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P W R C O R E 2 M O D E L S T U D I E S TO I M P R O V E I N L E T -

P L E N U M - C H A M B E R MIXING 

L a w r e n c e J . F l a n i g a n , G a l e R. W h i t a c r e ^ and H e r b e r t R. H a z a r d 

In the course of the PWR Core 2 stu-dy program^ studies to improve mixing 
in the lower plenum were carried out using a quarter^scale air-flow model. By use 
of vanes to form a strong vortex in the lower plenum, excellent lower-plennm mixing 
was obtained with only slight increase in pressure drop. 

For the studies relating to a 9'ft core design, the model core was extended 
downward 4-1/2 in. below the Core 1 position. The flow baffle used for this con­
figuration extended below the four inlets, with the result that considerable pressure 
loss occurred in the lower plenum. It was found that mixing could be greatly improved 
by use of deflectors to divert the inlet flow in a tangential direction. Data on lower-
plenum mixing, core-flow distribution, thermal-shield-flow directions and velocities, 
flow-baffle orifice coefficients, and pressure lossee were obtmned for the 9-ft core 
configuration both with flow deflectors and without them. The flow deflectors greatly 
improved mixing at the expense of increased lower^plenum pressure loss. 

For the studies relating to a 7.5-ft core design, the core was extended down­
ward 2-1/4 in. The flow baffle used for this core design extended to about the center 
line of the inlets, so that restriction of inlet flow was less than for the 9-ft core. Data 
for the basic configuration were obtained, following which many types of mixing devices 
were studied. Use of a vaned ring to produce a strong vortex in the lower plenum resulted 
in excellent mixing with only slight increase in pressure drop. A similar vaned ring was 
designed for the prototype by Westinghouse and incorporated in the quarter-scale model. 
Detailed studies of model performance proved this design satisfactory. 

I N T R O D U C T I O N 

M o d e l s t u d i e s of t he P W R w i t h C o r e 1 had shown t h a t m i x i n g of c o o l a n t f r o m the 

four i n l e t s w a s no t c o m p l e t e d in the l o w e r p l e n u m . T h i s wou ld r e s u l t i n t e m p e r a t u r e 

g r a d i e n t s a t the c o r e i n l e t in c a s e of u n e q u a l c o o l a n t t e m p e r a t u r e s a t t he four i n l e t s . 

A c c o r d i n g l y , i n t h e c o u r s e of d e v e l o p i n g a r e f e r e n c e d e s i g n for C o r e 2 , m o d e l s t u d i e s 

to i m p r o v e m i x i n g in the l o w e r p l e n u m w e r e c a r r i e d out . Two l o w e r - p l e n u m d e s i g n s 

w e r e i n v e s t i g a t e d i n t he m o d e l s t u d i e s ^ one s u i t a b l e fo r a c o r e l e n g t h of 9 ft^ and t h e 

o t h e r s u i t a b l e for a c o r e l e n g t h of 7 . 5 ft. Mix ing d e v i c e s w e r e d e v e l o p e d in the m o d e l 

s t u d i e s w h i c h r e s u l t e d i n g r e a t l y i m p r o v e d m i x i n g s w i t h only s l i g h t p r e s s u r e d r o p . 
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DESCRIPTION OF QUARTER-SCALE FLOW MODEL 

Genera l Descr ip t ion 

The q u a r t e r - s c a l e flow model was designed to s imulate flow conditions throughout 
the PWR with the exception of those in the fuel a s s e m b l i e s ; these were s imulated with 
orif iced tubes having p rope r flow r e s i s t a n c e s . The model was cons t ruc ted of a luminum 
and s ta in less s tee l throughout with the exception of the upper and lower domes which 
were const ructed of g l a s s - f i be r - r e in fo rced p l a s t i c . The model was designed at the 
Bett is Labora to ry of the Atomic Energy Commission^ opera ted by Westinghouse 
E l e c t r i c Corporation^ and was cons t ruc ted by the Aviation Gas Turbine Division of 
Westinghouse« 

F igure 1 is a photograph showing the q u a r t e r - s c a l e model setup for a i r - f low s tud­
i e s . Four centr ifugal b lowers w e r e used to supply a i r to the model through the upper 
duct above the panel boa rd . Air leaving the model was d i scharged through the roof of 
the building. The l a r g e manome te r panel at the r ight was used to r e c o r d p r e s s u r e s 
throughout the model . The inlet piping was made s imi l a r to that for the prototype with 
provis ion for equalizing flow in inlets and ou t l e t s . F o r t e s t s witii two or t h r e e loops^ 
the inact ive in le ts and outlets w e r e blocked with p la tes ins ta l led between piping f langes. 

F igu re 2 is a ve r t i c a l c r o s s sect ion of the model showing the genera l a r r a n g e ­
ment of the p r e s s u r e vesse l^ the in le ts and outlets^ the t h e r m a l shields^ the c o r e , the 
con t ro l - rod guides^ the hold-down b a r r e l , and the i n t e rna l ins t rumenta t ion . 

F igure 3 is a hor izonta l c r o s s sect ion of the model showing the arrangemient of 
the t h e r m a l sh ie lds , the co re fuel a s s e m b l i e s , and the sMeld-passage instrum.entation. 

A i r , s imulat ing r e a c t o r coolant , en te red through two or m o r e of the four inlets at 
the bot tom of the mode l . About 85 p e r cent of the a i r flowed upward through the p e r ­
forated flow baffle under the c o r e , and 15 pe r cent was d iver ted through the t h e r m a l -
shield coolant p a s s a g e s . Air f rom the shield pa s sages d i scharged under the core where 
it mixed with a i r coming through the flow baffle and p a s s e d upward through the core and 
into the upper p lenum. Fromi the upper plentiin, it p a s s e d into the space between the 
p r e s s u r e v e s s e l and the hold-down b a r r e l , and then d i scharged through two or m o r e 
ou t le t s . 

Lower P l enum 

The lower plenum of the flow mode l , shown in F igure 2 , is the hemisphe r i ca l 
space below the c o r e , into which the inlet nozzles d i scharged . The plenum provided 
space for d iss ipat ion of je t momentum and mixing of coolant f rom the in l e t s . The flow 
baffle was located inside the p lenum and was a t tached to the ou te r t h e r m a l shield. This 
baffle provided flow r e s i s t a n c e which, in addition to divert ing coolant through the 
t h e r m a l - s h i e l d p a s s a g e s , reduced the velocity gradients d i rec t ly under the core and 
d i rec ted the flow in a genera l ly upward d i rec t ion . 
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v a n e s , the maxin ium concentra t ion of a i r f rom the t r aced inlet found in the core was 65 
pe r cent. A number of holes in the flow baffle which fell outside the vaned ring were 
open so that flow through them was not well mixed. With these holes plugged the m a x i ­
m u m concentra t ion found in the core was reduced to 58 pe r cent. For these and sub­
sequent t e s t s t he re w e r e 312 holes in the flow baffle, a r r anged as shown in F igure A-2 
in the Appendix. 

