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.0 INTRODUCTION 

This report, CR 699 was prepared by Metal Bellows Corporation, 
Chatsworth, California, for Tennessee Valley Authority, Chattaoga, 
Tennessee, in accordance with TVA Cppacification No. 80K AZ.826892.  

This report provides the stress analysis for the hoses used for the 
Nuclear project at Watts Bar Nuclear Plants, Units 1 and 2.  

The .snalysis is in accordance with the rules of ASME Boiler and 
Pressure Vessel Code Section I, Class 2 compoaents.  

The hose is analysed to verify the hose meets all requirements.  
The bellows analysis uses the Standard EJMA Prfvmnsace Xoatooes 

and ignores the hoop support provided by the braid. The anaeysis of 
the braid is to show the stresses imposed by the pressure end lead 
are within Code allowables. The braid inward force vector far meooeds 
the squirm force created by the hose, and bellows squirm calculatione 
are ignored.  

The hose consists of a basic "L" shaped sub-assembly with difftrent 
length flex sections in each leg. To this basic sub-assembly, various 
configurations of pipe and elbow are attahoed to meet customer required 
end requirements.  

A simplifying, conservative assumption is made that each hose flea 
section absorbs motion in offset only and motion cut pl of the plan of the 
hose is shared by both hoses in proportion to the length of the particular 
hose. The offset mode and the shared moae are vetorally added and used 
for computation.

ili~i _ _ I _
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S 3.: . REFERENCES 

S 3.0.1 IVA SPELt. 30K A2-826992 

HORIZ. HOSE 47U 450-100?(PEN, NO.X-90"r) ..  

3.0.2 METAL BELLOWS CORP DRAZMING 77750- * • ,*J .,., 

3.0.3 STANUARDS OF THE EXPANSION JOINT MANUFACTURERS - I 

ASSOCIATION (EJHA) FOURTH EDITION 

3.0.4 ASSESSMENT OF FLEXIDLE LINE FOR FLOW INDUCED 

VIDkATION - GEORG. C. MARSHAL SPACE FLIGHT CENTER . (.  

REPORT NUMBEP 20M02540. -. .. .; 

S .*u. -- 4 

.. . e. C. 
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.. ..... .,
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OPERATING PRESSURE 

DESIGN PRESSURE 

OPERATING TEMPERATI 

DESIGN TEMPERATUFRE 

ROuM TEMPERAIURE PF 

IURST PRESSURE 

FLOW RATE, NITROGE 

LIIE SIZE 

-MOTIONS 

THERMAL OFFS 

CYCLE L 

VIBRATION (OF 

ALLUWABLE LOADS 

FORCE 

MOMENT

120 PSIG 

120 PSIG 

URE -100 F 

150 F 

ROOF PRESSURE 180 PSIG 

.- ..- 480 4 PSIG-

N 0 LB/SEC 

1.5 INCHES 

'1, DT 0.228 INCHES 

TFE 10000 CYCLES 

FSET liV .- 0.249 INCHES 

N/A LBS 

N/A IN-LBS 

• . •** * °, . . mo ,

L

ýT -15 HZ

.-.-.. .. nI~ic 
T1h(
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3i2 i, .I . CP699 
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: .2.. * (,; I; TUBE,OD 1.500 1:.WHES 

I 'l'"IDE DIA, OD 1.880 INCHES 

i: 1iE DIA DA 1.480 INCHES ..  

tjf.l 1'IA, pP i.680 INCHES 

Ilt .*ESS, T 0.020 INCHES 

fI C,, W 0.200-INCHES- -: -i 

S: oi 
1 <ie., 0 0.150 INCHES 

I3 lli'H L 1i.875 INCHES ' 

N1i lIF CONVOLUTIONS,- N .--. 79 .--.-- - -. -; 

9 * . . * KC-'. I '" .  

