is downward. Approximate pitch angle 20° to 30" from vertical. 

Elevation 6 in. 

Flow is downward Approximate pitch angle 20° to 30° from vertical. 

Elevation 12 in. 

Flow is downward. Approximate pitch angle 10° to 20° from vertical. 

Elevation 18 in. 

Flow is downward. Approximate pitch angle 10° to 20° from the vertical. 

Elevation 24 in. 

Flow is downward. Approximate pitch angle 10° to 20° from the vertical. 

Elevation 30 in. 

Flow is downward. Approximate pitch angle 10° to 20° from vertical. 

Elevation 36 in. 

Flow is downward. Approximate pitch angle 0° to 15° from vertical. 

Elevation -12 in. 

Flow appears to be downward. The yarn is somewhat unstable. Estimated pitch angle 
I 

m ^ 20° to 30° from vertical. 

Elevation -6 in. 

Flow is generally downward. Pitch angle ~30° to 40° from the vertical. The yarn 

at times, will move toward the horizontal and tend to wrap around the core restraint 

tube. 

Elevation 0 

Flow is downward. A very rough estimate of the pitch angle is <^ 20° to 30° from the 

vertical. Stability of the yarn is improving with increasing elevation of the probe. 

Elevation 6 in. 

Flow is downward. Estimated piteh angle i»'30°to 40° from the vertical. 

Elevation 12 in. 

Flow is downward. Estimated pitch angle-'30° to 40° from the vertical. 

Elevation 18 in. 

Flow is downward. Estimated pitcli angle -v 30° from the vertical. 

Elevation 24 in. 

Flow is downward. Estimated pitch angle /̂  30° from the vertical. The flow tends 

to reverse the yarn in respect to the yaw angle. Will record data •«'180° apart. 

Elevation 30 in. 

Flow is downward. Some difficulty in viewing the yarn at this elevation due to the 

obstructions. A very rough estimate of the pitch angle is -^20° to 30° from the vertical. 

Data will be recorded 180° apart. 

Elevation 34 in. 

Direction of flow is downward. A very rough estimate of the pitch angle is 

'—• 10° to 30° from vertical. Data will be recorded /viso" apart. 

Elevation 36 in. 

Unable to view the yarn at this elevation due to obstructions. Note different yaw angli 

and velocities at '~-180°. The yaw angle of 81.6° was last data point recorded before 

shut down on 9-30-70. The second set of data recorded at 85.6° was the first set of data 

recorded 10-1-70 after startup. At 248° Pg and P^ drift ~ 3/32 in. from a balanced 

position. 

Elevation 37.5 in. 

Unable to view the yarn at this elevation due to obstructions. It appears that 

Pj, and P.- balance at f^ 294°. The probe comes into contact with tiie restraint tube 

at '«'290°. 

Elevation 39 in. 

Unable to see yarn at this elevation. 
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EXHIBIT B 
EXPERIMENTAL TECHNIQUES 

VELOCITY SENSORS 

Sensor Selection 

A study was made of the literature to learn what types of devices had been 

used by others to measure local velocities of water. The bulk of the published 

information concerns measurement of air velocities, but some work has been done 

on measuring local water velocities principally in research on ship hulls and 

propellors. Most of these investigators used 5-ho1e Pitot tubes which they 

built and calibrated themselves. 

Other types of local velocity measuring devices investigated included the 

hot-wire anemometer and a laser device. The laser device could not be used 

because it required two clear lines of sight to each point at which the vel

ocity was to be measured, and this was not availablein our current vessel model. 

The hot-wire anemometer had certain features which would have made its use 

more desirable for some velocity-measuring requirements, e.g., response time, 

but which were of no benefit in this particular investigation. Moreover, the 

hot-wire anemometer device is more difficult to use, it requires a much greater 

learning time, and utilizes more expensive analysis equipment. In addition it 

exhibits other disadvantageous features when used to measure water velocities. 

Because of the shortness of time and limited funding availability, plus the 

lack of any advantage for this particular case, the decision was made to use 

the 5-ho1e Pitot tube. 

A search for vendors of 5-ho1e Pitot tubes unearthed only one source. 

The price and availability were considerably better than could have been achieved 

1n-house, so the velocity measuring devices were purchased. 

These probes can measure velocity accurately through a vertical angle 

of 80° (+40° from the axis of the center pressure-sensing hole). The expected 

velocities ranged from vertically up to vertically down--a range of 180°. 

Three different probes were purchased to cover the total expected range. A 

fourth probe of a different design was also purchased. Sketches of the tips 

of these four probes are shown in Figure B-1. An entire probe is shown in 

Figure B-2. 

1 \ *\ 

^^7^,< 
PROBE NO. 4 

Figure B-1. Velocity Probe Configurations 



Sensor Calibration 

The probe obtained had been used only for measuring velocities of air and 

the vendor had no data on its use to measure velocities of water. However, 

the Reynolds numbers for the range of velocities being considered ranged from 

1930 to 29,000 which indicated that the calibration curves supplied with the 

probes should be applicable to water flow as well as to the air flow from which 

they had been derived. A sample probe was purchased from the vendor and checked 

with the aid of a water-flow test assembly in the basement of 321 Building. 

