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Recirculating Flow Analyses of Intermediate Size 
Inducer Pump (ISIP) 

Refs: (1) AI Drawing, "Intemiediate-Size Inducer Pump Layout, 
ISIP," Drawing N266R000015, Issue 1, March 16, 1978 

(2) Allen, H. 6., "Hydraulics Design Report FFTF Primary 
Pump," Engr. Memo 4476, Westinghouse Electric Corporation, 
Electro-Mechanical Div., Cheswick, Pennsylvania, January 15, 
1973 

(3) Crane, "Flow of Fluids Through Valves, Fittings, and Pipe," 
Technical Paper 410, Crane Company, New York, N.Y., 1976 

(4) Internal Letter, "Pump Impeller Labyrinth Seal Study," 
DDR-712-3012, Isaacson, J., Rocketdyne Division, Rockwell 
International, Canoga Park, California, December 4, 1957 

(5) Crewdson, E., "Water-Ring Self-Primary Pumps," Vol. 170, 
No. 13, Institution of Mechanical Engineers, Westminster, 
South Wales, 1956 

INTRODUCTION 

Recirculating flows of the ISIP were analyzed, and the calculations are 
shown in Appendix A. Secondary flow paths were first obtained before the 
primary flow rates through the pump were obtained. Analyses were also 
conducted to check the impeller labyrinth seal design and the drain and 
vent hole leakages. 

SUMMARY 

Recirculation flow rates were obtained and are shown in Figures 1 and 2. 
From these recirculation flows, the primary flow rates through the pump 
were obtained and are also shown in Figures 1 and 2. 

The impeller labyrinth seal design incorporates good design features 
which are stepped pockets with slanted and rounded ribs. These features 
are especially helpful in minimizing the leakage flows for this large 
clearance seal application. 
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DISCUSSION 

The ISIP layout drawing (Reference 1) was used to determine the various 
recirculation flow paths through the pump. Recirculation flows which 
remained the same from the previous pump design were obtained from 
Reference 2 and are shown in Figure 1. 

Secondary flow paths were first obtained and are summarized below: 

1. Qj, leakage between suction nozzle outlet cone and inlet to 
suction elbow = 160 gpm. 

2. Q2, leakage through inlet static seal = 85 gpm. 

3. Q3, flow through drive shaft = 50 gpm. 

4. 0,, leakage through front impeller labyrinth seal = 648 gpm. 

5. Qc, leakage through rear impeller labyrinth seal = 569 gpm. 

6. Qg, flow through hydrostatic bearing = 200 gpm. 

7. Oj, leakage through the diffuser and radial bearing 
housing = 131 gpm. 

8. Qg, leakage through discharge bellows static seal = 10 gpm. 

9. Qg, leakage through impeller return holes = 669 gpm. 

These recirculation flow calculations are shown in the appendix, and the 
flows are shown in Figures 1 and 2. Friction factors used were obtained 
from Crane (Reference 3). 

Impeller labyrinth seal leakage rates were checked using previous Rocketdyne 
empirical data (Reference 4) and results obtained from E. Jackson 
(addendum to Reference 5). The seal flow coefficient obtained for both 
front and rear labyrinth seals was 0.428 which is realistic for the present 
design. These labyrinth seal designs incorporate the step configuration from 
Reference 4 and the slanted rounded backs of the ribs from Reference 5. 
These features should minimize these leakages and also provide excellent 
shutoff head characteristics. 

The shaft extension does not affect the flow rate through the drive shaft. 
Only a small decrease (less than 1/2 gpm), which includes the vent/drain 
holes contribution, is realized and was neglected for this analysis. 

From this recirculation flow analysis, the following primary flow rates 
through the pump were obtained: 
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1. Q d isch. , discharge flow rate = 14,500 gpm. 