In an a t tempt to provide be t te r mixing between adjacent i n l e t s , horizontal d iv iders 
which extended f rom the top of one inlet to the bottom of the adjacent inlet were fastened 
to the vanes . These proved unsa t i s fac to ry , as the max imum concentrat ion found in the 
core was 70 pe r cent. 

To de te rmine the effect of t h e r m a l - s h i e l d coolant flow on mix ing , a t e s t was run 
with the ou te rmos t t h e r m a l - s h i e l d coolant passage blocked with sponge rubber . With 
the 60-deg vanes and no shield flow, the m a x i m u m concentrat ion of a i r f rom the t r aced 
inlet found in the core was 51 p e r cent. A compar i son of t e s t s with and without shield 
flow showed that the flow through the shield p a s s a g e s caused an a r e a of high concen t ra ­
tion in the core near the t r aced inlet . To further study the effect of t he rma l - sh i e ld flow 
on mix ing , one study was made with SO2 injected from a point source into the inlet of the 
ou te rmos t shield p a s s a g e . It was found that nea r ly al l the shield coolant entered the fuel 
a s sembl i e s at the edge of the co re . 

Measu remen t of flow in the t h e r m a l - s h i e l d p a s s a g e s using the instal led yaw 
probes showed that the shie ld-coolant flow ra t e was about 32 p e r cent of total model 
flow ins tead of the de s i r ed 15 p e r cent . This was the r e s u l t of blocking of a number of 
holes around the pe r iphe ry of the baffle to force al l flow through the swir l vanes . 
Because of the r a the r high p r e s s u r e loss with the 60-deg vane ang le , the effect of th ree 
additional vane angles on mixing and on p r e s s u r e drop was studied before enlarging the 
holes in the flow baffles to reduce shield flow and baffle p r e s s u r e drop. 

Vane angles of 60 , 4 5 , 37. 5 , and 30 deg , were studied for four-loop operat ion 
with flow from one inlet t r aced . Shield flow was blocked for this study so that r e su l t s 
would not be influenced by excess ive shield flow, and only lower-plent im effects were 
observed. The data a r e p resen ted on core maps with the concentrat ion of a i r from the 
t r aced inlet m e a s u r e d in each fuel a s sembly shown at the location of the assembly . 

F igure 27 shows mixing data obtained with a vane angle of 60 deg. The max imum 
concentra t ion of a i r f rom the t r aced inlet found in any s imulated fuel assembly in the 
core was 51 pe r cent. 

F igure 28 shows mixing da ta obtained with the vanes turned 45 deg from a 
r ad ius . The m a x i m u m concentra t ion was 58 p e r cent. 

F igure 29 shows mixing data obtained with a 37. 5-deg vane angle. The max imum 
concentra t ion was 60 p e r cent. 

F igure 30 shows mixing data obtained with a 30-deg vane angle. The max imum 
concentrat ion was 63 pe r cent. 

Table 6 s m n m a r i z e s the r e su l t s of the studies made to de te rmine the effect of 
vane angle on mixing in the lower p lenum. The 60-deg vanes were m o s t effective, 
followed by 30-deg , 37. 5-deg, and 45-deg vanes . Lower -p lenum p r e s s u r e drop was 
highest for the 60-deg v a n e s , dec reas ing as vane angle was reduced. Because the 30-
deg vane angle appeared to provide good mixing with modera t e p r e s s u r e l o s s , i t was 
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FIGURE 27 

LOWER-PLENUM MIXING WITH 7. 5 -FT CORE WITH 
60-DEG VANES AND NO SHIELD FLOW, USING 
INLET 2-3 PLUS THREE LOOPS 

Numbers in each s imulated fuel p.ssembly show pe r ­
centage of a i r f rom Inlet 2 - 3 . 
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FIGURE 28 

LOWER-PLENUM MIXING WITH 7. 5 -FT CORE WITH 
45-DEG VANES AND NO SHIELD FLOW, USING 
INLET 2-3 PLUS THREE LOOPS 

Numbers in each sirmilated fuel a s sembly show p e r ­
centage of a i r f rom IiJLet 2 - 3 . 
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FIGURE 29 

LOWER-PLENUM MIXING WITH 7. 5 - F T CORE WITH 
37 1/2-DEG VANES AND NO SHIELD FLOW, USING 
INLET 2-3 PLUS THREE LOOPS 

Numbers in each s imula ted fuel a s sembly show per­
centage of a i r from Inlet 2 - 3 . 

FIGURE 30 

LOWER-PLENUM MIXING WITH 7. 5-FT CORE WITH 
30-DEG VANES AND NO SHIELD FLOW, USING 
INLET 2-3 PLUS THREE LOOPS 

Numbers in each simulated fuel a s sembly show p e r ­
centage of a i r from Inlet 2 - 3 . 
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TABLE 6. EFFECT OF VANE ANGLE ON LOWER-PLENUM MIXING 

Vane Angle, 
deg 

60 

45 

37.5 

30 

Without 
vanes 

Model Pressure 
Drop(a), 

m . of water 

23 .9 

2-2.8 

21.2 

19.5 

7 .3 

Core 

Maximum 

51 

58 

60 

63 

99 

Concentration of Air From Traced inlet, 

Core 

Average 

25 

25 

25 

26 

25 

per cent 

Deviation of Ouadraut Average From Core Average 
Quadrant Quadrant Quadrant Quadrant 

3 - 2 W 2-1 1..4 4 -3 

- 0 . 1 7.6 

1.4 13.7 

3.7 10 .7 

8.9 6 . 3 

41 .0 -14 .9 

- 1 . 7 

-5 .5 

-5 .4 

- 5 . 3 

- 1 9 . 1 

-6 .0 

- 9 .9 

- 9 . 1 

- 9 . 2 

-7 .6 

(a) Difference between static pressure m mlet duct and static pressure downstreani of flow baffle. 
(b) SO2 injected into Inlet 3-2. 
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se lec ted for studies to de te rmine the effects of the la rge vor tex in the lower plenum 
on shield flow, flow dis t r ibut ion in the c o r e , flow-baffle p r e s s u r e l o s s , and mixing for 
operat ion with two, t h r e e , and four loops. 

Before s ta r t ing the detai led flow s t u d i e s , the 312 holes in the flow baffle were en 
larged from 1/2 in. to 19/32 in. to reduce p r e s s u r e loss and shield flow. 