The calibration curves were found to hold for water flow within the necessary 

accuracy. 

These calibration curves are given in Figures B-3. B-4, B-5. B-6 and B-7. 

Sample Calculations 

Probes Nos. 1, 2,and 3 are similar. Probe No. 4 is of a different design 

and requires a slightly different method for calculation of the velocity and 
T 

M the pitch and yaw angles. 

The range of applicability of the different probes is as follows: 

• Probe No. 1 is effective for pitch angles between +30° and -30°. 

• Probe No. 2 is effective for pitch angles between -30° and -90°. 

• Probe No. 3 is effective for pitch angles between +30° and +90°. 

• Probe No. 4 is effective for pitch angles between +30° and +90°. 

In all cases the probe is rotated until the two indicated static pressures, 

Pg and P^, balance. Balancing of these two pressures occurs when both pickup 

points are at equal angles to the direction of flow and the plane of the center-

line of the probe is parallel with the direction of flow. The yaw angle is 

then read directly from the yaw-angle measuring device. 

The indicated total pressure is the pressure P., and Pg is the indicated 

static pressure. P-i-Pg is the indicated velocity-head pressure. The true 

velocity-head pressure, P4.-P5 (total pressure-static pressure), is a function 

of the probe and also of the angle of impact of the stream velocity. This 

true pressure is read off the calibration graph for the probe used. 

K-
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Figure B-2. Velocity Measuring Probe 
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Figure B-3. Probe No. 1 Calibration 
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Figure E-4. Probe No. 2 Calibration 
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Figure B-5. Probe No. 3 Calibration 
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Figure B-6. Probe No. 4 Calibration For Pitch Angle Pressure Coefficient 
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The pitch angle is determined from measurement of the difference in the 

total pressure sensed at pickup points of pressures P. and Pg. The relation

ship between this differential pressure and the indicated velocity-head 

pressure is an empirical one and is determined by testing the probe. Curves 

of the pitch angle plotted against the ratio (P4-Pg)/(Pi-Pg) were supplied by 

the manufacturer. (Figures B-3. B-4. B-5, B-6 and B-7) 

A sample data point for probe No. 1 at location PV-1 at an elevation of 

34 in. shows values of 0.937 in. of water for P-i-Pg and 0.344 in. of water 

for P^-Pg. 

(P4-P5)/(Pl-Pg) = 0.344/0.937 = 0.367 

From the calibration curves for this probe shown in Figure B-3, the pitch 

angle is +23°, and (P̂ -̂ P )/(Pi-Pg) = 1.06. The total pressure coefficient 

for this pitch angle is zero, so P tntg-i = P-i • 

The velocity-head pressure then equals 1.06 (p.-Pp) = 0.993 in. of water. 

The velocity v = V T g T = 8.02 VO.993/12 = 2.31 ft/sec 

Another point, for probe No. 4, at location PV-3 and 18-in. elevation, 

shows values of 23.81 in. of water for (P-i-Pg) and 20.94 in. of water for 

(P4-P5). 

(P4-''5*''(''r''2' " 20.94/24.81 = 0.844 

From Figure B-6 the pitch angle equals 28°. The axis of the probe is at 

an angle of 60° with the horizontal so the pitch angle of the flow equals 

28+60 = 88°. 

For the 28° pitch angle (P^-Pj)/(P^ -Pg) = 0.94 from Figure B-7 

P^-Pj = 0.94 X 24.81 = 23.37 in. of water = velocity head 

Test Equipment Setup 

A new top was made for the outlet model, with holes at the 20 locations 

at which it was desired to measure the velocity. A sealed nozzle assembly 

was made to fit on the hole at the location at which the probe was to be 

inserted, to provide a leak-tight connection where the probe entered the vessel. 

To permit access to the locations at which velocity measurements were 

desired, holes were drilled through the vortex suppression plate and the 

tube guide (instrument tree support plate). 

A manual traverse unit was used to orient the velocity measuring probe. 

The traverse unit was equipped with a vertical scale and protractor. The 

probe was held in the traverse unit with the aid of a clamp. Locating equip

ment was attached to the head of the outlet model to permit rapid orientation 

of the probe at each location. 

The probe is shown in place in Figure B-8 which also shows the location 

of the 20 different points of entry through the top cover of the model. 

Figure B-9 shows a closeup of the probe in place. These figures also show 

the height measuring standard and the protractor. The protractor zeroing 

device is shown in detail in Figure B-10. 

The readouts of the 5-hole Pitot tube are pressures--static pressure 

plus velocity head at each of the sensing points. The pressures can be 

measured electrically by pressure transducers or they can be measured with 

the aid of manometers. The range of differential pressure over the range of 

velocities to be measured, 1-15 ft/second, was from 0.187 inches of water to 

42.0 inches of water. The high pressure is 225 times the low pressure. 

Differential pressure transducers were found to cover the range with reason

able accuracy, but the cost of the transducers plus accompanying instrumen

tation was greater than could be justified so it was decided to use differ

ential manometers. 

