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2:'.0 REFERENCES 

.-.0.1 TVA S0K A2-826892 

HcIRIZ. HOSE 47W450-i001/i002 (FEN.NO.X-39B-I/-0) 

23.0.2 METAL BELLOWS CORP DRAWING 77752 

23.0.3 ASME BOILER AND PRESSURE VESSEL CODE, SECTION III 

SUBSECTION NC CLASS 2 COMPONENTS 

23.0.4 STANDARDS OF THE EXPANSION JOINT MANUFACTURERS 

ASSOCIATION (EJMA) FOURTH EDITION 

23.0.5 ASSESSMENT OF FLEXIBLE LINE FOR FLOW INDUCED 

VIBRATION - GEORGE C. HARSHAL SPACE FLIGHT CENTER 

REPORT NUMBER 20M02540.
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RI\ 7.  

£; I.L
i 3 i DESIGN CONDITIONS 

OPERATING PRESSURE 

DPESIG. PFRESSURE 

OPERATING TEMFERATUtk 

DESIGN 1EMP-ERAIURE 

ROOH TEMPERATURE. PROOF 

BURST PRESSURE 

FLOW RATE, NITROGEN 

LINE SIZE 

MOTIONS

PRESSURE

3 PSIG 

i50 FSIG 

100 F 

150 F 

225 PSIG 

600 FSIG 

0 LB/SEC 

0.8 INCHES

0.'P683 
PAGE It

* 1

THERMAL OFFSET, DT 

CYCLE LIFE 

VIBRATION OFFSET DV 

ALLOWABLE LOADS 

FOCRCE 

MIOMENT

0.331 

10000 

0.350

N/A 

N/A

INCHES 

CYCLES 

INCHES AT 

LES 

IN-LBS

( C ·I 

..)

15 HZ



S 23.2 HOSE DATA 

23.2.1 BASIC TUBE,00 

OUTSIrE DIA. ODi 

SINSIDE DIA, D 

;E-AH L'IA, DP 

THICKNESS, T 

: SPAN, W 

PITCH, Q 

LENGTH, L 

( NO OF CONVOLUTIONS, N 
,L·

0.750, 

.. 040 

0.733 

0.887 

0.016 

0.152 

0.125 

12.125 

97

CR683 
PAGE Iza

INCHES 

INC.IES 

INCHES 

INCHES 

INCHES 

-INCHES 

INCHES 

INCHES

23.3 PERFORMANCE CONSTANTS

TPs-T(D)EXP.5/(DP)EXP.5 

TFP 0.015 INCHES 

Q/2W= 0.41 

Q/2.2(DP(TP))EXP.!5 0.49

0MATERIAL THINNING>

23.3.1 FROM FIGURE 38, EJMA STANDARDS 

CP= 0.71 

23.3.2 FROM FIGURE 39, EJMA STANIYRDS 

CF- 1.52 

23.3.3 FROM FIGURE 40, EJMA STANDARDS 

CD= 1.59

J!~.

... ' d 

Cs 

4-· 

*64
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23.4 

2-.. i 
X :

23.4.2 BELLOWS CIRCUMFERENTIAL MEMBRANE PRE3SURE STRESS 

S2= (P)(DP)/2N(TP)(.571+2W/Q) 

( S2= 1518 PSI 

CODE ALLOWABLE 18550 F'SI

23.4.3 BELLOWS 

S3= 

S3= 

23.4.4 bELLOWS 

S4= 

S4u

PERFORMANCE EQUATIONS 

EELLOWX ITANGENT CIRCUMFERENTIAL PRESSUR£ STRESS 

.Si- (P)(D)(Eb)/2((TC)(EC(C)+(N)(T)/S ')) 

Si-- 353 PSI 

CODt ALLOWABLE= i8550 PSI

NERIDIONAL PRESSURE STRESS 

(P)(W)/2N(TP) 

785 PSI

MERIDIONAL PRESSURE BENDING ~ TRLSZ 

(P)(CP)(W/TP)EXP2/2N 

5852 PSI

CR663 
PAGE 12

C~ 

3 

(3 

I 

( t
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.- 23.5 EQUIVALENT AXIAL MOTYO;' DUE TO OFFSET 

ET" 3DP(DT)/N(L) (THERMAL) 