' 3.3 r'1 *1 ORMANCE CONSTANTS 

TP= T(D)EXP.5/(DP)EXP.5 (MATERIAL THINNING) 

STP= 0.019 INCHES ,( 

' ( Q.12W= 0.38 .Al 

Q/2.2(DP(FTP))EXP.5" 0.38 

3.3.- 11ili FIGURE 38, EJMA STANDARDS 

*CP= 0.73 , 

S 3.3. Ii,,ti FIGURE 39, EJMA STANDARDS 

CF 1 .48 .. .. -. .  

3.3. I l;il FIGURE 40, EJMA STANDARDS ......... .  

CD it.55 

0 l I'.  

*'*:



.3.4 PERFORMANCE EQUATIONS . CP699 
PAGE 

3.4.1 BELLOWS IANGENT CIRCUMFERENTIAL PRESSURE STRESS 

Si= (P)(D)(EB)/2((TC)(EC)+(N)(T)(EB)) 

Si= 522 PSI 

A.I OUAbL.E STRE.S 18550 PSI 

3.4.2 BELLOWS CIRCUiFEIZENTIAL MEMBRANE PRESSURE STRESS 

S2= (P)(DP)/2N(TP)(.57i+2W/Q) 

-S2". - 1661 PSI - ....- ...  

AtIOWABLE STRESS = 18550 PSI 

3.4.3 BELLOWS MERIDIONAL PRESSURE STRESS 

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

S3" 639 PSI ...  

3.4.4 BE.LOWS MERIDIONAL PRESSURE BENDING STRESS 

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

S4= 4977 PSI

·.

.,..  

...  

......,

B H ' 

(.  

.:, (...~ 

· '( 

,..  

(I

.. ,......
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EQUIVALENT AXIAL MOTION DUE TO OFFSET 

ET- 3rP(DT)/N(L) (THERMAL) -

ET= 0.0012249 INCHES 

EOBE=3DP(DOBE)/N(L) (SEISMIC-O0 

EOBE= 0.0016923 INCHES 

ESSL= 3DP(DSSE)/N(L) (SEISMIC-.  

ESSE= 0.0023907 INCHES 

EV= 3DP(DV)/N(1.) (VIBRATION) 

EVY 0.0013377 INCHES

BE)

SSE)

J.6 BELLOWS MERIDIONAL MEMBRANE DEFLECTION 

SS= EB(TFP)LXP2(ET)/2(W)EXP3(CF) 

.S5= 548 PSI 

SSw EB(TP)EXP2(EOBE)/2(W)EXP3(CF).  

SS= 757 PSI 

SS5 EB(TP)EXP^'(ESSE)/2(M)EXP3(CF) 

5 1070 PSI 

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

S5= 599 'SI

STRESS 

(THERMAL)

(SEISMIC-OBE). --- -

(VIBRATION)

* ~r~ 0-**-- '*W*-" -. · *0· S

BELLOWS MERIDTONAL DEFLECTION STRESS 

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

S6. 185Y2 PSI 

i6, 5EB(TP)(kOBE)/3(M)EXP2(CD) 

S36 25687 PSI 

S6& 5ER(TP)(ESSE)/3(U)EXP2(CD) 

S6A 36R(8 PSI 

$6w 5F. bTP(EV)/3 W(EXP2 (CD) 

$6S 203V4 PK1

(THERMAL) 

(SEISMIC-OBE) (flISHIC-08E)

(SEISHIC-SSE) 

(VIBRATION)

CR6A 
PAGE 9

.1 

0.2 
S,)

).7

· · ·

(SEISMIC-JSE)
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3 .8· TOTAL CYCLIC STRESS CR6( 
PAGE i/ 

ST - (S3+S4)+(S5+6) .(THERMAL)**- -. - -

STf 24757 PSI 

ST ? .7(S3+S4)+(S5+S6) (SEISMIC-OBE)** 

ST= 30376 f'rI .... ...-- 

ST .7(S3+S.1)+(S5+S6) (SEISMIC-SSE)** 

ST& 41290 PSI 

ST = .7(S3+S4)+(35+S6) (VIBRATION) 

STt 24835 PSI 

* MODIFIED EJMA FATIGUE ANALYSIS BASED ON CYCLING PRESSURE.  

t EJMA FATIGUE ANALYSIS BASED ON CONSTANT PRESSURE. .. .