2. Q i n l e t , i n le t flow rate = 14,500 gpm. 

3. Q suet, e l . , suction elbow flow rate = 14,660 gpm. 

4. Q i n d . , flow through inducer = 14,695 gpm. 

5. Q imp., flow through impeller = 15,997 gpm. 

6. Q trans, d i f f . , flpw through transi t ion diffuser = 14,780 gpm. 

7. Q ex is t , d i f f . , flow through existing diffuser = 14,841 gpm. 
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Jl. 77//S FlOW ANALYSES //VCIL/DES: /) SECOA/DARV < 
PR/MARY f=LOWZ> 2) LA6YRJMTH S£AL} DRA/N} f VENT HOLE f=LOWSm 

A. THE SECONDARY FLOW PATHS ARE DEF/NEO 
AS FOLLOWS : 

/ . Qf LEAKAGE BETWEEN SUCT/ON NOZZLE 
OUTLET COME AMD /A/LET TO SUCT/ON 
ELBOW. 

2.. Q^ LEAKAGE THROUGH /WLET STATIC SEAL. 
3. Q3 FLOW THROUGH DRIVE SHAFT. 
4. 04 LEAKAGE THROUGH FRONT IMPELLER 

IABYFUMTH SEAL. 
5. &$• LEAKAGE THROUGH REAR //SPELLER 

LABYR/NTH SEAL. 
S. $6 FlOW THROUGH HYDRO-STATIC BEARING. 
7. Q7 LEAKA6E THROUGH THE D/FFUSER AND 

RADIAL BEARING HOUSING. 
3. QQ LEAKAGE THROUGH DISCHARGE BELLOWS 

STATIC SEAL. 
9. Qg LEAKAGE THROUGH IMPELLER RETURN 

HOLES, 

8- FROM THESE DEP/N/T/OHS , FHE PQUOW/NG PR/MARV 

/ - QoiSc*.^ DISCHARGE FLOWRATE 
= MjSOOORM 

2. Q INLET =• SUC7-/ON NOZZLE FLONRATE 
— QD/SCH. = Hj Soo GPM 

3. GSUCT.ZLR SUCTION El BOW FLOW RATE. 

- G>/A/±£T + Qi V- J- 6?<s -A QQ 

4 . Q/ND. "= Flow THROUGH /AIDUCER 
= OSOC7: £L- -+• Qi. — G?3 

SlQ/AJP. =• FLOW THROUGH IMPELLER 
— Q/A/D -I- Qg •+- Q*. - /S" GPM 
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G QTFAHS. OIFF. =• FLOW THROUGH TRANSIT/ON 
D/PFUSSER 

- Q/MP ~ Q4. ~ QtT 
7- QsxtsTr D/FP - FLOW THROUGH EX/ST/A/G D/FFUSSER 

- S>T/?AA/S.O;FP -HQ7 — Q2. -t IS'GPM 

8. C?D'SCH. =" QEX/ST. D'f=F — Q6 — Q-7 " G>8 

= I4j Soo <GPM. 

C.THfS SECONDARY FLOW ANALYSES ARE AS FOIL ON S I 

/. Q6 HYDROSTAT/C SEAR/NCr 

SAME AS IA/EMD REPORT CREF. 2 ) 
Qg ~ 2-0° GPM-* 

2, Qy D/FFUSER AND RADIAL BEARING HOUSING 
SAME AS IA/EMD REPORT (p?EF. 0. > 

Q-7 = I SI GPM - * 

3. Q& DISCHARGE BELLOWS STATIC SEAL 
SAME AS WEMD REPORT (REF. 2. \ 
G>8 = IP GPM -* 

4~- Q4- FRON-T /MPELLER LABYR/NTH SEAL 
PROM ROCHETOYA/E DIV.j ROCPWEll /NT. 

£633 CAHOOA AV£j CAW06A R£'.j CA . 
Q+ = 64<9 GPM -< 

5T.0S- REAR /MPELLER LABYR/NTH SEAL 
FRO Ml ROCKETDYNE DPS-} ROCACWELL /ASP 

€63 3 CA NOG A AVE j CANOGA PHj C4 . 
Qs~ ~ i " g 3 GRMJ -* ; 

6. Qa. INLET STATIC SEAL 
GIVEN : MEAN SEAL D/A . = 2.3.2. AN. 

FACE W/DFH = -L / / / 

CLEARANCE -O TO 3 M/LS i SAY ASM/IS 
PER SEAL Z 

AREA = 77 CMS4A/ D/A) ClBALANCE-
- TT (23, Z) C OO/S) =r O. I03 /N2-
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LET : HEAD LOSS C H%) THROUGH GAP EQUAL TO : 
Hz =- /.s_v2 + -f M V} 

2-3 D 3-3 
' NHERE: V = VEL PHROUGH GAP 

-f =̂. pR/CT/ON FACTOR 
= O. OS7 FOR VERY 3MALI. 