ET-W 0.000749' INCHES 

i'rc:E=33DrP(DUIBE)/ (LQ) (SEI'1IC-4 

C..,,r i.- 0.0003399 iiCHiLS 

F.SE= 3DF(DS3E)/i(L) (SEIS IC

ESSE= 0.0009644 "'CHES 

EV= 7DP(DV)/N(. (VIBRATION) 

EV= 0.0007923 INCHES

23.6 BELLOWS MERIDIONAL MEMBRANE DEFLECTION 

S5= EB(TP)EXP2(ET)/2(W)EXP3(CF) 

S5= 440 PSI 

S5= EBITP)EXP2(EbBE)/2(W)EXP3(CF) 

S5= 494 PSI 

5 S= EB(TP)EXP2(ESSE)/2(W)EXP3(CF) 

SSU= 567 PSI 

3- EB(T P)EXP2(EV)/2(W)EXF'3(CF) 

SS-= 466 PSI

CR683 
PAGE 124

-SSE.)

STRESS 

(THERMAL) 

(SEISMIC-OBE) 

(SE1SMIC-SSE)

23.7 L;ELLOWS HERIDIONUAL DEFLECTION STRESS 

S6= 5EB(TP)(ET)/3(W)EXP2(CD) 

S6= 14790 PSI 

S~6 5EB(TP)(EOBE)/3(W)EXF2(CD) 

s6- 1i578 PSI 

S6v 5EB<TP)(ESSr)/3(W)E>:P2(C'D) 

V6" J903" PSI 

$6A 5EB(TP)(EV)/3(W)EXP2(CD)) 

"6= 15639 PSI

(THERMAL) 

(SEISMIC-OBE)

(SEISMIC-SSE)

ul., . I K . '.

r;: ·ti~ .~..  
:I·- i "' 
r'. r-

·-:i .·.· 

,,

C] · 

.,1 
I·: 

V~ 

Ir 
i: 

C'

(VIBRATION)



·(

23.9 CALCULATED.LIFE 

NC= ((C)(TF)/(ST-B))EXP3.4 

NC= MORE THAN I,OEXP 8 CYCLES 

REQUIRED LTFE- 10000 CYCLES 

NC= MORE THAN i.OEXP 8 CYCLES 

REQUIRED LIFEa 500 CYCLES 

NCm MORE THAN i.OEXP 8 CYCLES 

REQUIRED LIFE* 500 CYCLES 

NC= MORE THAN i,OEXP 8 CYCLES

(THERMAL)

(SEISMIC-OBE) 

(SEISMIC-SSE)

(VIBRATION)

~·~~34Jr~r··:r.r~:~5;~ I:ji~~C:~;i~:ir·-;r~11---1_11111 

·̀: '· 
ci! . : , · · 

.- · · 

.·I .

23.8 TOTAL CYCLIC STRESS CR683 
PAGE i 

ST = (S3+S4)+(S5+S6) (THERMAL)w 

1S= 21869 PSI 

ST = .7(S3+S4)+(SS+S&) (SEISMIC-OBE*ww 

ST= 21719 PSI.  

ST = .7(S3+S4)+(S5+S6) .( EISMIC-SSE)** 

ST= 24249 PSI 

ST = .7(S3+S4)+(S5+S6) (VIBRATION) 

ST= 20752 PSI 

* MODIFIEr sTIGLIE ANALYSIS BASED ON CYCLING PRESSURE.  

s .EJMA FATIGUE. ANALYSIS BASED C(N CONSTANT PRESSURE.

25

"4 

(, 

- : 
j; a' € 

,/ 

(

C



F,, .-. 'v..p*.

4.  

t·
- ci~3.L0

. . .4

BRAID ANALYS4IS 

WIRE DIA, D- .0i2; INCHES 

NUIBER OF WIRES PEI LUNDLE. N, 

NUMBER OF BUNDLES, B= 36 

ANGLE FROM HOSE AXIS, X=43 DEGREES 

WEIGHT PER FOOT, BUW O.i6 LBS

CP683 
PAG. 16-

-3.i0.1 END LOAD DUE TO PRESSURE 

F- .7854(DP)EXP2(P) 

SF= 92.79 LBS 

,3.0.2 BRAID AREA, TOTAL 

A= .7854(D)EXP2(N)(B) 

SA-l 0.033 SQ INCHES 

Z3.0.3 BRAID STRESS 

STa F/ACOSX 
I 

( ST " 3894 FSI 

ALLOWABLE STRESS - 18550 PSI

SPRING RATES

a3.iiA AXIAL SPRING RATE 

KA= i.7(NP)(ED)(DP)(TP)EXP3/N(CF)(W)EXP3 

KAw 266.48 LB/IN

( U 1.2 OFFSET SPRING RATE 

KO= i.5(DP)EXP2(K(A)(F)/(L)EXP2 

IKO 5.i69 Lb/IN 

Sa.1i.3 ThER.lAL DEFLECTIOi' FORCES 

Fa () )(DT) 

F" 1.93 LB 

( iHXItUM ALLOWACtLL k N.' LBS

r 

i I



S1.13.2.3 

13. i3.2.4

BELLOWE SPRING RATE 

FROM PARA U.li.  