3 .9 - CALCULATED LIFE 

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

NC" MORE THAN IOEXP 8 CYCLES (THERMAL) 

REQUIRED LIFE= 10000 CYCLES 

NC, MORE THAN I.OEXP 8 CYCLES (SEISMIC-OBE) 

REQUIRED LIFE* 500 CYCLES ..  

NC, MORE THAN I.OEXP 8 CYCLES (SEISMIC-SSE) 

REQUIRED LIFE* 500 CYCLES 

NCw MORE THAN 1.OEXP 8 CYCLES (VIBRATION)

* - . .~n n -S - t =.

) 

04

__, ·- ··. -·-

QO

~r · r· -··r····rr * **
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.10 BRAIDD ANALYSIS" CP699 
PA8E 11 

WIRE DIA, D= .0180 INCHES 

NUMBER OF WIRES PER BUNDLE, N= 13 

NUMBER OF BUNDLES, 8B 48 

ANCLE FROM HUSE AXIS, X=34 DEGREES 

WFIGHT PER FOOT, FW= 0.677 LBS 

3.10t.1 r1) LOAD D.U TO PRESSURE: 

Fa .7854(DP)EXP2(P)- --

F= 266.01 L.BS 

i.  •.10.2 BRAID AREA, TOTAL 

A" ;854(D)EXP2(N)41) - ....  

An 0.159 SQ INCHES 

1.10.3 BRAID STRESS 

ST= :/:ACOSX..  

ST= 2020 PSI 

ALLOWAULLE 'IRESS - 18550 PSI 

3.11 SPRIN& RATES 

3.11.1 AXIAL SPRING RATE ', 

KA= 1-.7.HP)(EB)(DP)(TP)EXP3/N(CF)IttrEXP3-- "' - ---

KA, 607.92 LB/IN 

3.11.2 OFFSET SPRIN RATE ( 

KOm 1.5(DP)EXP2(KA)(Fl)/(L)EXP2 f, 

KOO !4.75 LB/IN .  

3.11.3 THERMAL DEFLCCTION FORCES 

Fs (KO)(DT) * 

Fm 12.48 L .. I 

MAXIMUM ALLOWARLE v N/A LBS 

S ^-

(

i .

b

.4



:3.11.4 DEFLECTION MOMENTS CP699 
SItAE 12 

SM (F)(L)(F2)/2 

( NM= 222.37 IN-LB 

MAXIMUM ALLOWABLE * - N/A IN-LB 

3.12 NATURAL FREQUENCIES 

3.12.1 WEIGHT OF HOSE 

SWti ((OD-D)N+.57(L))3.1416D(T)(.3) 
I I 

....... . WI -- 1.070-LB - * - - --

( 
|" 'S 

3.12.2 WEIGHT OF FLUID - ...--- . .. ...-----.....  

W2- .7A851(DP)EXP2?L)(.000444) : 

S2= .70SE-02 LbS : 

3.12.3 WEIGHT OF BRAID 

W3v (BI)(L)/12 -

(W3= 0.670 LBS 

S .i12.4 TOTAL WEIGHT 

W UI+W2+WU3 

W...-- i 75-LBS . ....  

3.12.5- AXIAL VIBRATION (PARALLEL TO AXIS)- .-- ---- ..  

SF 9.8tlKA/W)EXP.5(F3) (FIRST HODE).  

SF' 366.0 H2 

F. 1i9.6(KA/WU)E XI. F3) - SECOND MODE).* .  

( r" 732.0 HZ 

rF 29.2<KA/W)EXPr.5(F3) (THIRD MODE) 

F- 1097.9 HZ - * .