CLEARANCES 
I =• IENGTH 

D - E&U/VALENT D/A 
- TW/C£ THE CLEAKANCa 
= -z C o. oo/S) ~ a. oo 3 /N-

5 = ACCELERAT/ON DUE TO ORAV/TY 
— 32. 174 FT/SFC 

SCASST/rUT/HG t 
Hz * ASM/ 1 H- . 037 C~k) V*" 

SOIV/HO FOR \/'o 
C.ooi>^ X3 

V -= Hi. \ i_ ( 2g ^ ^ 
^ —"=T~7T2L J 3-<?4 

LET-Hi = SOO PT CAiAY^) 
V ~(z-_j( £°P\h. = to 3 FT/SEC 

V = C2 / 4 4 
/4 449-83 

WHERE: 
Q = FLOW RATE TH ROUGH S£AL 
A - AVE. IPAKAOE AREA - a./OS/A/? 

a\ Q — VA 448.83 =r /03Co~i09)4<1-$<Q3 
,+4 144 

•=• 3 S GPM 
POR B07-tf RA C£S'. 

Q ~ 2. C3S) = 70 GPM 

ADD/T/OHAl LEAKAGE THROUGH THE 2 EA 
DRAAH HOLES MOST BE A^COOHTED FOR 

-L 
4 /N. 
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LP- 3S.8 —/s.i - zo.yRS/D 
A - 2 7T Czt)* = °' U0068Z FT2 

4C/44) 

HBAD LOSS -= / . ts-J/z 4 4 J=- V?~ 

LET:-^ - O.03T 

^ / . SS7 J. ^ Cf'S-87^ (? J 

O c 

\A/HERE : /O =• DENS/TV 
= SO-67/ LB/FT3 

V — 4a. 7 FT/SBC 

AND (3. -= VA 4S,8-S3 ~ 43.7C°'°oe632)443.83 
- Pi- d GPAij SAV IS GjPM 

o" ~T<OTAL /NLET STAF/C SEAL LP.A/SA&E / S t 
£ ? z =r 7 ^ 4 / 5 " ~ &S <5PM 

CHECK. ON REYHOLb'S AlO. C / ? e ) 

WHEREZ d= £>/A.} PT 
^c - y/sc&s/TY 
, • sr O.S2ZI L8/FTHR 

8O8ST/TUT/NG I 
R^zr 50.97//4S.7) -ZJT C3 6oo) — 3.5-X/o5' 

I 2-
v O- S2.2/ 

LET I e~_ —O.Ooot— O.OOQ4 

4 
FROM CRANE C REF. 3 ) 

4= ~ o.on.3 
a 4 / / = ASM/ 2 " 4 (T^.O/73j l£§- J £ 

2 - ^ 
l V « / 2 $ A/V V5- ^ft3_£^-7;M±y- = 49.4PT/SfC 

— 
.7.S4 7 w ^ ? 

<3 =4S.4CO.OOO<5&2)449.83 =r / J T C S / V / 

0 o O r ~ TOHIS « SSOPM^-
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' "^ ^ 3 DRIVE SHAFT 
FROM THE l/VEMD REPORT ( REF - Z ) 

Q2 =r 43- 8 GPP1 
BECAUSE THE XSXP DES/GAJ HAS AN ADD/T/ONAL 
SHAFT EXTENS/ON } THE ADD/TIONA L PRESSURE 
LOSS AND ACCOAiPANy/A/O DECREASE /Al PION' 
RATE WAS CHECKED A5 FOLLOWS * 

LET ' d ~ I - 3S~ /H. (DISTANCE ACROSS FlATs) 

o%/4 ~ 7T ( /» 3SJ2 "^ O. OZOTPT^ 

LETt a -43-3 GPA7 

O°o v — GL =• <4e.s _ 
A 445.03 (0,0107} 448.S3 

- 5-3Q FT/SEC 

7?e - £TO>37/ {5*3* ) IL2£ C3600) 
l^j. 