The fluid in each of the pressure sensing lines was water, so an ordinary 

water U-tube manometer such as is used to measure air pressure could not be 

used. It was also necessary to bleed all air out of the lines before measure

ments could be taken at each new location. Because of these factors, plus 

cost and convenience of operation at the test facility, vertical-tube water 

manometers were selected, rather than U-tube mercury manometers. The mano-



meters were made of vertical transparent plastic tubes connected to a header at 

the top (Figures B-11 and B-12). The pressure-sensing lines were carefully 

flushed with water before measurements were taken. The nressurp nf the air 

in the header was then adjusted until the levels of water in the two tubes 

were in the readable range. Readings of the differential pressures were then 

made directly in inches of water. 

To save time, an external, high-pressure supply of water was used to 

purge the air out of the pressure-sensing lines before each test. 

Pressure measurement with a manometer entails a change of volume in the 

manometer tube and a corresponding flow of liquid from the higher pressure 

sensing point. With very small diameter capillary tubing the response time 

can be so slow as to make the measurement prohibitively expensive in both time 

and manpower. An extremely sluggish response also results in poor accuracy. 

The response time of the proposed Pitot tube system was analyzed and satis

factory system dimensions were determined. 

A problem which arose was that of the low differential pressure reading 

of 0.187 inch resulting from a velocity of 1.0 ft/second. This is too small 

to be read accurately on an ordinary vertical water manometer with pressurized 

air back pressure. An effort was made to utilize inclined manometers to 

obtain greater accuracy, but this did not meet the desired success. An anal

ysis of the overall velocity requirements indicated that local velocities less 

than 2.0 ft/second were not particularly important. A velocity of 2.0 ft/sec 

produces a velocity head of 0.745 inch which could be read with reasonable 

accuracy on the vertical manometer water tubes used. Readings of less than 

one-half inch water differential were ignored as the velocity at such locations 

was so low as to be unimportant. 

Data Taking Procedure 

To measure the velocity at a particular location, the probe was inserted, 

the vessel was sealed, and then the vessel was pressurized. The pressure-

sensing lines were then flushed with water using a relatively high pressure 

supply of air-free water to remove all air in the pressure measuring system. 

The probe was adjusted to the desired height and rotated until the pressures 

sensed by the two holes equally spaced laterally from the center hole balanced. 

Figure B-8. Top of Outlet Region Model 

Figure B-9. Close-Up of Probe in Place 



Figure B-10. Protractor Zeroing Device 
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Figure B-11. Air Back Pressure Manometer Schematic 
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Figure B-12. Vertical Tube Manometer 



The probe was then located parallel to the local velocity and the yaw angle 

was noted on the protractor. The indicated velocity head was recorded as were 

also the pressures sensed at the two sensing points above and below the center 

hold. These latter two pressures indicated the pitch angle in reference to the 

axis of the probe. 

The pressures at the two lateral sensing points would balance as long as 

the axis of the probe and the local flow streamline were in the same plane, so 

the probe was then rotated approximately 180° until the two pressures balanced 

again. A new set of readings was taken at this point. The two sets were com

pared and true direction of flow determined from the data. 

Where the tip of the probe was visible through one of the observation 

ports in the outlet model, a piece of yarn attached to the tip of the probe 

indicated the direction of flow and only one set of measurements was necessary 

At those locations where the probe could not be seen, two sets of measurements 

were made Also, where review of the readings indicated that the pitch angle 

was outside of the range of accuracy of the probe being used, the pitch angle 

was estimated. The probe was then removed and the proper probe for that 

direction of flow was used to measure the velocity. 

Flow Instability 

Where flow instability occurred, it was readily noted by fluctuations in 

manometer readings or by fluctuating motions of the piece of yarn attached to 

the tip of the probe. 

In many cases the yarn could be seen to flutter and change direction. 

This was especially true where the local velocity was low (under 2 ft/sec) 

In some cases {PV-19 at 18 inches and 24 inches) the yarn was seen to vary in 

direction from vertically up to horizontal in a short span of time. In other 

instances the yarn wrapped around the probe In addition, there were cases 

where the direction of the yarn was different from that of the velocity 

measured at the sensing points of the probe, perhaps two inches away These 

visual observations indicated fluctuating flow patterns and the presence of 

eddies in the vessel. 

Data Aberration 

Aberrations were noted in the core section data. The fluid enters 

the outlet pool vertically with a high jet velocity at the bottom. This jet 

velocity was measured by the probe only when the sensing tip was in the jet. 

The tip of the probe used to measure vertical velocity was bent at an angle 

with Its axis. Rotating the probe about its axis caused the tip to move 

laterally enough so that a few degrees of rotation could move the tip completely 

out of the jet. The other seeming aberration was that taking an assumed 

average vertical velocity in the core (locations PV-3, PV-5, and PV-7) and 

multiplying it by the open transverse area in the core gave an apparent volume 

of flow which exceeded the flow rate into the vessel. 