(" 
SF' 38.6(KA/W)EXP.5(F3) (FOURTH MODE) 

If 1463.9 HZ 

( 'o ,



· :i 

"'. ~2. 6

Fw 68.2(DP/L)(KA/W)EXP.5(KVL) .''SECOND-MODE) 

F= 360.0 HZ 

F, 133(DP/L)(KA/UEXP.•(KVL) (THIRD MODE) 

Fr 702.0 HZ 

r- 22(DP/1.)(KA/W)EXP.5(KVL) (FOURTH MODE) 

F' 1166.4 HZ 

3.13 FLOW IiDUCED VIbRATION 

..13.1 -FLOW -VELOCITY- - * 

3.13.1.1 SYSTEM FLOW 

U- FR/ 0 LB/CUFT/60 SEC/MIN 

I.- 0.000 CIIFT'/SEC - -

3.13.1.2 FLOW-AREA .- -...

LftAERAL VIiRATIOfN 

F' 24.8(DP/L)(KA/W)EXP.5(KVL) (FIRS- MODE) 

F= 130.9 HZ

I':.  

*l~tiI 
i,., 

.·-. *- - -* 

.1' 

"IC 

': ( 
* - 5 - - . . .. 5-. '3

A= .7854(D)EXFP2 .  

A= 0.0119 SOFT ;, (.  

3 FLOW VELOCITY- * -. -..*-. ."-*! 

V= Q/A ;___ 

V- 0.00 rF/SEC 

METAL MASS ...........- --. C- - . --.--

1 MM- .3DP(T)3.1416(3 .1416A+H-2A).;O(258).' . .---..... . .  

MMw .0000199 LD-(SEC)EXP2/(IN)IXP4 
N , , J . . 5 o .. .... -, e •. .l .. * .... i n* ... * ** 

2 FLUID MASS 

MF1s.0on044DP(tH)(3.1416)<.00258)/2((2A-T(NF)) 

MF" '.335E-07 LA-(SEC)EXP2/(IN)EXP4 --- 

MF2m.000444DP(H)EXP3(3.1416)/3DEL .  

MF2* .294E-06 L- (SEC)EXP2/(IN)EXP4 -

__(

3.13.1.; 

5. 13.2 

.313.2.  

3.13.2.

0 

C

CP699 
PAGE 13 

-. « --.



r ~ýi o wLOs! SPRING RATE'-C691 

FR'OA PARA- 3.Lii 

KAM. 607. 92 WaIN 

:.13. 20.4 ELEMENTAI, SPRING RATE. * 

KE"- 2NC(KA) 

KF- 96051.25 L).'/IN 

3.13.3 FRE~QUENCY RAN~GE-(FLEX HOJSE) 

3,J3.3.i 1,1-PHASF LONGITUDIt4AL 

FRi.- (2KE/(MM4I1IFij))EXP.5/2(3.1416) -"-* - ~ - * .  

FRi= 1,5613.3 HZ.- - A 

3.13.33.2 OUT-PHASE LONGITUDINAL ( 
FR2w (2KE/'MM+MF2))EXP.5/2(3.I416)- . - .  

FR2w 1052.6 HZ ~ 

3.13.3.3 FIRST-B~ENDING MODE 

F01w (8KE/MM=MF2) )EXP.5/2(3.i4i6)..  

rpin 31025.2 HZ 

3.13.4, VORTEX SHEDDING VELOCITY ,' 

3.13.4.1 PITCH (LAKIDA)u 0.150 INCHES . .. --.  

t CONVOLUTION WIDTH (SIGhA: ' 0.095 INCHES 

( LAMDA/SIOlIAn 1.580 

FROM FIGURC I 

UPPER STROUHAL NUMBER, SUm .38279 -

LOiWER SIROUHAL NUMBER, SLu .16420 *g 

3.13,4.2 rOR FRI j 

V1Is. 3891. FT/SEC~ 

*~ F** * 0A W 

UL. ?048,, A)/l~i



VU; 3856. FT/KEC 

VL FR2(SI1MA)/SL ..  

VLn 8990.FT/SEC 

S 3.13.4.4 FOR FBI 

VU,* FBitSIGMA)/SU - -.  