O. 5111 

•=• 3.07 X/O^ 

"dT j,ss 
FROM CRANE 

- f ^r O-O/SZ. 
AH- ~ ?*S~ C £^6)*-+ o> Q/92 C 13.6) (S: 36)* 

2% I ' 9 :T C 2$ 3 

= a. 73 FT 

Q - K \J2vTj OR: K - -&— 
VLW 

RROM WEHID ( REP. 2. ) 

\f4-2.S4 

.\ Q3 =r -7.0S1- \j4<3.84-.73 ~ ^3.44 GPA1 

DECREASE /A/ PLOW = 43.3-4S.44 
— 0.36GRA1 (NEG/1/GI81E) 

o. ££T Q 3 = SOGPM-* 

file:///J2vTj
file:///f4-2.S4
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8. Q i SUCTION NOZZLZ OUTLET COHE AND /NLET TO 
SUCT/&N ELBQ*/ 

Urn 

- SO + -L (2oo) 4 to 

= I GO GPM 

0. Qg IMPELLER RETURN HOLES 

=> 5*6 9 4- -L (ZOO) 

- GG3 GPM * 

O. XMPELLER LASYR/NTN SEAL CHZCK 
PROM ROCKETDYNE D//.j POCKw/zLL 3ZNT 

Q+ = G^8 GPM 
Qs - Sea GPM 
AP* •= DELTA PPESSURE CSTAT/C) ACROSS A^&OMT 

L43YF/A/TH SEAL 
-=• I2.S.7- 3S-3 = 33-8 PS/D 

APs~ = DELTA PRESSURE (STATIC) ACROSS REAR 
LABYR/NTH SEAL 

= /2 6 3 - 3 3.7 - 8 7.2 PS/D-
FRONT SEAL AVE D/A.= 22. o" /N-
R£AR SEAL A\AE. D/A.- 2.0-4S/H, 
D/AMETRAL CL. - O. /OO TO O.//0 /N-
AVE. D/AMETRAL CL - O. lOS/N. 
FRONT CAS/NG D/A -= 22.SY-OHOS~= 2 2. 6 OS /N. 
REAP CAS/HG D/A-- 20.4S-+ O./OS- 2&- S5S' /H. 

FPO/JT S£AL CL. AREA - (22. 6QS°-- Zl.^TT 

=• O.OZSS3 FT^ 
PEAR SS.AL CL. AR£A -=" ( O.O. 60s a - Zl^S*) JT__ 

4C/44) 
= O- 02Z4& FT2-
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'/-, . FLOW //VRT3/SEC -= KA C2JAH) / 2" 
OR K = a ___!___-

A Cz3AP)f/2. 449.S?> 

AH = AP / D££- \ 
C sa-97/J 

VJ//£R£ : K - SSAL FLOW CO£F&C/£//T 

t o*8 K FOR R&7VT SEAL- - £48 . 
a.C2 5-&3C2$ C33.<3)/J1.\2. 448.83 

SO.S7/J 

- O. 428 

K FOR REAR SEAL "=• . ^ g 9 

o.o*.348Cz3CB7.2)M± \"i 449.83 
SO-S7IJ 

= O- 428 

\UH£.RE t c//^ "= -4- ^ C / / f . e^ /4 ~) A^-r 

A C<f4&B3 } 

^K — VtSCCZfTY 

— &.S21/ L.S /FT HR 

PROMT SEAL WETTED R£R/ME7~J^R = /Tj( 2 2 .60S•+- 22. 5") 
/ X 

-=- / / . 8 / / = T 

REAP SEAL WETTED PEK/A1E.TER rr jr. ( 2 O. SSS + 2tf.«s0 

rs /<?-74 /=7~ 

•*. FRONT SEAL R<- -a- ^ 7 . ^ ^ l ^ g 3 ) &48 ' £ ^<2,<3?y) 
/ / . e / (Q•0*4&3)4A3.83 , 

