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m 

NEEDLE-VALVE TESTS 
Interior-Type Needle-Valve Body 

0 - 0riginal 42 o Needle. 

I - Cone 30 ° Needle with Alternate Tips. 
2 - Cone 360-22 ' Needle. 
3- Tube Valve (Closed Type). 
4 - Tube Valve (Open Type). 
R - Round-Edged Nozzle Insert. 
S - Sharp-Edged Nozzle Insert. 

NEEDLE-VALVE TEST 
Proposed Shasta Needle-Valve De 



10% 01=EN P.H.-54.53 Q-0.60 

25% OPEN P.H,-46.60 Q-1.82 

50% OPEN P.H.-27.62 Q-3.40 

75% OPEN p.H.-19.67 Q-3.95 

100% OPEN P.H.-17.98 Q-4.12 

NEEdLE-VALVE TESTS 
Original 42 ° Needle with Round-edged Nozzle 



,i 

D 

50% OPEN P.H.-II. 75 Q'2.02 

50% OPEN P.H.-19.40 Q-2.74 

50% OPEN P.H.-27.62 Q-3.40 

50% OPEN P.H.-39.23 Q-4.02 

50% OPEN P.H.-56.20 Q-4.75 

NEEDLE-VALVE TESTS 
Original 42 ° Noedle with Round-eden 



10% ~0PEN P.H. -54.30 Q-0.60 

25% OPEN P.H.-45.47 Q-1.92 

50% OPEN P.H.-33.00 Q-3.02 

75% OPEN P.H~-26,20 Q-3.52 

100% OPEN P.H.-22.80 Q-3.78 

NEEDLE-VALVE TESTS 
Original 42 ° Needle wlth Sharp-edged Nozzle 



i ̧ ! :i! ~ ~i ~ : ii :!!ii~ii ! I:i ̧  

50% 0PER P.H.-13,17 Q-I.90 

50~ OPEN P.H.-22.52 Q-2.50 

50% OPEN P.H.-33.00 Q-3.02 

50~% OPEN P.H.-46.32 Q-3.59 

50~ OPEN P.H.-56.80 Q-3.96 

~EEDLE-VALVE TESTS 
Original 42 ° Needle with Sharp-edged Nozzle 



z !:!i ¸: 7% E ~6 

10% OPEN P.H.-53.40 Q-0.60 

25% OPEN P,H.r~7.73 Q-1.68 

'i~i ¸ / 

50% 0PENP.H.-34oI3 Q-2.89 

75% OPEN P.H.-24.~78 Q-3.57 

30 ° Needle 

100% ~ P.H.-20.53 Q-3.SV 

Alternate tio) with Round-E, 



........................... .................... ~ ~, ~, ....................................... ~ .......... ~, ........... ? ......... ~_ .......................................... ~,~ 

50% 0PENP~H.-14.30 Q-1.76 

50% 0PENP.H.-24.22 Q-2,29 

50% OPEN P.H.-34.13 Q-2.89 

50% OPEN P.H.-47.17 Q-3.49 

3 0  ° Neec  

50% 0PEN P.H.-57.93 Q-3.80 

NEEE~VALVE TESTS 



: P I . A T N  ~ 

. . . . . . . . . .  , , ' , , : . i :  . -  . , . .  J .  : , - "  " ÷  " : ,  . . . .  - ' 

@ 

10%0FENP.~.-53.40 Q-0.55 

r' ~ /% 

25% 0PENP.H,~49.~3Q-I.25 

50% OPEN P.H.-39 ~23 Q-2.37 

75% OPEN P.H.-31.02 Q-3.05 

100% OPEN P.H.-26.20 Q-3.47 

lqI~IX.S-VALV'S TESTS 



........ ri% ~!ik~ ̧ ~ 

50% 0PEN P.H.,15.57 Q-1,55 

r 

50% OPEN P.H.-26.20 Q-2.02 

50% 0PE~! P.H.-39.23 Q-2.37 

50% OPEN P.H.-53.68 Q-2.88 

50% OPEN P.H.-79.75 Q-3.21 

NEEDLE-VALVE TESTS 
30 ° Needle CAlternate tip) with Sharp-Edged Nozzle 



10%~OPEN P.H.-55.10 Q-0.55 

25% OPEN P.H.-49.72 Q-1.42 

50% OPEN R.H.-39.80 Q-2.47 

30 ° NEEDLE with tip removed 

10% OPEN P.H.-55.67 Q-0.55 

25% OPEN P.H.-49.43 Q--1.42 

50% OPEN P.H.-39.25 Q-2.46 

NEEDLE-VALVE TESTS 
Cone 30 ° Needle ~wlth Sharp-edged Nozzle 



L, 

25% 0PEN P.H.-46o87 Q-I.77 

50%= OPEN P.H.-38.30 Q-2.93 

75% 0PEN P.H. -31 .50  q.5.60 

! : 