The apparent mixing pe r fo rmance was influenced substant ial ly by the d ischarge 
of poorly mixed flow from the t h e r m a l - s h i e l d coolant pa s sages into the region of 
highest concentra t ion in the c o r e . To i m p a r t angular momentum to the shield flow 
and, t h u s , cause rota t ion of the t r aced flow in a d i rec t ion opposite from the rotat ion 
of flow in the lower p lenum, a smal l deflector vane was placed over each inlet . The 
location of these vanes is shown in Figure 25. This d i rec ted the high concentrat ion of 
t r aced flow in the shield p a s s a g e s into what had been a region of low concentrat ion on 
the pe r iphe ry of the co re . The effects of angular posit ion of the vanes over the inlets 
and of the locat ion, m e a s u r e d from the edge of the in le t , on mixing and p r e s s u r e loss 
were studied. With the vanes located 1 in. from the edge of the 3 -3 /4- in . -dianneter 
i n l e t s , at an angle of 45 deg , some improvement in mixing was obtained with no 
i nc rea se in p r e s s u r e drop . 

In p r epa ra t i on for enlarging the holes in the flow baffle to study per formance 
with reduced lower -p lenum p r e s s u r e l o s s , the aluminum core extension shown in 
Figure 25 was added to s imulate the 7. 5-ft co re . This reduced the space between the 
flow baffle and the core bottom f rom 5. 9 in. to 3. 3 in. This change had no effect on 
flow dis t r ibut ion in the c o r e , but mixing between the inlets and the bottom of the core 
was reduced somewhat . The core extension was used in all subsequent t e s t s . 

The 312 holes in the flow baffle were enlarged from 19/32 in. to 11/16 in. This 
reduced the lower -p lenum p r e s s u r e drop by 27 p e r cen t , with a slight improvement in 
mixing. 

To de te rmine the effect of flow in the center of the baffle on p r e s s u r e d rop , the 
center holes were blocked for one t e s t . P r e s s u r e drop i n c r e a s e d , indicating that flow 
a r e a nea r the center of the baffle was effective in spite of the low p r e s s u r e at the 
center of the lower -p lenum vor tex . 

The effect of reducing the flow a r e a through the swi r l vanes was investigated by 
adding a shroud ring of mask ing tape around the base of the swir l vanes . Five shroud-
ring configurations were studied. The optimum configuration consis ted of a 3 /4- in . -
wide r ing which blocked 27 per cent of the flow a r ea . With this configuration, the 
p r e s s u r e drop a c r o s s the lower plenum was unexpectedly reduced about 25 p e r cent 
below that with no shroud r i ng , and mixing was improved. 

The lower -p lenum configuration se lected as the bes t compromise between mixing 
and p r e s s u r e drop consis ted of the flow baffle with 312 l l / l 6 - i n . - d i a m e t e r ho l e s , 30-
deg swir l vanes with a 3 /4- in . -wide shroud ring at the b a s e , and 45-deg def lectors for 
shield flow, posit ioned 1 in. from the edge of the in le t s . 

Based on these r e s u l t s , Westinghouse pe r sonne l considered s imi l a r 
swir l vanes and shield-flow def lectors for the p ro to type , making only such 
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changes as were r equ i red by manufacturing and s t r e s s cons idera t ions . This 
design was then incorpora ted in the q u a r t e r - s c a l e a ir-f low inodel to verify i ts p e r ­
formance with two, t h r e e , and four loops in operat ion. F igure 25 shows the swi r l 
vanes and shield flow def lectors modeled from the prototype design. 

Core-Flow Dis t r ibut ion 

Bas ic Configuration 

F igure 3 showed the a r r angemen t of the core into five reg ions . The flow r a t e s 
in all s imulated fuel a s s emb l i e s within each region were nominally equal , but flow 
r a t e s in different regions differed. This core a r r a n g e m e n t s imulated Core 1 in o v e r ­
all p r e s s u r e loss and in flow d is t r ibu t ion , but did not n e c e s s a r i l y s imulate Core 2. 
However , i t was felt that the s imulat ion was sufficiently close that differences would 
not influence grea t ly the in te rp re ta t ion of r e s u l t s . 

F igures 3 1 , 32, and 55 show flow data which were obtained with the bas ic 7. 5-ft 
core des ign , without any mixing dev ices . Each a s sembly location is m a r k e d with a 
value of flow through that a s sembly . Flow is exp re s sed as the pe rcen tage of average 
m a s s flow for each a s sembly in the region in which the assembly is located. Ar rows 
indicate posi t ions of operat ing in le t s . No data were obtained for Assembly 87 (lower 
r ight co rne r of seed region in F igures 3 1 , 32, and 33) because an orifice p r e s s u r e tap 
was plugged. 

F igure 31 i s a map of the core showing flow dis t r ibut ion with four-loop operat ion. 
In this t e s t , flow for each a s sembly was within +1, 6 p e r cent and - 1 . 5 p e r cent of the 
average flow for each region. 

F igure 32 shows flow dis t r ibut ion with th ree - loop operat ion. The flow in each 
assembly was within +2. 2 pe r cent and - 3 , 4 p e r cent of average flow for each region. 

F igure 33 shows flow dis t r ibut ion with two opposed loops in operat ion. In this 
t e s t , flow was within +3. 1 p e r cent and - 4 . 9 p e r cent of the average flow for each 
region. 

Swirl Vanes 

The core-f low data shown in F igu re s 34, 35 , and 36 were obtained with swir l 
vanes only. 

F igure 34, is a map of the core showing flow dis t r ibut ion with four-loop o p e r a ­
tion. In this t e s t , flow for each a s sembly was within +2. 4 pe r cent and - 5 . 4 p e r cent 
of the average flow for each region. 

F igure 35 shows flow dis t r ibut ion with th ree - loop operat ion. Flow for each 
assembly was within +2. 5 p e r cent and - 3 . 3 p e r cent of average flow for each region. 
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D I S T R I B U T I O N O F F L O W I N C O R E O F M O D E L W I T H 

7 . 5 - F T C O R E , U S I N G F O U R L O O P S 

N u m b e r s i n e a c h s i m . u l a t e d f u e l a s s e m b l y s h o w p e r ­

c e n t a g e of a v e r a g e f l o w f o r r e g i o n . 
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D I S T R I B U T I O N O F F L O W I N C O R E O F M O D E L W I T H 

7 . 5 - F T C O R E , U S I N G T H R E E L O O P S 

tv 

N u m b e r s i n e a c h s i m u l a t e d f u e l a s s e m b l y s h o w p e r ­
c e n t a g e of a v e r a g e f l o w f o r r e g i o n . 
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FIGURE 33 

DISTRIBUTION OF FLOW IN CORE OF MODEL WITH 
7. 5-FT CORE, USING TWO OPPOSED LOOPS 

Numbers in each s imula ted fuel a s sembly show per­
centage of ave rage flow for region. 
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F I G U R E 34 

DISTRIBUTION O F F L O W IN CORE O F M O D E L WITH 
7 . 5 - F T CO RE WITH SWIRL V A N E S , USING 
F O U R L O O P S 

N u m b e r s in e a c h s i m u l a t e d fuel a s s e m b l y s h o w p e r ­
c e n t a g e of a v e r a g e flow f o r r e g i o n . 