SVU- 7713. FT/SEC __ 

SVL'-FB (SIGMA)/SL , 

SVL,-l7980. F-T/SECD--- * --- -- 

( 1MU OVERLAP OCCUR& BETWEEN THE BELLOWS HOSE FLOW AND THE 

SVORTEX SHEDDING RANGE THEREFORE NO ADDITIONAL ANALYSIS ( 

IS REQUIRED ON HOSE ASSEMBLY FOR -INDUCED VIBRATION-" . - .  

3.14 PRESSURE DROP 

3.14.1 LOSSm (FRICTION rACTOR)(L)(DENSITY)(V)EXP2/2D(G) 

LOSS .00OE+00 PSI/FT . ( 

.'1 

S .. - a 5 0,*_illl _ ._-ea l 

( 

.- , , '
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'1 ) I J)~GNINTJFCP9 

OPERATING :PRESSURE :0 izo ~W5 

DESI ON PRESSURE *20 P$10 

OPEKATIN0 TEMPERATURE -O 

DEINTEMPERATURE 150 F 

ROOMi TEMPERATURE- PROOF PRESSURE IS0 P310 

liURST PRESSURE ,.....-40P1 - *~ * 

FLOW RATE, N41tROGEN - -0 LB/SEC.  

LINE SIZE 1.5 -INCHES.  

1101 IONS.. * e . a .a~s n a 

THCRNAL OFFSE.T, DT 0.343 INCHES 

CYCLE LIFE 10000 CYCLES ( 
*.VIBRATION-OFFSET DV- ----- 0r572-f4OHE-3-A 1 *5-H--

ALLOWABLE LOADS ( 

FORCE N/A LBS(

MOMENT

14.  

/1



.2 H 

4' 
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S 
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4.3 

4.3.  

4.3.3

OS'r.DATA CP699 
PAGE 18

ASIC TUMEOD -14500 INCHES* . . - .  

UTX1$,DE DIA, OD 1.990 INCHES( 

14SIDE VIA. -D .1.490 INCHES 

EAN DIA, DP L.680 INCHES( 

HICKNESS, T -0.020 INCHES 

'PAN, W 0.200-ItCNES **"-* 

ITCH, Q 0.150 INCHES .  

lei ENOTH, L 17.875 INCHES 

10 OF CONVOLUTIONS, N .. 119 --

PERFORMAtICL CON"TtANTS 

TPr- 1(D)EXP..5/(DP)EXP.5 (MATERIAL THINNINiG) 

TPm 0.019 INCHES 

Q/2U 0.9 -0.. 38 

Q/2.2(DP(TP))EXP.5& 0.39J 

FROM FIGURE 39, EJMA STANDARDS 

~-0.73( 

FROM FIGURE 39, EJMA STANDARDS.  

CFm 1. 47........ 
lot.- ~ -*w. 1 

FROM FIGURE 40, EJMA STANDARDS 

CDs 1.55

- .- - nfl. .~.. -. se.. -

-9 

(
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.4.4 PERPORMANCE -:E*UATIONS CP699 
PAGE 19 

S 4.4.1 BEILOWS TANGENT CIRCUMFERENTIAL PRESSURE STRESS - -a.. .o. - . - o-. -.-_--- -- _ .- _

Stl (P)cD) EB)/2((TC)(EC)+(N)(T)CEB)) -" 

.Si 522 PS1 * * ' -.  

ALLOWABLE STRESS = 18550 PSI . i 
.. . . . .......-.. ^.. . -- - ..- ....·-- . . .^--

S 4.4.2 BELLOWS CIRCUMFERENTIAL MEMBRANE PRESSURE STRESS 

S2" (P)(DP)/2N(TP)(.571*+2U/Q) 

-. ... ... - S2*--A1660 •P.? I - -..--

a ALLOWABLE STRESS 18550 PSI 

4.4.3 BELLOWS MERIDIONAL PRESSURE STRESS 

S3w (P)(W)/2N(TP) , " 

4.-. 3. - --639-PSI -- --. 