Cc 

i00%~ OPEN P.H.-27.42 Q-4.00 

NEEDLE-VALVE TESTS 
5°-22 ' Needle with Sha~n-Rd~.d -i 

L. 
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50% OPEN P.H.-25.25 Q-2.40 

50% OFEN P.H.-38.30 Q-2.93 

. . . .  t 

50% OPEN P.H.-53.81 Q-3.47 

50% OPEN P.H.-66.05 Q-3.83 

NEEDLE-VALVE TESTS 
Cone 36o-22, Needle with Sharp-Edged Nozzle 



i 

10% OPEN P.H.-54.53 Q-0.70 

25% 0PEI~I P.H.-47.73 Q-1.72 

S0~ ~ P.H.-~.TS Q-S.IV 

75% OPEN P.H.-21.10 Q-3.84 

100% OPEN P.H.-17.13 Q-4.09 

NEE~EoVALVE TESTS 
Closed Tube with Round-edged Nozzle 



.): Z : 

50% OPEN P.II.-12.60 Q-1.92 

50% OPEN P.H.-21o67 Q-2.54 

O 

50% OPEN P .H . -30 .73  Q-3.17 

50% OPE~ P.H.-&2.52 Q-3.78 

50% OPEN P.H. -61 .30  Q-4.43 

NEEDLE-VALVE TESTS 
Closed Tube with Round-edged Nozzle 



10% 0PEN P.H.-54.53 Q-0.70 

Lit L ~ ~ i~ ¸ • ~ ~i ¸ 

25% ~ 0FEN P.H. -47.17 Q-I. 68 

50% OPEN P,H.-31.87 Q-3.10 

75% OPEN P.H.-21.67 Q-3.81 

100% OPEN P. H. -17.70 Q-4.09 

NEEDLE-VALVE TESTS 
Open Tube with Round-edged Nozzle 



50% OPEN P.II.'13.17 Q-1~.76 .... 

50% OPEN P.H.-22.23 Q-2.42 

50% 0PENP.H.-31.87 Q-3°I0 

50% OPEN P°H.-44.33 Q-3.71 

50% OPEN P.H.-50.00 Q-3.89 

~EDLE-VALVE TESTS 
Open Tube with Round-edged Nozzle 



% ~ 5 ~ 

10% OPEN P.H.-53o40 Q-0.75 i I 

25% OPEN P.H.-46o03 Q-Io77 

50% OPEN P.H.-33.57 Q-2.91 

75% 0PE~! P.H.-25.63 Q-3.49 

100% OPEN P.H.-22.52 Q-3.76 

NEEIE~-VALVE TESTS 
Open Tube with Sharp-edged Nozzle 



% ~. 

50% 0PEN P.H.-13,73 q_l.S4 
i/~ i ~ 

50% OPEN P.H.-22.80 Q-2.40 

" 50% OPEN P.H.-33o57 Q-2.91 

50% OPEN P.H.-47.17 Q-3.45 

50% OPEN P.H.-57.93 Q-3o82: 

~EEDLE-VALVE TESTS 
Open Tube with Sharp-edged Nozzle 



, ~ ........ ? ~ ~ Lrl, '~ H "~J1 ~' ~ i  '~ 

~ 0  i 

50%@ OPEN P.H.-26.21 Q-3.35 

. . . . . . . . . . .  :!~ ii ~i.~ ~ ~ ........... 

75%OPEN P.H.-29.04 Q-S.95 

L 

'i 

100% OPEN P.H.-25.36 Q-4.30 

~i!z. ~. ~L~'~ ~ ~I~%~,~i ~ ~,~<~. r~ ~,~ .~:~:~ ~. ~1~..,~j ~ ~. ,~,~ ,i~, ~ rL, ̧~ 

~D~-VALVE ~S 
Proposed Valve Design 



i ~ ? ! : : / ! !  ii!ii'~: ~ 

5_0%@ OPEN P,H.-23.38 Q-2.7~8 

60% OPEN P.H.-26.?L Q-3.36 

s~ oPEN P.H.-61.43 Q-4.05 

i 

60% OPEN P.H.-63.89 Q-4.60 

NEEDLE-VALVE TESTS 
Proposed Valve Design 
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Generai View 

Close-up of Pitted A~ 
84-1NCH CASPER ALCOVA VAIV~ 



r£~\TE 21 

z ~  o~-~ 

20% OPEN 

4O% OP~q 

NEEDLErVALVETESTS 
1/8 Sectional Model 

Closed-type Tube with Round-edged Nozzle 
Prototype Head - i00 ft. 



I~TE 22 

60% OPEN 

so% 0P~ 

Ioo% OPEN 

~EEDLE-%q~LVETESTS 
1/8 Sectional Model 

Closed-type Tube with Round-edged Nozzle 
Prototype Head - 100 ft. 