FIGURE 35 

DISTRIBUTION OF FLOW IN CORE OF MODEL WITH 
7. 5-FT CORE WITH SWIRL VANES, USING 
THREE LOOPS 

Numbers in each s imula ted fuel a s sembly show per­
centage of average flow for region. 

FIGURE 36 

DISTRIBUTION OF FLOW IN CORE OF MODEL WITH 
7. 5 -FT CORE WITH SWIRL VANES, USING TWO 
OPPOSED LOOPS 

Numbers in each s imulated fuel a s sembly show p e r ­
centage of average flow for region. 
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Figure 36 shows flow dis t r ibut ion with two opposed loops in operat ion. Flow to 
each fuel a s sembly was within +3. 3 pe r cent and - 4 . 3 per cent of average flow for each 
region. 

Modified Swirl Vanes and Shield 
Flow Deflectors 

F igu re s 37 , 38 and 39 show the core-f low dis t r ibut ion da ta obtained with the 
modified swir l vanes and shield flow def lec tors . 

F igure 37 i s a map of the core showing flow dis t r ibut ion for operat ion with four 
loops. Flow for each a s sembly was within +2. 4 p e r cent and - 4 . 0 p e r cent of the 
average flow for each region. 

F igure 38 shows core-f low dis t r ibut ion with t h r ee - loop opera t ion. In this t e s t , 
flow to all fuel a s sembl i e s was within +3. 6 p e r cent and - 4 . 0 p e r cent of average flow. 

F igure 39 shows flow dis t r ibut ion with two opposed loops in operat ion. Flow for 
each a s sembly was within +4. 6 p e r cent and - 5 . 8 p e r cent of average flow. 

A compar i son of F igu re s 3 1 , 32, and 33 with F igu re s 34, 35 , 36, 37, 38, and 39 shows 
that the maximtmi deviat ions from average flow w e r e somewhat g r e a t e r for the vaned 
configurations than for the bas ic configuration. 

Flow in Thermal -Sh ie ld Coolant P a s s a g e s 

Basic Configuration 

Because p a r t of the r e a c t o r coolant bypasses the flow baffle and flows through the 
ther rna l - sh ie ld coolant p a s s a g e s , the flow in these p a s s a g e s was m e a s u r e d to evaluate 
p r e s s u r e - l o s s data for both flow pa ths . In addit ion, veloci t ies and flow direct ions in 
shield p a s s a g e s w e r e m e a s u r e d to i n su re that a l l of the t h e r m a l - s h i e l d sur faces were 
adequately cooled. P rev ious studies made for Core 1 had shown that flow d is tu rbances 
could be expected only in the ou t e rmos t p a s s a g e , as flow had been downward in the 
other pas sages r e g a r d l e s s of operat ing condit ions. Accordingly , in these s tud ie s , 
m e a s u r e m e n t s of a i r veloci t ies and d i rec t ions were nnade only in the outer inos t shield 
p a s s a g e , using two-hole cy l indr ica l yaw probes of conventional design. 

Locations of the yaw p robes a r e shown in F igures 2 and 3 , and F igures 7 , 8, and 
9 show a development of the ou te rmos t p a s s a g e , Channel 1, 

For operat ion with four loops , flow di rec t ions were within 7 deg of ve r t i ca l with 
a m a x i m u m velocity of 59 fps and a minimtxm veloci ty of 49 fps. The average velocity 
was 53 fps , which would cor respond to a water velocity of 9 fps in the prototype. 

For th ree - loop operat ion the flow d i rec t ions at the upper elevation were within 
12 deg of v e r t i c a l , with a velocity range of f rom 23 to 74 fps and an average velocity of 
51 fps. Flow in the a r e a above the center operat ing loop was genera l ly upward , with a 
m a x i m u m deviation from ve r t i ca l of 48 deg. P rev ious ly an a r e a of downward flow had 
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FIGURE 37 

DISTRIBUTION OF FLOW IN CORE OF MODEL WITH 
7. 5-FT CORE WITH MODIFIED SWIRL VANES AND 
SHIELD FLOW DEFLECTORS, USING FOUR LOOPS 

Numbers in each simtilated fuel a s sembly show per 
centage of ave rage flow for region. 
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FIGURE 38 

DISTRIBUTION OF FLOW IN CORE OF MODEL WITH 
7, 5 -FT CORE WITH MODIFIED SWIRL VANES AND 
SHIELD FLOW DEFLECTORS, USING THREE LOOPS 

Numbers in each s imulated fuel a s sembly show per­
centage of average flow for region. 
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FIGURE 39. DISTRIBUTION OF FLOVi IN CORE OF MODEL WITH 7 , 5 - F T CORE 
WITH MODIFIED SWIRL VANES AND SHIELD FLOW DEFLECTORS, 
USING TWO OPPOSED LOOPS 

Number s in each s imula ted fuel a s sembly show percentage of average 
flaw for Tsiffion, 
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been found above the center operat ing loop in both the Core 1 studies and the studies of 
the 9-ft Core 2 configuration. 

With two opposed loops in operation^ flow d i rec t ions were within 15 deg of ve r t i ca l 
at the upper elevation and within 45 deg of ve r t i c a l at the lower elevation. Measured 
veloci t ies w e r e between 20 and 83 fps , with an average velocity of 48 fps. 

Swirl Vanes 

Flow veloci t ies and d i rec t ions in the ou te rmos t t he rma l - sh i e ld coolant passage 
were m e a s u r e d using two-hole cy l indr ica l yaw p r o b e s . 

For operat ion with four loops , flow d i rec t ions were within 15 deg of v e r t i c a l , and 
flow veloci t ies va r ied between 47 and 79 fps, with an average of 67 fps. This 
co r r e sponds to an average veloci ty in the prototype of about 11 fps. 

With th ree loops opera t ing , flow d i rec t ions were also within 15 deg of ve r t i ca l . 
The m a x i m u m velocity m e a s u r e d was 79 fps and the min imum was 45 fps. The average 
velocity was 64 fps. 

When operat ing with two opposed loops , flow d i rec t ions were within 20 deg of 
ve r t i c a l with a velocity range of from 43 to 95 fps , with an average of 58 fps. 

Modified Swirl Vanes and Shield Flow 
Deflectors 

During four- loop opera t ion , flow d i rec t ion va r i ed from ve r t i ca l to 24 deg from 
ve r t i ca l in the d i rec t ion opposite to the induced swi r l in the lower plenum. The flow 
veloci t ies va r i ed between 38 and 104 fps , with an average of 68 fps. This cor responds 
to an average velocity in the prototype of about 11 fps. 

With th ree loops opera t ing , flow di rec t ions w e r e between 5 and 65 deg from 
ve r t i c a l in the d i rec t ion opposite to the sw i r l in the lower p lenum. The max imum 
velocity m e a s u r e d was 122 fps and the min imum was 30 fps. The average velocity was 
66 fps. 