KA- 266.48 LB/IN 

ELEMENTAL SPRING RATE 

KE= 2NC(KA) 

KE= 51697.02 LB/IN

( . 13.3 FREQUENCY RANGE (FLEX HOSE) 

13.13.3.1 IN-PHASE LONGITUDINAL 

FR1= (2KE/(MM+NFI))EXP.5/2(3.1416) 

FRi= 20010.8 HZ 

i.13.3.2 OUT-PHASE LONGITUDINAL 

FR2= (2KE/(MM+MF2))EXP.5/2(3.1416) 

S - FR2= 19860.7 HZ 

2U.13.3.3 FIRST BENDING MODE 

FPli (8KE/MM=MF2))EXP.5/2(3.1416) 

a FBi= 39721.3 HZ 

I3.13.4 VORTEX SHEDDING VELOCITY 

L.13.4.1 PITCH (LAiHDA)> 0.123 INCHES 

CONVOLUTION WIDTH (SIGMA)= .0.076 INCHES 

LAMDA/SIGNHA 1.592 

FROM FIGURE 1 

( UPPER P'ROUHAL NUMBER, SUw .37921 

LOWER STROUHAL'NUMBER,. SL .16314 

J3.13.4.2 FOR FRi 

SVU FRi(SIGHA)/SU 

. VUs 4142. FT/SEC 

VLu F'RISISMA)/SL 

VLr 9629. FT/SEC L - .*

CP683 
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S3.1 i3:.4.3 

IL 

4 

Z3.i3.-l.4

21. t4

"OR FF:2 CP68 

VUI: FR.2(SIGHni/SU 

VU- 411i. ?T/SEC 

VL= FR2(SIGHA)/SL 

VL= 9557.Fl /'.C 

FOI FBt 

VU= FLI(SIGTA)/SU 

VU= 8223. FT/SEC 

VL= FBI(SIGMA)/SL 

VL" 19113. FT/SEC 

NO OVERLAP OCCUr$S BETWEEN THE BELLOWS HOSE FLOW AND THE 

VORTEX SHEDDING RANGE THEREFORE NO ADDITIONAL. ANALYSIS 

IS REQUIRED ON HOSE ASSEMBLY FOR NDULCED VIBRATION

130o

PRE93URE DROP

.1. i4,1 i LOSS. (Fr. CTIrE+ i AC/TO ( i:'i 

LOSS- .000E+00 PSI/'FT

I .1

C 
a 

( 

(.  

A ^



il` 
b·;;.  

n· .  
~;J;;k: 
~Lj~~: '· 
r· 

E~ · '~· 

4 ;.··r 

~'·s:
CR683 
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'

MBC JOL: NO 14727

24., . RE'ERENCES 

24.0.1 TV" &OIK-626892 

VEfT. HOSE 47W 450-1001/1002 (PEN.NO. X-39b-I/-0) 

24.0.2 METAL BELLOWS CORP DRAWING 77752.  

24.0.3 AS1TE BC1LER AND PRESSURE VESSEL CODE, SECTION 1 

SU;SECTIOU NC CLASS 2 COMPONENTS 

24.0.4 STt'iNDARDS UF 1HE EXPANSION JOINT MANUFACTURFk' 

ASSOCIATION (EJMA) FOURTH EDITION 

24.0.5 ASSESSMENT OF FLEXIBLF LINE FOR FLOW INDUCED 

VI'RATION - GEORGE C. MARSHAL SPACE FLIGHT CEiTER 

REtPORT NUMBER 20M02540.

C 

C 

( 

I 

( 

(I

(I 

C 

C 

C



S;4. DSFO!Gi COuDITIONS 

OF.ARATING PRESSURE 

SIDFIGN PRFSSURE 

OP'F;RATING TEM'PERATUF; 

).>EI'GN TEiiPERATURE .... .  