O. 5"2 2 / ~ l 

R£AP ZEAL%<z -=• 4(T:S~69:) (TSo-37/) C3€Qo) ^/.6£y/o> 
jo. -74 C448.S^CO.Sz2/ 

THE K VALL/ES FOR BOTH SEALS ARE OF REAL/ST/C 

VALOES 73ASED OA/ R£>EL/(OG>S ROCKETTDYA/E DATA (REF. 4 ) A^P 

PROM TfiEl RESULTS OP EZA.iJACArSOA/ (ADDENDL/A1 OF- REP. 5") . 
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THE AAB/RAUTH SEAL QOA/R/<ZO>A?ATAON /NCORPE&ATES 

FEATCRZS F=A?OM BOTH REFF&EAAC/S-SJ AVAMELY % 

/. SrEp CO/VF/GC/RAT/OA/ FFZOM REZF 4 * 
2 . ROOAVDEO BACKS OF SLOPED R/8S FROM REF. 5~ 

TA/E STEP COA/RAGL/RAT?<?A/ RESULTS / W LOW LEAKAGE 

FLOWS COMPARED TO A/OA/- STEPPED COAAR/GURAT/AA/S CREF4}. 

THE 'ROOAAOEO SACK ALSO RESOLTS AN LOW LE.AK4GP 

FLOWS* ESPECIALLY FOR SEALS \A//7~H L.A&&G <?<.A?AR~ 

AA'QESCAS AN OcsR L>ES/OA/)* T~///S ROUASDED PACK DESAGN 

ALSO PRo\//t>E5 FOR EXCJELL£TAVT 3AV07—OFE A/EAD CA/AR-

ACTER/ST/CS WHERE H/&H PUMP HEAD / S /VA/AAT-A/A/E Ds 

(*?EF„ 5 ) tt 

E. D&AAAS AA/& VEN7~ HOLE <2HECK 

VARIOUS DRA/N ANb IAEA/T ROZ.ES LOCATED NAY ALLOW 

LEAKAGE FLORAS W/TPAAA THE PvMP. TA/ESE HOLES A&E 

tD£AAT/F/£Z> &Y a ARC LED AAUM8ERZ CSEE A^/C 2. > 

0 AASDCCER AAAD //SPELLER CFRONT SAAKOCO') HOUZAA/C-, 

DRAAAA HOLES- AS <5-RM CSEE R<S A4 ) 

@ /MPELLER DRAIN HOLESC 2. EA , ^ /A/ D/A.} 

AR = U^-U? 
*3 , 

CC-z, - rr D2N sr rr ( / 3 . 3 ) l/io — <s& - & FT/SEC 

7X0 72.0 

OC, -= rr o , N — n ( / I . 2.) mo* ^ r 5T4. 2 FT/SEC 

7ZO T2.0 

AR - <S6.8'Z"— S-4-21- — 2 3.6F7-

AH - t'SV*^ -f JL V? 
2.5 ° ^ 

- hsM^ 4- o-o/73C4.S)\L1' 
i-e C7.S 2-3 

V ~{2.<3 AH\3. . - / 2 f j C 2 3.«S*)\"a. =r 2c7 .8> c "7 - /5 ' ^C 
I 7.03 J V / . Q 3 J 

Q - VA44A9.93-Z= 29.8C0,O00<$8L)*?4&.63 

http://ROz.ES
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DRA/N HOLES /A/ SHAFT EXTENSA ON ( 2 jSAfJ -4} /A/. D/A.) 

U.2. - jr_ ( 3. 6) ///O = / y. 4 FT/ SEC 
72.0 

AC, - 7T A 2.4) H/O "*• / / - ^ FT/SEC 
720 

AH - /7.4 *-//.6Z - 2 . 4, FT 
2-3 

VLzAST HOLES //V SHAFT EXTEAVSAOAL (2EAJ ^ - /N. D/A-) 

LC^ = tr(6.G) mo •=. 3z FT/SEC 

720 
CL, - 7T Lo.o)///o - 24 .2 ET/SEC 

72 0 

AN = 3 2 2 - 2 ^ . 2 2 = g.QFT 

DRAAAA A/OLES AAA /MPGLLER HOB C 2EA> -£- /H- />/A.} 

U-i-TT CS.3)///0 = 2.S.8 FT/SEC 
72.0 

CL, =• 77 (3-7)//AO = '7.3 ET/SEC 
7 2 0 

A N - 2S.S*- /7.S2- - S-.4 FT 
*3 

VENT HOLES /A/ AMPELLER HUB C 2 EA , 4^ jN- D/A) 