When operat ing with two opposed l o o p s , flow di rec t ions were between 8 and 
48 deg f rom v e r t i c a l opposite to the swi r l in the lower plenum. The veloci t ies ranged 
from 33 to 140 fps , with an average of 70 fps. 

L o w e r - P l e n u m Mixing 

Basic Configuration 

Mixing s tudies were conducted by injecting m e a s u r e d concentra t ions of SO2 into 
Inlet 2-3 and de termining the concentra t ion of SO2 in. a i r pass ing through each of the 
145 s imulated fuel a s s emb l i e s in the mode l c o r e , as desc r ibed previous ly . 
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Figure 40 shows mixing data with Inlet 2 - 3 , the inlet into which SO2 was injected, 
plus th ree loops in operat ion. The figure r e p r e s e n t s a c r o s s sect ion of the model core 
with the numbers indicating the pe rcen tage of flow in each fuel a s sembly which came 
from Inlet 2 -3 , With per fec t mixing in the lower p lenum, a value of 25 pe r cent would 
be obtained in every a s sembly . It will be noted, however , that concentra t ions in the 
quadrant of Inlet 2-3 were genera l ly high, with peak values occur r ing n e a r e s t the inlet 
and decreas ing with dis tance from the inlet . A m a x i m u m value of 84 p e r cent was 
found. 

F igure 41 shows mixing data obtained using Inlet 2-3 plus two opposed loops. 
With this configuration, one thi rd of the flow en te red through Inlet 2 - 3 , so that perfec t 
mixing would r e su l t in a concentra t ion of 33. 3 p e r cent in each a s sembly . Again, the 
highest concentra t ion was found n e a r e s t the t r aced inlet . The m a x i m u m value m e a s u r e d 
was 89 p e r cent. 

F igure 42 shows mixing data using Inlet 2-3 plus two adjacent loops. This 
a r r angemen t of operat ing inlets caused a shift in the pa t t e rn due to the unbalanced loop 
90 deg from the t r aced loop, which produced higher peak concent ra t ions . The m a x i ­
m u m concentra t ion of 90 pe r cent occu r red nea r Inlet 2 - 3 . 

Swirl Vanes 

F igu re s 4 3 , 44 and 45 a r e co re maps showing the raixing data obtained with 30-
deg swir l vanes ins ta l led . 

F igure 43 shows mixing data obtained using Inlet 2-3 plus t h ree loops. The 
max imum concentrat ion of a i r f rom Inlet 2-3 m e a s u r e d in the core was 62 pe r cent. 
This peak occu r red in a s semb l i e s adjacent to the t r aced inlet . Mixing over a l a rge 
pa r t of the core was good, with values approaching the ideal value of 25 pe r cent. 

F igure 44 shows mixing data obtained using Inlet 2-3 plus two opposed loops. As 
be fo re , a region of high concentra t ion was found adjacent to the t r aced in le t , with a 
max imum value of 82 p e r cent. With per fec t m.ixing a value of 33 pe r cent would be 
obtained for each s imula ted assembly . 

F igure 45 shows mixing data obtained with Inlet 2-3 plus two adjacent inlets in 
operat ion. Again, the peak concentra t ions occu r red adjacent to the t r aced inlet . The 
max imum value m e a s u r e d was 78 pe r cent. 

Modified Swirl Vanes and 
Shield Flow Deflectors 

F igures 46 , 4 7 , and 48 a re core maps showing the mixing data obtained with 
modified swi r l vanes and flow def lec tors ins ta l led . 

F igure 46 shows mixing data obtained using Inlet 2-3 plus th ree loops. The 
max imum concentra t ion of a i r f rom Inlet 2-3 m e a s u r e d in the core was 65 p e r cent. 
This peak o c c u r r e d in the ou te rmos t subassembl i e s between Inlets 2-3 and 3-4. With 
perfect mixing a value of 25 pe r cent would be obtained for each s imulated assembly and 
outlet. 
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FIGURE 40 

LOWER PLENUM MIXING WITH 7. 5-FT CORE , USING 
INLET 2-3 PLUS THREE LOOPS 

Num.bers in each s imulated fuel a s sembly show p e r ­
centage of a i r f rom Inlet 2 - 3 . 

o 

FIGURE 41 

LOWER PLENUM MIXING WITH 7. 5-FT CORE, USING 
INLET 2-3 PLUS TWO OPPOSED LOOPS 

Num.bers in each sim.ulated fuel assembly show p e r ­
centage of a i r f rom Inlet 2 - 3 . 
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FIGURE 42 

LOWER PLENUM MIXING WITH 7. 5 -FT CORE, USING 
INLET 2-3 PLUS TWO ADJACENT LOOPS 

Numbers in each s imula ted fuel a s sembly show p e r ­
centage of a i r from Inlet 2 - 3 . 
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FIGURE 43 

LOWER-PLENUM MIXING WITH 7. 5-FT CORE WITH 
SWIRL VANES, USING INLET 2-3 PLUS THREE LOOPS 

Numbers in each s imulated fuel a s sembly show p e r ­
centage of a i r f rom Inlet 2 -3 . 
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FIGURE 44 

LOWER-PLENUM MIXING WITH 7. 5 -FT CORE WITH 
SWIRL VANES, USING INLET 2-3 PLUS TWO 
OPPOSED LOOPS 

Numbers in each s imula ted fu 1 a s sembly show p e r ­
centage of a i r f rom Inlet 2 - 3 . 
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FIGURE 45 

LOWER-PLENUM MIXING WITH 7. 5-FT CORE WITH 
SWIRL VANES^ USING INLET 2-3 PLUS TWO 
ADJACENT LOOPS 

Numbers in each s imulated fuel assembly show p e r ­
centage of a i r f rom Inlet 2 -3 . 
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FIGURE 46 

21 

LOWER-PLENUM MIXING WITH 7. 5-FT CORE WITH 
MODIFIED SWIRL VANES AND SHIELD FLOW 
DEFLECTORS, USING INLET 2-3 PLUS 
THREE LOOPS 

Numbers in each simiulated fuel a s s emb ly show p e r ­
centage of a i r f rom Inlet 2 - 3 . 
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FIGURE 47 

LOWER-PLENUM MIXING WITH 7. 5 -FT CORE WITH 
MODIFIED SWIRL VANES AND SHIELD FLOW 
DEFLECTORS, USING INLET 2-3 PLUS TWO 
OPPOSED LOOPS 

Nttmbers in each s imulated fuel a s sembly show p e r ­
centage of a i r f rom Inlet 2 - 3 . 
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FIGURE 48, LOWER-PLENUM MIXING WITH 7, 5-FT CORE WITH MODIFIED 
SWIRL VANES AND SHIELD FLOW DEFLECTORS, USING 
INLET 2-3 PLUS TWO ADJACENT LOOPS 

Numbers in each s imula ted fuel a s s emb ly show percentage of 
a i r f rom Inlet 2 - 3 . 
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Figure 47 shows mixing data obtained using Inlet 2-3 plus two opposed loops. As 
be fo re , a region of high concentra t ion was found between Inlets 2-3 and 3 -4 , with a 
max imum value of 79 p e r cent. Since th ree loops were in opera t ion , the ideal value 
would be 33 pe r cent. 