ROOl TEMPERATURE PROOF PRESSURE 

J. U'ST PRESSURE 

FLOW RATE, NITROGEN 

LINE SIZE 

MOTIONS

.3 PSIf 

150 fSIG 

100 F 

150 F 

225 -PSIG 

600 PSIG 

0 L3/SEC 

0.8 INCHES

CP683 
PAGEO 1

' . -'.  

I 

( ' ̂, 
':~ 

I " 
C , e l

0.495 

10000 

0.520

THERMAL OFFSET, DT 

CYCLE LIFE 

VIBRATION OFFSET DV 

ALLOWABLE LOADS 

FORCE 

MOMENT

N/A 

N/A

INCHES 

CYCLES 

INCHES AT 15 HZ 

LBS 

IN-LPS

c,

. 1

." ·"
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24 .2- HOSE DATA 

24.2.1 BPTIC TUBE, OD 

VCTS1DE DIA, 0) 

SIT.DJOE DIA, D 

MEAN MA, DP 

THICKNESS, T 

SFPAN, W 

PITCH, Q 

LENGTH, L 

I NO OF CONVOLUTIONS, N

0.71:; 

i.-040 

0.73"; 

0.897 

0.016 

0.152 

0.125 

18.125 

145

CR683 
PAGE 133

IIJChES 

1HIliES 

INCHES 

INCHES 

INCHES 

INCHES 

INCHES 

INCHES

24.3 -.RFGORANCE CONS. iiNTS 

TP= T(D)EXP.3/(DP)EXP.5 'MATERIAL THINNING) 

TP= 0.015 INCHES 

SQ./2W= 0.41 

Q/2.2(DP(TP))EXP.5= 0.49 

24.3.1 FROM FIGURE 38. FJMA STANDARDS 

CP= 0.71 

24.3.2 F;:OH FIGURE 39, EJMA STANDArDS 

CF= i.52 

24.3.3 F;:Oi- FIGURE 40, EJMA ST,,NDARD" 

Cl,, ..59

'4 

-C 

4- · 

( :
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( 24.4 PERFORMANCE EQUATIONS CR683 ( 
2 PAGE 134 

S 24.4 1 ;. LLOWS TAINGENT CIrCUMFERENTIAL PREStIRFL S'iTRESS 

S(i- (t)< (I EB>)/2 C(("C) .(i-:)>-N (T (Eb) 

S =Si 353 P ..  

SC(.D ALLOWABLEL- i:i:;50O PS .  

24.4.2 BELLOWS CIRCUMFERENTIAL HEMBRANE PRESSURE STRESS 

3S2= (P)(BP)/2N(TF)(.57i+2W/0) " 

SS2= 1518 PSI 

CODE ALLOWABLE= 18550 PSI 

24.4.3 BELLOWS MERIDIONAL PRESSURE STRESS 

S3= (P)(W)/2N(TP) 

SN3= 783 PSI ( 

£ ".4.4 E.ELL.OWS MERIDIONAL PRESSURF iENDINC STRE5 ( 

S4= (P)(CP)(W/TP)EXP2/2N 

S4 3 5852 PSI 

4 ( 

. . , 

4 1 

a '



rWT. .*:.  

•; 

t( 242 5 

4< 
I-

EUJIVALENT AXIAL iiOTION DUE- TO OFFSET 

ET= 3DP(DT)/i."L) (THERFiAL) 

ET- 0.,000015 1~:HES 

EOBE=31ZP(DOBE)/H(L) (SEISMIC

EOBE= 0.0006950 INCHES 

ESSE. 3DP(DSSE)/N(L) (SEISMIC 

ESSE= 0.0010435 INCHES 

EV= 3DP(DV)/N(L) (VIBRATION) 

EV= 0.0005268 INCHES

CR683 
PAGE 135

OBEE

-SSE)

BELLOWS MERIDIONIAL MEMBRANE DEFLECTION 

S5- EB(TP)EXP2(ET)/2(W)EXP3(CF) 

S5= 295 PSI 

S5= EB(TP)EXP2(EOBE)/2(W)EXi;'3.CFr 

S5= '40 PRI 

SS5 EB(TP)EXP2(ESSE)/2(W)EXP3(CF) 

S5= 613 PSI 

SS= EB(TP)EXP2(EV)/2(W)EXP3(CF) 

S5 309 PSI

24.7 BELLOWS MERIDIONAL DEFLECTION STHESS 

S6- 5EB(TP)(ET)/3(W)EXP2(CD) 