The instrument support plate is located at 37 inches elevation. There is 

a tube guide at the top of the core section. It consists of three pieces of 

solid plate with holes drilled so that the tubes simulating the closed loops 

and the control rods can pass through. There are also holes for the probe at 

locations PV-3, PV-5, and PV-7. The rest of the area presents a barrier to the 

flow of the fluid which passes up through the core. The effect of the barrier 

and the local holes is evidenced by the sudden increase in velocity at the 

37.5-inch elevation at PV-3, PV-5, and PV-7. 

These sudden increases in velocity in themselves do not exolain the 

apparent error in the mass balance mentioned above, but thev do indicate 

that the measured local velocities cannot be assumed to be average velocities. 

The indications are that there is channelling up through the core, but the 

extent of the channelling could not be determined by measunna the local 

velocities at only three locations It would be necessary to make a group 

of radial velocity traverses, and such was not possible with the existing 

test setup. 

It was also observed that the velocity measured at a particular location 

varied when the position of the sensing tip was changed by rotating the probe 

180° about its axis The change in the sensed velocity was noted at almost 

all elevations for locations PV-3, PV-5, and PV-7 The variation ranged from 

5 percent to as much as 30 percent at 30 inches elevation at PV-5 The appar

ent angles of flow also varied a small amount. This illustrates that there 

are definite variations in the fluid velocity in the core section and that no 

satisfactory "average' velocity can be determined from measurements at only 

three points at any one level 
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I 

Selection of an Instrtiment to Measure Local Velocities in the Outlet Model 

Statement of Problem 

Select a velocity measurement device to obtain localized water veloci t ies 

In the Outlet Model. 

Conclusions and Recommendations 

Satisfactory measurements of the magnitude and direction of local veloci t ies 

can be obtained with a five-hole pi tot tube sensor. 

By using a 1/4 diamter probe with 10' of O.IOO" I.D. tubing in a 3/4" 

dlamter probe extension, plus an estimated 20' of 1/8" l.T). p las t ic tubing 

connected to a 1/8 I.D. manometer tubes the time for s tabi l iza t ion of a reading 

should be on the order of one to two minutes. 

I t i s recommended that a 3-dlmensional probe be purchased and tested in our 

laboratory. 

Discussion 

It IS necessary to measure the localized velocity of the water at various 

points in the Outlet Model vessel. The range of velocity of importance is from 

1 f t /sec to 15 ft/sei. The required accuiac) is *S°. or bettei It is necess.irv 

to measure the direction of flow, i e pitch and yaw, as veil as tlie speed 

Wc are interested in the steady-state conditions so tlie resiionsc tiir of tl^c 

measuring instrument is not important except as i t affects the tine to do the 

job That i s , the lesponse time need not be measured in nn 1lisccondb or even 

seconds A few r inutes , two or three, would be fast cjioii£;h 

A review of the l i t e ra ture and discussion of the prcblcii with othcis î ho 

have had experience with similar proble'ns, both m-hoiisc rnd otitsid , i )i u i*"t 

that for ovii i equ iK i ,n t s , the best tvjie of ve]oclt^ n^isu'jnn c'cvicc is '"lie 

pi tot tulie Oth( r iPethods which have been used an l lu hot-wiie iru i i tc i 

>nd a hot-film velocity measuring device. There is also a local-velocity 

measuring device which u t i l i zes crossed laser beams. This device was not 

considered since i t would be impossible to obtain two clear lines of sight 

through the points at which the velocity is to be measured. The hot-wire 

and hot-film devices arc re la t ively sophisticated and require conputer 

analysis of the information picked up by the sensors. They are much more 

di f f icul t to use and are probably considerably more expensive. They do not 

appear to offer any advantage for our requirements, so they were not inves
tigated in depth. 

Pitot tube devices have been used successfully to measure the magnitude 

and direction of local velocit ies by many different invest igators. The type 

of probe most frequently used is a spherical probe with five holes. One hole 

is placed in the front of the sphere to read to ta l pressure ( s t a t i c pressure 

plus velocity head) The other four are placed behind the forward hole 

equidistant from i t and displaced by 90° from each othei . These four are 

used to measure the pitch and the yaw. Spherical probes have been used 

at a number of different test laboratories. As far as i s known, a l l of these 

organizations made and calibrated their own probes. However, one source of 

commercially made five-hole Pitot tubes has been found. 

Two types of probes are available, see probes nos. 3 and A, Figure B-1. 

The wedge-shaped t ip i s less sensitive to minor changes in angle and i s the type 

recommended for this application. 

The wedge-type probe is available in different diameters from 1/8" to 3/8". 