F igure 48 shows mixing data obtained with Inlet 2-3 plus two adjacent operat ing 
in le t s . Again the peak concentra t ions occu r red between Inlets 2-3 and 3~4, but c lose r 
to Inlet 3-4. The m a x i m u m value m e a s u r e d was 87 p e r cent. 

Summary of Mixing Data for 7. 5 -F t Core 

Table 7 s t immar izes mixing data for the 7. 5-ft core design. In addition to data 
taken d i rec t ly from preceding data p l o t s , quadrant ave rages a r e shown. 

Table 7 shows that the modified swi r l vanes with shield flow def lectors con­
s iderably reduced the highest quadrant average for all operat ing conditions. However , 
in t e r m s of lowering max imum concent ra t ion , the pe r fo rmance of the modified vanes 
with def lectors and the swi r l vanes was n e a r l y the s a m e . 

Flow Rates in Thermal -Shie ld Coolant P a s s a g e s 

All of the t h e r m a l - s h i e l d coolant flows upward in the ou te rmos t p a s s a g e , after 
which it divides and flows downward in other p a s s a g e s . The total flow through the 
shield pa s sages was computed for each t e s t using the flow velocity and d i rec t ion data 
d i scussed previous ly . These veloci t ies were m e a s u r e d at the cen te r of the flow 
passage and were not n e c e s s a r i l y ve r t i c a l . Accordingly , the ve r t i c a l components of 
veloci t ies at the upper elevat ion were c o r r e c t e d by fac tors of 0. 865 to 0. 870 to account 
for the velocity profile a c r o s s the pas sage th ickness . 

Table 8 s u m m a r i z e s the shield flow r a t e s both with and without mixing devices . 
Fo r al l th ree configurations the shield flow r a t e , exp res sed as percentage of to ta l 
model flow, i nc reased with a d e c r e a s e in the number of operat ing loops. 

Dis t r ibut ion of Flow Among Gore Regions 

Table 9 s u m m a r i z e s the dis t r ibut ion of flow among core regions in the model for 
the 7. 5-ft core design both with and without mixing devices . Dis t r ibut ion of flow among 
core regions va r i ed only slightly with the number of loops operat ing. The var ia t ion 
resul t ing from addition of swi r l vanes was of the same o r d e r of magnitude as the 
var ia t ion due to the number of loops operat ing. The flow ra te for each region followed 
closely the r a t e s m e a s u r e d in the Core 1 How s tudies . 



TABLE 7. SUMMARY OF MDCKG DATA FOR 7.5-FT CORE DESIGN 

Concentration; per cent of fluid from traced inlet 

Configuration 
Figure 

Number 

34 

43 

46 

Ideal 
Concentration 

25.0 

25.0 

25.0 

Maximum 
Concentration 
Found in Core 

84 

62 

65 

Average for Indicated Quadrant 
2-1 

Four Loops 

10.9 

24»9 

27.6 

1-4 

7.8 

15.7 

15.0 

4-3 3-2 

18.2 63,1 

16,2 43.2 

23.7 33.7 

Concentration at Indicated Outlet 
2-1 1-4 4-3 3-2 

BasicCa) 

Swirl vane^a) 

Modified swirl vanes 
with shield flow deflectors(c) 

Basic 

Swirl vanes 

Modified swirl vanes 
with shield flow deflectors 

35 

44 

47 

33.3 

33.3 

33.3 

Basic 

Swirl vanes 

Modified swirl vanes 
with shield flow deflectors 

36 

45 

48 

33.3 

33.3 

33.3 

Traced Loop plus Two Opposed Loops 

89 19.3 22.0 23.1 

82 31.5 25.2 24.7 

79 31.9 24.5 38.9 

Traced Loop plus Two Adjacent Loops 

90 31.1 8.2 20.2 

78 42.1 24.9 17,6 

87 37.0 25.5 35.5 

68.9 

51.9 

37.9 

(b) 

27 

30 

Cb) (b) 

21 18 

20 21 

31 Blocked 27 

31 Blocked 32 

74.0 

48.7 

35.5 

-" 

Blocked 

Blocked 

— 

31 

32 

(a) Flow baffle had 312 holes of 19/32-in. diameter. 
(b) Data not taken. 
(c) Flow baffle had 312 holes of 11/16-in. diameter. 

27 

34 

29 

42 

37 

42 

36 
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TABLE 8. FLOW RATES IN THERMAL-SHIELD COOLANT PASSAGES OF THE QUARTER-SCALE FLOW MODEL 
WITH 7.6-FT CORE 

Loops Operating 

Flow for Configuration Indicated, pet cent of total 

Without Mixing Devices With Swirl Vanes 
With Modified Swirl Vanes and 

Shield Flow Deflectors 

Four 

Three 

Two opposed 

15.5 

17.5 

19.8 

19.6 

23.0 

24.6 

19.9 

22.8 

27.9 

TABLE 9. DISTRIBUTION OF FLOW AMONG CORE REGIONS 

Model 
Location 

Region 1 

Region 2 

Region 3 

Region 4 

Seed region 

Flow Disttlbutioo With Indicated Number of 

Without Mixing Devices 
Two 

6.50 

15.99 

23.79 

5.95 

47.78 

Three 

6,44 

16.05 

23.84 

5.75 

47.86 

Four 

6,48 

18.03 

23.68 

5.96 

47.84 

Two 

6.45 

15.93 

23.68 

5.85 

48.11 

Loops Operatings 

With Swirl Vanes 
Three 

6.39 

16.98 

23.89 

5.81 

47.94 

Four 

6,41 

15.92 

23.62 

5.95 

48.10 

percent of total 
With Modified Swirl Vanes and 

Shield Flow Deflectors 
Two 

6.62 

16.38 

23.64 

6,02 

47.44 

Three 

6.49 

16.25 

24.22 

5.97 

47. U7 

Four 

6.52 

16.07 

23.84 

6.00 

47.57 



TABLE 10. STATIC PRESSURES IN LOWER PLENUM OF 7. 5-FT COIOJ MODEL 

Pressure Tap 

1 
2 

3 
4 

5 

6 

7 

8 
9 

10 

11 

12 

13 
14 

15 

16 
17 

18 
19 
20 

21 

22 

23 
24 

25 

26 

27 
28 
29 ('̂ ^ 
30 (d) 

Four 
(Test 170) 