S36 9898 PSI 

S66 5EL(TP)(EOBE)/3(W)EXP2(Ci) 

S6" 13718 PSI 

S364 EB(TP)(ES3../3 ()EXP2 (C) 

S6a 20597 FSI 

S6a 5EB(TP)(EV)/3(W) VXP2(Cli) 

S36 103Y8 PSI

STRESS 

(THERflAL)

(IE1SMIC-OBE) 

(SEISHIC-SSE)'

(VIBRATION)

(THERMAL) 

(;iiSHIIC-OBU)

(VIb<; TJON)

(.• ( 
* ',:* 

< ' i.f

24.6

4 

£ 

'C 

(

C

3C wv ;rZ«IC-ISE)
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'i (

SCTA.L CYCLIC; STRES$ CR603 
PAGE I 

ST = ( S3+S4)4(<5+S• .) . (THER;iAL -• P 

S'F i6B3t Fi'I 

ST .7($43+4). (S5+S6) ESEIMIC-aC )BC 

:T1 18773 PSI 

ST - .7(S3+X4)+(S5+S6) (SEISMIC-SSE)** 

ST' 258347 PSI 

ST - .7(33+S4)+(S5+S6) (VIBRATION) 

ST 1i5355 PSI 

* MODIFIED FJMA FATIGUE ANALYSIS BASED 0O CYCLIN3 PRESSURE.  

** EJMA FATIGUE ANALYSIS BASED ON CONSTAN1 PRESSURE.

24.9 CALCULATED LIFE 

NC= ('C)(TF)/(ST-B))EXr,.4 

NC= MORE THAN .0EXP 8 CYCL.ES 

REQUIRED LIFE= 1i0000 LO.YLES 

NCO= MORE THA' i..OEXP . CYýLES 

hEQUIRED LIFE- .i50; C'..S:.  

NC-C M140RE THAN i.OEXP 8 f CCLES 

t- 0I.Ill-E LI'EE- E0 i t.CL.  

NC MHORE THAN i.OEXP 8 CYCLES

36

(THERMAL)

(VImRATIUN)

·1.~~? ,:·

(..  

C:

( SLr PFIC · ·0~.r t
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S4. f ;RAl AN4ALYS 1S 

S1JI:E biA, D- .Ci2<0 I;14CHE.• 

:t;;;-iDlFR OF IIRES 'rER R i.i'iiDL.. i.= S 

.ij EuER OF BUNDLES, V= ;6 

"NGLF FROM HCiOSE AlXIS., X=43 I:.EGr;CES 

JEIGHT PER FOOT, BW= 0.162 LBS 

24. i0.i ND LOAD rUE TO PRESSURE 

rF .7854(DP)EXP2(P) 

F= 972.79 tLBS 

24.102. ?RAID AREA, TOTAL 

A= .7B54(D)EXP2(N)(B) 

( A= 0.033 SQ INCHES 

a4.0c,'3 '*RAID STFES* 
( 

Sr-- F/ACGSX 

(ST. 3894 PSI 

: .LOWA LE S1'6'ESSE ;1 1855 F,.

24.11 ;.FRIN~ RATES

L4.,. 1 ;'.XIAL SPRINO RAIE 

i,- i.?7(NP) (E ) (D') TF')EXI3/'iCF) (W)EXP3 

( KAf 178.27 LB/IN 

S.'2.:" (FFrSET SPRING RATE 

KUm i.S(DP)EXP2(KA)(Fi)/(L>)E'AP 

KOu- 1i76 1./IN 

~ t( .' -iERMAL DEFLECTION rClU:ES 

F ( 0.87 LT) 

F.. 0.87 LB 

ti.*<jiui MLLOi~f~ ** /K I r,;

CP683 
PAGE 1@
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.4 .:· L-~i

EFLECTIOi ItOMENTS 

i:- (F.(L)><F2)/2 

21.75 IN-Lr 

MAXIMUM HALLOWBLE F 

.ATUR.AL FREQUENCIES

I ,

CP683 
PAGE (1

1.4 TN--.

4 1i2.-

94 .2.2

iEIGHT OF HOSE 

i= ((0D-L)N+.57(. L))3,1416JX.T)(.3) 

;'1= 0.607 LBS 

i:E7HT OF FLUID 

-;2 .7851(DP)EXP2(L)(.000628) 