A 1/8" diameter probe was tested in our laboratory and the response time re

quired to obtain a single reading was on the order of one hour, using mano

meters for differential pressure measuiement Lxamination of the design 

showed that this slow response time was due to the size of the capillary tubes 

in the sensor head By going to a 1/4" diametci probe and making other changes 

in the system, the response tiire can piobably be reduced to approximately one 

niinutc The analysis i s attached. One minute response time should be adequate 

lor our lequiicients If i t is dcs inb le to lecUKt the resioise t i i - fuitliei, 

to a few seconds oi less , this can be done by using, pre are Innsdi c i s in place 

of the rnnoireteis 

The manufacturer supplies calibration curves with the probes, but these 

charts are made using a i r as the fluid. Calibrations are made at 0.2 and 0.4 

Mach numbers. These correspond to Reynolds Numbers of 29,200 and 58,400. The 

veloci t ies of interest in the Outlet Model wi l l give Reynolds Numbers 

between 1930 and 29,000. The manufacturer could not supply any information 

regarding the use of i t s probes with water or at low Reynolds Numbers, so we wi l l 

have to calibrate the probes with water for the range of veloci t ies over which 

we plan to use them. Hopefully, the calibration wi l l match the a i r calibration 

and we wil l then be able to use the calibration data supplied with the probes, and 



we will need three different probes to ensure measurement of all possible 

directions of velocity However, it has been reported ('Review of Pitot 

Tube", R G Folsom, Transactions of the ASME, October 1956) that changes in 

the pressure coefficient characteristics of pitot-static tubes may be expected 

at Reynolds Numbers below 2300 

Estimate of Response Time of 1/8-ln. O.D. Pressure-Sensing Probe 

The probe which was tested in our laboratory was a 1/8" O.D. probe, 12" long 

The pressure transmitting capillaries are 0.020" I.D. The manometer tube is 

1/4" I.D. To obtain a reading, it is necessary for water to flow through a 

capillary tube and raise the height of the fluid in the manometer to the point 

where the pressure on top of the manometer column plus the pressure head 

exerted by the column of fluid equals the pressure sensed by the probe. 

The flow through the capillary will be laminar 

Assume water at 68°F w = 62.4 lb/ft p = 1 94 slug/ft 

U = 1.0 centipoise = 2 09 x 10' lb sec/ft 
2 

The head loss through the tube will equal f (L/D) (v /2g) 

Where f= 64/Re = 64 u/(pDv) 

Then \ = 32 uLv/(pgD^) = 128 yLQ/(rrgoD*) 

Where Q = flow r a t e through c a p i l l a r y 
2 

The r e l a t i o n s h i p for v e l o c i t y through the c a p i l l a r y - v = Pgh. D /(32pL) 

The r a t e of flow i n t o the manometer tube = v x A through t h e c a p i l l a r y 

tube or 2 4 

d t " 32 ( iL " 4 " 128 u L 

The r a t e of flow i n t o the manometer tube equa l s A^ dh/dt whore A^ - i n s i d e 

c ross s e c t i o n a l a rea of the manometer tube and dh/dt = r a t e of change of he igh t 

of f l u id in the manometer tube h = h e i g h t of f l u i d in the manometer tube above 

or below the ba lance po in t This i s a l s o the d i f f e r e n c e in head between the 

measured p r e s s u r e and t h e p r e s s u r e in t h e manometer tube or i t equa l s the head 

a v a i l a b l e t o cause flow through t h e c a p i l l a r y This head i s dec reas ing so 

dQ/dt = A|̂  dh/dt 

4 
dh 1 pgD 
h ' ' 128 vl \ l 

d t 

V 

4 
I n t e g r a t i o n g ives h = h e where k = . x ^ ^ , , 

0 128 pLA.. 
13A _ " X 1 94. X 32 J 4 

For our case 128 v 128 x 2 09 x IQ-S ' - " ^ 

4 4 
or k - 7 34 X 10 D / ( L A^) where L = l eng th of c a p i l l a r y tube in f t , D = 

I D of c a p i l l a r y tube in f t , and A^ = m s i d e c r o s s - s e c t i o n a l a r ea of manometer 

tube in ft 

For t h e 1/8" d iameter p robe , D = 0 020" = 1 667 x 10"'^ f t 

D^ •= 7 72 X 10'^'^ f t " 

The manometer tube has a 1/4" I D so A^ = 3 41 x lO" ft L = 1 f t 

For t h i s c a s e , k = 7 34 x l o " x 7 72 x 1 0 ' ' ^ / ( 1 x 3 41 x l o " ' ) = 0 00166 
. . -0 00166t h = h e o 

To change t h e he igh t of f l u i d m the manometer from 1 f t t o 0 050" , h /h = 

C 00417 - e " " 00166t^ .̂ ^ j j ^ ^ seconds o r 55 0 min 

The response time can be reduced by t h r e e d i f f e r e n t methods (1) i n c r e a s e t h e 

diameter of the c a p i l l a r v t ube , (2) reduce the length of t h e c a p i l l a r y t u b e , 

and (3) reduce t h e i n s i d e a rea of the manometer tube 

By going t o a 1/4 d iameter p r o b e , the I D of the c a p i l l a r y tube can be 

i nc r ea sed t o 0 0 1 7 ' (0 005 0 D x 0 009 wal l ) This g ives D = 3 92 x lO" f t , 

0"= 2 36 X l C - ' ° f t " 