119.64 

113. 58 

120,27 

113.87 
120.17 

111.39 

120.27 

111,76 
117.64 

118.08 
119.49 

118.29 

118.26 
118.70 

118,96 
118.64 

119.01 

118.64 
119.01 
118.64 

119.06 

118,61 
118.64 

119.11 
119.08 

119.14 

119. 08 
119.43 

113.58 
120. 92 

Static Pressure With Indicated Configuration and Number 

Without Mixing Devices^*) 
Three 

(Test 171) 

72.12 
72.50 

72.36 

66.49 

73.22 

63.77 

73.67 
63.12 

70.90 

70 .99 
72.52 

70 .72 

70.32 

71.65 

71 .68 

71.87 
71.80 

71.56 
71 .82 

71.59 

71 .92 
71 .52 

71 .62 

73.37 
72.22 

72 .02 

72 .12 
72 .64 

68 .52 
74.22 

Two 
(Test 172) 

58.80 

59 .53 
59 .61 

49 .12 
59.50 

59.36 
58.80 

43,60 
59.10 

59.27 
58.90 

58.80 
59 .24 

59.36 
58 .62 
59 .74 

58.76 
58.80 

58.68 
59.70 

58 .62 

58 .75 
60.10 

60.30 
58.80 

60.36 
58.70 
60 .34 
56.50 
62.90 

Four 

(Test 167) 

120.24 

112. .30 

120.99 
113.24 

120.89 
112.11 

120.80 

111.06 
115.99 

119.09 
120.56 

119.86 
119.30 

117.86 
118.14 

118.74 

118.80 
118.62 

118.93 

118.86 
118.99 

118.71 

117.28 

113.93 
114.49 

114.68 

114.42 
112.43 
112.11 
121.99 

With Swirl Vanes (^) 
Three 

(Test i78) 

73 .44 

74. 67 

73.29 
65.04 

74.36 
66 .04 

74.59 

66 .34 

71.89 

72.86 
74.34 

74.06 

72.99 

71.26 
72 .14 

73.02 

73.32 
73 .24 

73.44 
73 .24 

72.46 
71.67 

7 1 . 6 1 
69 .04 
70. 34 

69.47 
68. 06 

67.93 
68.14 
76 .44 

of Loops Operating 

Two 

(Test 179) 

60.24 

60. 92 
60.24 
46 .74 

60. ,34 
60 .84 

60 .62 

48 .62 
58.54 

60 .24 
61 .24 
61.04 

60.96 

59.09 
59.87 
60 .44 

59.39 
58 .91 
60 .04 

61.32 

59.69 
58 .54 

57 .44 

55. 26 
55.80 

55 ,44 
55.64 

54.94 

55.19 
64. 09 

, in. of water 

With Modified Swirl Vanes and 

Four 

(Test 208) 

126.60 

118.10 
126.60 

J19.85 

127,85 
119.35 

J27.16 
120.54 
121.41 

123.97 
124.41 

127.85 

118.66 
122.10 

122.19 
123.13 

122.54 
123.22 

122.51 
123,04 

122. 85 

123.10 

122.85 

122.10 
122.41 

122.72 

122.57 
118.22 
119.54 

127.10 

Shield How Deflectors 
Three 

(Test 212) 

78.24 

80. 84 

82. 62 
72. 34 

81.94 
76 .74 
83.34 

74.44 
77.49 

79.44 

80.64 
80.04 

81.24 

77.24 
78 .24 
78.94 

79.64 
79 .64 

78.74 
78 .84 

78.64 

78,64 
78.24 

76^64 
78.34 

78 .24 

76.34 
77.74 
76.34 
84.74 

m 
Tifo 

(Test 213) 

62.76 
67.32 

68.76 
50. 96 
64 .01 
66 .01 

68.56 

54.46 

62.26 

66.76 
66.45 
66.07 
64 .51 

64.88 
64. 88 

65.26 
64.16 

63.66 
65.20 

65,14 
64 .64 

63, 86 
63,86 

61.56 
6.1.76 
61.64 

61.83 
61.32 

61.36 
72.01 

( j i 

TO 

(a) Flow baffle had 312 holes of 19/32-m. diameter. 
(b) Flow baffle had 312 holes of 11/16-in. diameter. 
(c) Above flow baffle. 
(d) In inlet nozzle. 
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L o w e r - P l e n u m Static P r e s s u r e s 

F igure 49 is a schemat ic drawing showing the locations of the 30 s t a t i c - p r e s s u r e 
taps which were instal led in the lower plenum of the model to study the effect of var ious 
changes in lower-p lenum geomet ry on p r e s s u r e dis t r ibut ion. 

Table 10 s u m m a r i z e s the p r e s s u r e s m e a s u r e d in the lower plenum of the model 
for the th ree configurat ions. 

A compar i son of the p r e s s u r e s obtained during four-loop operat ion both with and 
without mixing devices bes t shows the effect of the swir l vanes . Without vanes the 
s tat ic p r e s s u r e in the bottomi of the plenumj Taps 15 through Z8^ was quite un i form, 
but with swi r l vanes a definite p r e s s u r e gradient from edge to center resu l ted from 
the vor tex flow. With the modified swir l vanes the gradient was s teeper but did not 
s t a r t at the edge. Ins tead , a l a rge a r e a of uniform, p r e s s u r e surrounded a smal l a r e a 
of low p r e s s u r e at the center containing Tap 28. 

Flow-Baffle P r e s s u r e Loss 

Flow through the t h e r m a l - s h i e l d coolant pa s sages has as i ts driving force the 
p r e s s u r e drop a c r o s s the per fora ted flow baffle under the c o r e . The re fo re , in o rde r 
to design a baffle to obtain the des i red shield passage flow it was n e c e s s a r y to know 
flow baffle p r e s s u r e l o s s e s . These were de te rmined for s imulated two- loop, t h r e e -
loop, and four-loop operat ion. Fo r each de te rmina t ion , the p r e s s u r e differential 
a c r o s s the flow baffle was m e a s u r e d with a wate r m a n o m e t e r , the flow through the 
ou te rmos t t he rma l - sh i e ld passage was m e a s u r e d with the insta l led yaw p r o b e s , and the 
total model flow was m e a s u r e d at the model in le ts . The flow through the flow baffle 
was deterra ined as the difference between total model flow and sh ie ld-passage flow. 

Total p r e s s u r e loss for the ent i re lower plenum from the inlets to the bottom of 
the core and p r e s s u r e loss a c r o s s the per fora ted flow baffle were both m e a s u r e d . The 
total plenum p r e s s u r e loss is r epor ted as a loss coefficient, C L , as previous ly defined. 

Table 11 s u m m a r i z e s the loss coefficients obtained for t w o - , t h r e e - , and four-
loop operat ion with the th ree geomet r i c configurat ions. 