12= .704E-02 LBS

14. " 4.2 EI3HT OF BRAIb 

S,3= (BX)(L)/i2 

* I3= 0.254 LBS 

4( 4-42.4 0*TAL WEIGHT 

L- Wi+U2+W3 

t=" 0.87 LBS

14.12.5 .XIAL VIBRATION (PARALLEL T3 AXT3S 

iF 9.G1(KA/W)EXP.5(F3) (F:IR~1 fiOlE) 

F- 211.2 HZ 

f " 9.6(KA/W)EXP.:(F3) (SECG ii IiOBi 

F- 422.4 HZ 

-z29.2(KA/W)EXrP.'(F3) (THIRT MiE) 

I 633.4 HZ 

f 38.6(KA/U)EXP.(F3) (FOUklH MODE 

F 844.8 HZ

)

)

'

(I



.24. d

-'-.- .'.'~

LATERAL VJI:AT IOH 

26.1 H7 

71.7- H7 

F= 133 (rF/L) MA/W)EXF . KvI 

F- 140.2 HZ 

F= 221(DP/L)(KA/W')EXP'.5(KVL) 

Fu 233.0 HZ

CF tsa'.  
PAGE .139

(FOURIH >C2

x4 1413. 1. 1 

1

M 3.03)

FLOW INDUCED VIBRATION4 

FLOW VELOCITY 

SYSTEM FLOW 

Q" FR/ 0 I.tc/CUFT/60 SEC/M114 

0-0.000 CUFT/SEC 

FLOW i*' KEA 

A-. 0.0021 $(iFT 

r'LOW V.ELGCITY 

V=f 0.00 F7'/SEC 

M1ETAL HAS$ 

HMw .0000063 LD-(SEC)EXP2/( flUEXP4

I~~~ I4... LU~ID NiA~I 

4IF~m .161C-07 L3-(f'EC)EYP'"/(ZH)9XP4 

-0 iLu.0((r.Y 4)G2/P)EP

I ý

'9 

.1 

1<2 

( 

If 

I 

I

(r, M-T i"*.- C-)



~4. i . * ~.LGWY' SPR ENtU U~ 

PAR '1ý J i

X4. 1".2

( t413. 2 

34. i ~ 3. ; 

Z4. i"; .1.

-LJNTAL ZPR'HV R~ATE 

:E=. 51697.04 LV~IN

.:REQUlENCY RANGE (FLLX HO~SE) 

isiPHS LON~GITUDINAL 

RP2010~.8 HZ' 

Arr-FHA.SE LONGITU'DINAL.  

`k2.- J9860.75 HZ 

:IRZTT BENDING MOD~E 

4- 711 .`2!.5~ HZ 

O'irTLX SHEDINO VELOCITY 

~TC.': (LAtHDA).m 0. 125 WI;E.7 

F:'W F~IGU4 

V," 414Z. FT.--,EL 

k-, r~ F;I(TI * ,%

CP6iS3 
PAO",14



•r ,.r ;. :..... ... . * • , ... . .` *- " 

(•" VUP FR2(.IO6a. )/L'S 

SVU= 4111. FT/SE.C 

Vi.- 5S_ .Fl/sCL, 

i 4. 3, 4. r.R: FBi 
:<. *

4-,.; 

C P~O83

VU= F'bI(SIGM.)/SU 

VUw 8223. FT/SEC 

VL= FBI(SIGBA)/SL 

VL- 19113. FT/SEC 

r0 OVERLAP OCCURS BETWEEN THE BELLOWS HOSE FLOW AND THE 

VORTEX SHEDDING RANGE THEREFORE NO ADDITIONAL ANALYSIS

IS REQUIRED ON HOSE ASSEMBLY FOR INDUCED VIBRATION

FERESSURE DROP

14.. SS ' * .O( CTIO F;TOKl.)(DENSIY):V)LXV2/2K(i) 

I SS= .000E+00 PSTI/FT

r ': » ! 

:'I '* I( 

" 

* . ' *:f.|~ 
€^I 

;* * ( ^

J 14i C;

~:~
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F(4 l& ( d . / + A i t 10 )

- (. 4 6 A) ( 

= 3. 96 i.8
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( ,) F~( 0 roa.4 i•m ,Ei)s 

* (* W) (' t.4 slwa *)
= .36
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T. - I a % I JCEMETAL ZJ10CAM CORPOrmATION 
M71, KO1 STRutI 

01AISWGIS'M. CSLGORA 0131

P/M 77 7,t L

I '-T 
153

4 to
.*s. M
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