The manometer tube I D can be reduced t o 1/8' This w i l l i n c r e a s e t h e 

e f f e c t of c a p i l l a r i t y in t h e manometer t u b e , bu t s i n c e we are measuring d i f 

ference in h e i g h t s in two manometer t u b e s , t h e d i f f e r e n c e s w i l l cancel each 

o t h e r 

1 /8 ' I D g ives Aĵ  = 8 52 X lO"^ f t^ 

Holding the length of the i robe at 1 0 ft g ives k = 0 20"^ For t i n s system 

th t time r equ i r ed to change the he igh t in the manometer from 1 f t t o 0 OSO" 

would equal 

0 00417 e"° ^ ° ^ * t = 27 0 sees oj 0 4S0 min , v.hich 

i s easy t o l i ve v.ith for t h i s case 

The e f fec t of the d i f f e r e n t pa ramete r s on resi>onse time can a l s o be 

examined j n a genera l way 

h/h L ^^ so In (h/h ) - kt 



where In = n a t u r a l l oga r i t hm which w i l l be n e g a t i v e s ince h /h i s l e s s than one 

For a given manometer movement, the response t ime w i l l be i n v e r s e l y p ropor 
4 4 t i o n a l t o k where k = 7 34 x 10 D / ( L A^) So response time i s 

0 i n v e r s e l y p r o p o r t i o n a l t o the four th power of the c a p i l l a r y t u b e s 

o p r o p o r t i o n a l t o t h e l eng th of the c a p i l l a r y tube 

0 p r o p o r t i o n a l t o t h e square of t h e I D of t h e manometer tube 

For t h e two cases cons idered - -

I i .. ( l i Z a l ' ( U l l X l U d ' - 0 0329 X 1 X 0 250 = 0 00823 
t j ' \0 047j ( l f t , * liTTSOj 

or the response time for the 1 0 f t l ong , 1/4" d iamete r probe and 1/8 I D 

manometer tube w i l l be only 0 00823 as long as for the 1 0 ft l ong , 1/8" 

d iamete r probe 55 0 min x 0 00823 = 0 452 mm 

The response time could a l s o be reduced by us ing low displacement p r e s s u r e 

t r a n s d u c e r s fo r measuring t h e d i f f e r e n t i a l p r e s s u r e s 

Check the e f f e c t of the inst ru-nent l i n e s on t h e response time Assume 

10 ft of tub ing through t h e probe p lu s 20 f t of p l a s t i c t ub ing t o t h e 

manometer 
4 

For laminar flow the response time w i l l be p r o p o r t i o n a l t o L/D 

For 3 /4" 0 D tub ing with 0 120 w a l l , I D = 0 510 To hold f ive p r e s s u r e 

t r a n s m i t t i n g t u b e s , the l a r g e s t tube d iamete r would equal 0 510/3 - 0 170 so 

could use 5/32 0 D tub ing x 0 028 wall with I D = 0 100 The c a p i l l a r y in 

the 1/4" d iamete r probe has 0 047 I D The r e l a t i v e t imes for s t a b i l i z a t i o n of 

the l eve l m the manometer tube for t h e two p a r t s of the svstem would equal -

(D^/D^)" x ( L ^ / l j ) = (0 047/0 100)" x (10/1) - 10/20 3 - 0 493 

For the ins t rument tub ing assume an I D of 0 125" The r e l a t i v e time would 

equal (0 047/0 123)" x (20/1) = 20/50 = 0 400 
\ 

For t h e composite system 

1 f t of 0 047 I D c a p i l l a r y + 10 f t of 0 100 I D tubing + 20 f t 

of 0 125 ' t ub ing 

128 p (dq/dt) I'l ^2 '3 
for the composite system h^ = ^ Y P 1 T * "7 

\Dj Dj Dj 

where dQ/dt « flow r a t e m f t / s e c 

L J / D " = 1/(0 047 /12 )" = 4.24 x 10^ 

L ^ / D " = 10/ (0 100/12)" = 2 08 x 10^ 

L J / D " = 20 / (0 125/12)" = 1.71 x l o ' 

Compare flow r a t e through 1 f t long c a p i l l a r y tube and complete system for same 

head l o s s 128 u/(iigp) = same for both cases 

'd̂  h Jm h. t !l + ^ 
dt cfq j i l la ry 4 ^ system 4 4 4 

Bj \ ^Uj D2 Dj 

( d Q / d t ) c a p i l l a r y = 8 03/4 24 ( d Q / d t ) s y s t e n = 1 89 (dQ/dt)sys tem 

so the a d d i t i o n of 10 f t of 0 100" I D tub ing p l u s 20 f t of 0 125" I .D 

tub ing w i l l almost double the response t ime But t h i s doubled time w i l l s t i l l 

only be approximately one minute and so w i l l be a c c e p t a b l e fo r the purpose of 

t h i s experiment 

I I 

Determination of Applicability of Air-Calibration Curves to Water Flow 

A 5-hole Pitot tube of the type to be used to measure the local velocities in 

the outlet model was tested in the HEDL hydraulic laboratory m the basement of 

the 321 Building. The Pitot tube was tested to determine how well the calibration 

curve supplied with it applies to the measurement of water flow. The vendor uses 

their sensors only with air and only has use and calibration information for air flow. 