TABLE 11. LOWER-PLENUM LOSS COEFFICIENTS 

Loss Coefficient for Configuration Indicated 
With Modified Swirl Vanes 

Loops Operating Without Mixing Devices With Swirl Vanes and Siield Flow Deflectors 

Four 1.48 1.73 1.55 

Three 1.36 1.59 1.54 

Two opposed 1.28 1.44 1.53 
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FIGURE 49, SCHEMATIC DRAWING OF BOTTOM DOME OF MODEL SHOWING 
LOCATIONS OF PRESSURE TAPS USED TO MEASURE LOWER-
PLENUM PRESSURES 
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The addition of swi r l vanes i n c r e a s e d the loss coefficient by about 17 pe r cent 
for each loop configuration. When the swir l vanes were modified^, the flow^baffle holes 
en la rged , and the shield flow def lectors added, the loss coefficient for four-loop o p e r a ­
tion was reduced to a value only about 5 pe r cent g r e a t e r than the or iginal coefficient 
without mixing devices . The loss coefficient with the modified swir l vanes was near ly 
independent of number of loops operat ing. 

The p r e s s u r e loss a c r o s s the per fora ted bottom of the flow baffle is expressed 
as an o r i f i ce , or a r e a , coefficient as previous ly defined. 

The u p s t r e a m orifice p r e s s u r e was m e a s u r e d with the p r e s s u r e taps located in 
the bottom dome at the locations shown in F igure 49. The m e a s u r e d p r e s s u r e s , using 
Taps 14 through 28, were p resen ted in Table 10. Fo r the configurations with mixing 
devices where a l a rge p r e s s u r e gradient exis ted in the lower p lenum, an in tegra ted 
p r e s s u r e was used. The downs t ream orifice p r e s s u r e was m e a s u r e d with a piezoirieter 
ring insta l led in the bottom of the baffle^ Tap 29. Flow-baffle orifice coefficients a re 
s u m m a r i z e d in Table 12. 

TABLE 12. AREA COEFFICIENTS FOR FLOW-BAFFLE ORIFICES 

Orifice Coefficients for Configuration Indicated 
With Modified Swirl Vanes 

Loops Operating Without Mixing Devices With Swirl Vanes and Shield Flow Deflectors 

Four 0.63 0.61 0.60 

Three 0.60 0.58 0.55 

Two opposed 0.55 0.51 0.38 

Before the lower -p lenum p r e s s u r e data were taken for the modified swir l v a n e s , 
additional s t a t i c - p r e s s u r e taps were ins ta l led on the upper surface of the flow baffle to 
de te rmine the p r e s s u r e dis t r ibut ion downs t ream of the baffle. In four-loop opera t ion , 
there was a p r e s s u r e gradient downs t ream quite s imi l a r to the u p s t r e a m gradient in 
the lower plenum. Thus the p r e s s u r e drop a c r o s s the flow baffle was near ly uniform. 

When the number of operat ing loops was reduced and the total flow through the 
baffle d e c r e a s e d , the downs t ream p r e s s u r e gradient dec reased . With two-loop o p e r a ­
tion the downs t ream p r e s s u r e was near ly uniform while a p r e s s u r e gradient existed 
u p s t r e a m of the baffle. 

Prototype P r e s s u r e Drops 

Table 13 s u m m a r i z e s the total lower -p lenum p r e s s u r e loss for the prototype with 
the 7. 5-ft coil des ign , with and without mixing devices . The values were de te rmined 
as the product of the lower -p lenum loss coefficient, from Table 10, and the appropr ia te 
inlet velocity p r e s s u r e . 
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TABLE 13. TOTAL PRESSURE DROP IN LOWER PLENUM OF PROTOTYPE WITH 7.5 -FT CORE 

Total Lower-Plenum Pressure Drop With Indicated 
Configuration, psi 

Prototype Inlet With Modified Swirl 
Velocity Pressure(a), Without Mixing With Swirl Vanes and Shield 

Loops Operating psi Core 1 (6 Ft) Devices Vanes Flow Deflectors 

Four 4.04 5.44 5.98 6.99 6.26-
Three 4.81 6.07 6.54 7.65 7.41 
Two opposed 6.57 7.59 8.41 9.46 10.05 

(a) Based on nominal flow rates of 23, 700, 000, 19, 400, 000, and 15,100, 000 lb per hr for operation with four, three, and 
two loops, and an inlet-nozzle diameter of 15 in., which did not include a thermal sleeve. 

The p r e s s u r e drop for the 7. 5-ft core design without mixing devices is about 9 
pe r cent higher than the p r e s s u r e drop for Core 1 based on differences in total 
p r e s s u r e s . For the 7. 5-ft core design with swi r l v a n e s , the p r e s s u r e loss is about 
26 pe r cent higher than for Core 1. With modified swir l vanes the p r e s s u r e loss for 
four-loop operat ion i s only about 15 p e r cent higher than for Core 1. However , as the 
number of operat ing loops was reduced from four to two, there was an inc rease of 
61 pe r cent in the p r e s s u r e l o s s . This i nc r ea se was about 40 p e r cent for the other 
two configurations as well as for Core 1 and the 9-ft Core . Thus , as Table 12 shows, 
the modified swir l vanes a r e the m o r e efficient mixing device for four-loop and t h r e e -
loop operat ion. The re la t ive ly higher p r e s s u r e loss for two-loop operat ion appears 
re la t ive ly unimpor tant as the r e a c t o r is then operat ing at a low output. 
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APPENDIX 

F L O W - B A F F L E DESIGNS 

Detai led layouts of the flow baffles used for model studies a re shown in F igures 
A-1 and A-2 . All d imensions shown a r e those used for the 1/4-scale model ; prototype 
d imens ions would be l a r g e r by a factor of four. All holes were uniformly spaced with 
pi tch l ines forming equ i la te ra l t r i ang l e s . 

F igure A-1 shows the flow baffle for the 9-ft co re configuration. The hole 
pa t t e rn covered the en t i re flat bottom of the baffle. The 516 holes were spaced on a 
t r i angu la r pi tch with 3/4 in. between c e n t e r s , and were 1/2-in. d i ame te r . 

F igure A-2 shows the flow baffle used for s tudies of the 7. 5-f t -core configuration. 
The per fo ra ted a r e a was s m a l l e r than the flat bot tom of the flow baffle, covering only 
that a r e a enclosed by the r ing of swir l vanes . The 312 holes were a r r anged in a 
t r i angu la r pi tch with 15/16 in. between c e n t e r s . Data for two different hole s izes a re 
included in this r epor t . Data for s tudies without mixing d e v i c e s , and for swi r l vanes 
without shield flow, were obtained with a hole d i ame te r of 19/32 in. Data for modified 
swir l vanes and shield-flow def lec tors were obtained with a hole d iamete r of 11/16 in. 
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FIGURE A - 2 . LAYOUT OF FLOW BAFFLE USED WITH 7. 5-FT CORE SHOWING 
DIMENSIONS AND HOLE PATTERN 