U.o = 7T Cc9-2) IIIO -= 3 9.7 FT/3EC 
72.0 

CL, - rr C6-s)///o - 3/-s RT/SASC: 
72.0 

AN = 39.7 z - 3/-S^ ~ 9- 1 FT 
*-3 

REFER'//SO TO F/O. 2 AH ® IS ACT/N& AOA/H^.T 

AH © AND AM © / S ACT///& AGA/NST *N ©. 

a . AH©- L P ® - C8-2.€ — 4.2 FT 

AH © - AH© ~ 9 - / - S~-4 -3.7- FT 

AND AH © - = i.s^-{-0.0(73 C'j7£^}L — 4.?-FT 

2-3 * i * ^ 
i 

V Q) ~/2-f(^-3L)\~2, ~ /3. 2 FT/SEC 
K 1•S> A 

Q@ = - / 3 . 2 . (a. ooo692) 44&.S3 - 4 <s-PA*r 
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AN <S = f'SJ/^ 4- ^>0/73 693*) V^ — 3. 7F7-

^3 i -
• Z D 

O a 

v 6 ~ f2-lA2iD\ 2- =" / 2« 3 FT/SEC 

<3 & •= /2.3C0-000682} 448.93= 3.8 GPM 

R£~C/RCC/LAT/ON FLONS ARE % 
Q 3 — 4- &PM 
Qj. -= ^ (ZPM 

Qs = 3.8 GPM 
& 6 - 3.8 GPM 

SEE F/O. 2- POP PLOW D/E*ECT/dA/ 

BECAUSE AN ADDAT/OAAAL -4 <S/W PLOIA/S -7-HR00&H 
THE SHAFT /EXTENSION^ C?3 FLONRATE /$ CHECKED. 

F- CHEC/C OF Q^ FLON THA?OCGH DP'/l/E SHAFT 

. LET :•£}'- -43.S 4- 4 = S3.9 <3PAf 
V1 =• S/3-8 «=. 5".75 FT/SEC 

O. 0*07(449-83) 
* c = 5°o.37/ (£.73) l_.35T (3£oo) = 3 - 3 V / / 

FF0A4 C&AHE ) 4 =Q.O/&* 
AN = /-^C_Sj.73 ) z +0,0/3* (13-3) C $>73)Z 

x3 '• 9SC13) 

- O.QZ FT 

K - -7.0S-4 ( SEE P&. AS) 

e\ Q. = -7. <?S4 \Jlpir$4-~S5 ~ ^3.37<SPAy 
DECREASE /N FL0W ~ 43.S4l-4S.37 

^C4-7 <$P/4 (NEGL/G/8L6) 

AET.'Qz =r 50J3J?MT* « . * . 

http://43.S4l-4S.37
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G. PPIMARY FLQV/FAFES THROUGH PUMP 
FFOM PARA & j PA0ES AI A^D A2j THE 

FOLLOW/A/G FLOVV/?ATES A&E OBTAINED % 

A Q&/SCH ~ Hj SOO GPM-* 

21. Q/NLET - / 4 3 SOO GPA4 — 

3. QSOCT: EL.~ OAULET 4 Gi 
= /4JS~00 4- /eo -14, 6CO GPM ^ 

4- Q/pD. = QSUCT, EL. 4 02. ~ Qz 
rr /4j 660 4- SS'- EO 
= / 4 , <S 3S~ GP/4^ 

5". O/MP. - 6?//V£ 4 C?g 4Q4 ~/5~ 
= I463S4- 669 4-AZ43-/5T 
~ /5"-> 9$7 G^W-* 

€• QTRAHS D/FF. =• QAAJP - <3<? - Qs~ 
= /Sj 697- C48- 5~£3 

7. Q/EX/ST. O/FF, =" QTRAJ/S, £>/FF + Qj ~ Q1 ~+ ' 5 
zzt4j7d0 4- 131 - 8S~ 4-/S" 
= / 4 , 941 GPM -^ 

8. Q DISCH - OEYI'ST. D/FF. —06 — &-7 ~ ^ 8 
- /4,c94/~ 20O- 13/ -IO 
=r l_4J_500_GP/4-^ 