In the test setup, water was caused to flow through a test section formed of 

a Lucite cylinder. The sensing head of the velocity-measuring probe was placed 

at the center of the section, the shaft of the probe extended through the side 

of the test section through a special swivel joint. From the flow rate, the 

average fluid velocity through the test section was then determined with the 

aid of the relationship— 

v = V (1.43 T~£ * 1) where f equals the 

friction factor which is a function of Reynolds Number, Re, and the 
relative roughness of the pipe Re = p D v/ u, a function of fluid 
density, velocity, viscosity, and pipe diaijeter This relationship 
was developed by Prandtl, Nikuradse, and von Karman The constant 
(1 43) m the equation was changed from the theoretical value of 1 32 
as the result of test data 

The pitch angles of the probe test positions were measured with a protractor. 

The results of the test showed that the calibration curves supplied with the 

Pitot tube were applicable for the measurement of water velcoities. A copy of the 

reduced data is attached 



From the results of the laboratory tests with the 5-hole Pitot tube it was 
estimated that a test at one angle and flow velocity can be completed in one 
hour. This includes setting the probe, adjusting it, adjusting the flow, and 
making all necessary readings after stabilization of the system. 

A tentative test procedure for measuring the local velocity at a selected point 
in the Outlet Model is as follows: 

1 Shut off water pump 

2. Release air from Outlet Model vessel. The top of the Outlet Model 
lb approximately three feet above the top of the water reservoir 
tank, so there will not be any problem from water rising in the 
Outlet Model when the air pressure is released. 

3 Remove blind flange from top of vessel above location which velocity 
IS to be measured 

4. Tilt probe at angle and insert end into hole 

5. Carefully push probe into vessel on a slant until the probe can 
be held vertical 

6. Push flange along probe to vessel top and bolt into place 

7. Locate end of probe at level at which velocity is to be measured. 

8. Tighten seal by hand 

9. Locate and attach manual traverse unit and orient probe, 

10 Pressurize vessel. 

11. Start water flow and let flow stabilize 

12 Open pressure to high-pressure differential manometers 

13. Rotate probe to determine yaw angle and read angle 

14 Read differential pressures on manometers If any differential 
pressure is less than 2.0 inches of water, use the inclined 
manometers 

15. Read and record pressures and angle. 

16 Shut off inclined (low-range) manometers, if used. 

17 Loosen knurled nut and raise probe six inches with the aid of the 
manual traverse unit. 

18 Repeat steps 13, 14, 15, 16, 17 until the desired number of velocity 
measurements has been made 

It is estimated that a series of velocity measurements at one cover location, 
a single vertical traverse, will take about half a day. Including air pressure 
release, insertion of probe, re-pressurization stabilization of flow, 
determination of yaw angle, measurement of required pressures, recording of 
data, and location of probe. 

The proposed procedure is preliminary and is subject to modification as the result 
of experience gained during testing. 

TEST DATA 

Calculations based on A.S.M.E. Flowmeter Computation Handbook 

Pipe I.D. - 6.42 in. Orifice diameter - 4.030 in. 

d 4.030 „ ̂ ,„ 
6 = D - -TA2 ' °-"« 

From A.S.M.E. flange taps 6-in. pipe B - 0.628 1 " 93.391 

D - I.D, Inches 

P 75 w. = F„ X F x D^ X t /^TTT ''w ' Manometer diff 
" " « w f m . of water 

Y« " spec. wt. of flowing 
2 fluid lb/ft3 

q, - F „ x F x D X I /h /y, 3 
f R a w"f q^ - ft /hr 

w - Ib/hr 

^R " •'̂ Vnolds Number factor - see p. 125 (graph) flange taps 6-in. pipe. 

F^ - Area factor from graph P. 141 (thermal expansion factor) T - 1.000 

(very nearly) 

Assume water at 70»F, in air, specific weight, w - r. - 62.236 Ib/ft^ p. 97 

pDv wDv -4 
pipe R^ - . — gii - 6.5 x 10 lb/ft. sec. p. 98 

„ 62 23 X 0.535 x v . ,, ,„4 
\ 6.5 X 10-^ - 5-12 X 10 X V 

" ' 60 x^.48 " A * " °-''̂ * " °-"^^ • °-"5 ft^ 

V - gpm/101 » 0.00990 x gpm 

R = 507 X gpm 



Test Section Max. Velocity vs. Average Velocity 

Lucite tube 5-7/16 I.D. 

R 
pDv 1.94 X 0.452 

2.09 X 10-^ 

5.438 in. I.D. 

^ D - " • ' ^"• 

_3E!L 
60 X 7.48 X 0.1615 

D = 0.452 in. 