4.4.4- EELLOWS--HERIDIONAL .PRES"URE- BENDNO--SRE..------- -- ! 

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

S 4 .P - a . " "'S - - .-- 
T't 

J.  

I - .. . .. ... .. -_ *.......-_... .. " ....  

t 

, .,.. . .,- . , ., . . i »'i 
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LQUIVALENT AXIAL MOTION DUE TO OFFSET 

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

CTm 0.0008127 INCHES 

EO=»3DP(DOBE)/N(L) (SEISMIC-I 

EOiEm 0.0014548 INCIELS 

FSE= 3DP(DSSE)/N(L) (SEISHMC 

ESSE= 0.00244C05 NCHES 

EV- 3DP(DV)/N(L) -(VIRATION) 

EV= 0.0008814 INCHES

ODE) 

-SSE)

4 .6 BLLLOUS MERIDIONAL MEMBRANE DEFLECTION STRESS -

$51 EB(TP)EXP2(ET)/2(W)EXP3(CF) (THERMAL) 

SS5 364 PSI 

S5= EB(TP)EXP2(EOBE)/2(M)EXP3(CF) (SEISMIC-OBE) 

S5w 651 PSI 

SS, EB(TP)EXP2(ESSE)/2(U)EXP3(CF) (SEISMIC-SSE) 

SS 1093 PSI ..... -- ... 

SS5 EB(TP)EXP2(EV)/2(W)EXP3(CF) (VIBRATION) 

S5& 394 PSI

... .....

4:7 BEL.LOWS MERIDIONAL DEFLECTION STRESS 

$6' 5EB(TP)(ET)/3(U)EXP2(<CD) (THERMAL) 

S6" 12338 PSI - . ....  

S6, SEB(TP)(EOBE)/3(W)EXP2(CD) (SEISMIC-ORE) 

S6n 22086 PEI 

S6? 5EB(TP)(ESSE)/M(W)EXP2(CD) (SEISMIC-SSE) 

S 37050 P'I 

S6" 5EB(TP)(LV)/3(W)EXP2(CD) (VIBRATION) 

S6" 13381 PSI

CR6E 
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.^q *. ". - • .' . . :.- . , .. .. • . *.  

7.: 8 T IAL CYCLIC STRESS 

S T * (S3t44)+(S5+S6) 

ST* 18319 PSI 

ST .. 17(S3+S4)+(S5+S6) 

SST 26670 PSI 

( ST = .7(S3+S4)+(S5+S61 

ST* 42076 PSI

.CR 

-.(THERMAL)* -. . " . . .

(SEISMIC-OBE) * 

(SEISMIC-SSE)**

ST a .7(53+S4)+(S5+S6) (VIBRATION) 

ST= 17708 PSI 

* MODIFIED EJMA FATIGUF ANALYSIS BASED ON CYCLING PRESSURE.  

*w EJMR FATIOUE ANALYSIS BASED ON CONSTANT PRESSURE. - -- -

4..9 CALCULATED LIFE 

NC" c(C)(TF)/(ST-D))EXP3.4 

NC" MORE THAN I.OEXP 8 CYCLES .(THERMAL) 

REQUIRED LIFE* 10000 CYCLES 

NCP MORE THAN i.OEXP 8 CYCLES (SEISMIC-OBE) 

REQUIRED LIFEw 500 CYCLES.  

NCs MORE THAN i.OEXP 8 CYCLES (SEISMIC-SSE) 

REQUIRED LIFE= 500 CYCLES 

NC" MORE THAN I.OEXP 8 CYCLES - (VIBRATION) 
4
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4.10 BRAID., ANALYSIS .  