0.1612 ft.^ 

« 579 X gpm 

Assume smooth pipe 

.Maximum velocity (at center of pipe) •= (1.43 At + 1) x ave. vel. 

a ve. Ve 1 _2H 
60 X 7.48 x 0.1615 

0.0138 X gpm 

Diff. 
in-H^O 

143 
119 
70 
24 
10.9 
2.7 
0.8 

2 
gpm 

725 
650 
500 
300 
200 
100 
50 

R xlO ^ 
e 

4.20 
3.76 
2.89 
1.74 
1.16 
0.58 
0.29 

f 

0.0136 
0.0139 
0.0146 
0.0161 
0.0174 
0.0199 
0.0233 

1.43/f 

0.167 
0.169 
0.173 
0.181 
0.189 
0.202 
0.218 

V /v 
max ave 

1.167 
1.169 
1.173 
1.181 
1.189 
1.202 
1.218 

v 
ave 

ft/sec 

10.00 8.96 
6.90 
4.14 
2.76 
1.38 
0.69 

v 
max 

ft/sec 

11.67 10.47 
8.10 
4.89 
3.28 
1.66 
0.840 

max 
V 
ave 

1.167 
1.168 
1.174 
1.182 
1.190 
1.204 
1.218 

# 

Manometer AP 
in. H O 

2 
4 
6 
10 
14 
20 
40 
60 
80 
100 
120 
140 
160 

gpm from 
Calibration 

86 
122 
149 
191 
226 
270 
388 
468 
534 
597 
654 
709 

Curve 
R 
e 

Based on flow 
^* 

as read frco 
calibration curve 

43,600 
61,800 
75,500 
96,800 
114,500 
137,000 
196,500 
237,000 
271,000 
303,000 
332,000 
359,000 

1.008 
1.007 
1.006 
1.004 
1.0035 
1.003 
1.002 
1.002 
1.001 
1.001 
1.001 
1.0005 

Calo. Flew 
qpra 

86.6 
122.5 
150.0 
193 
228 
273 
385 
472 
544 
608 
6«7 
?iT 

*F from curve pl30 A.S.M.E. Flowmeter Handboolc 

6" pipe, flange taps B • 0.628 

q, " ft /hr gpm 
3 q j X 7 .48 

60 8.02 

q^ - Fj^ x 5.42 x 93.391 • h y 6 2 . 2 4 - 488 X F̂ ^ / h ~ 

gpm = 60 .8 X F AtT - ca l cu la ted flow rate 



I l l 

Localized Velocity Measurements for the Outlet Model 

The prime purpose of measuring the magnitude and direction of the 
velocity of the liquid at various locations m the Outlet Model is 
to determine the characteristics of the vibration forcing function 
proQuced by the liquid. The resulting Vj.bration forcing function is 
due primarily to the cyclic phenomenon of vortex shedding. The vortex 
shedamg rrequency d\.e to flow past a right Cu.rcular cylinder is rep
resented by a relationship called the Strouhai Number, S = ND/v, where: 
N = frequency of vortex formation, Hz; D = diameter of cy-inder/ ft.; 
and V = fluiQ velocity, ft/sec. It has been found that for Reynolds 
lN.urbers between 100 and 200,000, the Strouhal Nunber is relatively 
constant at 0.20 however, it has also been found that for bundles 
of tubes, aepending upon the geometry of the grouping, the Strouhal 
Number may vary from 0.10 to as high QS 0.80. In addition, it has 
Deen learned that if a member has been caused to vibrate for any 
reason, that vibration will continue under the influence ot the forcing 
function produced by vortex formation over a Strouhal Number which may 
span almost the same 0.10 to 0.80 range. 

It has been determined that the range of natural frequencies of 
components in the vessel may go as low as 20 Hz. 

The principal components subject to vibration, or which could transmit 
1 vibration forces to other members, are the core and reflector tubes. 

In the Outlet Model, these tubes are 1.375 in. in diameter. 

Combining these factors, taking the low end of the vibration spectrum, 
gives S = 0.11^6 x 20/v or v = 2.29/5. The low end of the velocity 
range of particular interest would then range from v = 2.29/0.10 = 
22.9 ft/sec. to V = 2.29/0.80 = 2.86 ft/sec. The forcing vibration 
frequency for static me-̂ Ĵ ers would occur at v = 2.29/0.20 = 11.45 ft/sec. 
It would appear from this that velocities below 2.0 ft/sec. would be of 
little interest. 

The local velocities are being measured with a 5-hole Pitot tube. The 
differential pressures cire measured by means of vertical-tube water 
manoreters. The gas pressure on top of the liquid in the Outlet Model 
IS maintained at 5 to 6 psi. This corresponds to 11.5 ft. to 13.85 ft. 
of water. It is thus not feasible to use open-topped manometer tubes, 
so air pressure is applied to the tops of tne manometer tubes to main
tain the levels within the read^ole range on tr-e irc. oneter board. Due 
to the long lengths of connect-"j tx-b̂ rg, entrt— ed a^r, <-̂ d other factors. 
It ...s extre ely difficult to mê -.ure a-.fferentxal hCcius smaller than 1/2 m . 
of water. Also, the accuracy .̂s not gooa at the lc«? diiterentj-^ls. 

. e relationship between velocity and velocity head at the low velociti«« 

-s as follows. 

V, ft/sec. 1 2 3 4 

ih, in. of water 0.186 0.744 1.675 2.97 

For the reasors given above, it is therefore proposed that localized 
velocities be -easured down to a lower limit of 2 ft/sec. 

At V = 2 ft/sec. 

R =» 1.94 slugs/sec. x 0.1146 ft. x 2 ft/sec./(2.09 x 10~ lb/sec./ft ) 

R = 21,300 which IS well within the range or applicability of the 
Strouhal Number used. 

• 
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