SIRE DIA, De .0180 INCHES 

NUMBER OF WIRES PER bUNDLE. NM 13 

NUMBER OF &UNDLES, Be 48 

SANGLE FROM HOSE AXIS, X-34 DEGEES 

SUEIOHT PER FOt, DWM (.677 LBS 

4.10.1 LEiA LOAD DUE TO PRESSURE 

F- .7854(DP)EXP2(P) 

Fa 266.01 LVS 

4.10.2 BRAID AREA, TOTAL 

A" *-7854(D)EXP2(N)>B) 

SA 0.159 SQ INCHES 

4.10.3 BRAID STRESS 

ST& F/ACOSX 

ST= 2020 PSI 

ALLOWABLE STRESS a 18550 PSI 

4.11 SPRING RATES 

4.11.1 AXIAL SPRING RATE 

KAw 1.7(NP)(Eb)(DP)(TP>EXP3/N(CF)WM)XP3 

KA. 403.68 LB/tr 

4.11.2 OFFSET SPRING RATE 

KO i1.5VDP)EXP2(KA)(FL)/(L)VP2 

KO= 16.05 LB/IN 

4.11.3 THERMAL DEFLECTION FORCES 

FP (KO)(DT) 

Fa 5.50 1B 

MAXIMUM ALLOWABLE - N/A LBS

CP699 
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4,12 

S4.12.1 

4.12.2 

4.12.3 

( 

4.12.4 

( 

I 

E

DEFLECTION MOMEN3.' * CP69 
.PAGE 23 o ( 

M- (F)(L)(r2)/2 

HJi 147.57 IN-L 

MAXIMUM ALLOWABLE - N/A IN-LB - . ; 

NATURAL FREQUENCIES 

'I 

WEIGHT OF HOSE 

Wi ((OD-D)N4+.5.iLL))3.1416D(T)(.3) a 

..Wi- -- 16l2- LBS- - - --

- WEIGHT-OF FLUID .-- ......---- ---....  

W20 .7851l(P)EXP2(L)(.000444) i l( 

u2= .106E-01 LBS ( 

.. - .. . . ",?

WEIGHT OF PRAID 

U3 "(BuW)(L)/12 --- .- --------- - *----*.--

U3" 1.008 IBS a' 
*i.  

TOTAl WEIGHT 

W= M1+W2+M3 *:.* ( 

WM. - -. 63S --L- --- ---

-AIAL-VI RAT ION -(PARALLef-TO1-AXIt )--

F- 9.81(KA/M)EXP.5(F3) (FIRST MODE) 

F" 243.0 HZ i 

Fr 19.6(KA/W)EXP.5(F3) - (SECONDI-ODEt- ---

rp 486.1 HZ 

Fr 29.2(KA/W)EXP.5(F3) (THIRD HODE) 

" F" 729.1 HZ 

r, 38.6(KA/U)EXP.5<F3) (FOURTH HODE) 

F 972.2 HZ 

- .* * - - (*



4.'12.6 LATERAL VIBRATIOH

F, 24.6(DP/L)(KA/W)EXP.5(KVL)

F, 57.7 HZ 

Fa 68.2(DP/L)<KA/W)EXP.5(KVL) 

F= 158.8 H2 

Fa 133(DP/L)(KA/W)EXP.5(KVL) 

F. 309.7 HZ 

r' 22i(DP/L)(KA/W)LXP.5(KVL) 

F& 514.6 HZ 

FLOW INDUCED VIiRATION 

,1 FLOW VELOCITY *

.1.1 SYSTEM FLOW 

gQ FR/ 0 LB/CUFT/60 SEC/MIN 

Q0 0.000 CUFT/SEC 

.1.2 FLOW AREA 

Ar .7854(D)EXP2 

A= 0.0119 SOFT 

.1.3 FLOW VELOL'TY

.4.13.2 

4.13.2.1 

4.13.2.2

Vr Q/A 

V- 0.00 FT/SEC 

METAL HASS 

MMH .3D)'(T)3.1416(3.1416A+H-2A)(.6O258) 

MM .0000199 LB- tsEC)EXP24(IN)EXP4 

FLUID MASS 

MFr .000444DP(H) (.141A, (.00258)/2( 2A-T(NF)) 

MFri .335E-07 Lh- (SeCUP?/(lN)EXP4 

MF2~.OtO444PB(H>F>P3(3.1416)/3DEL 

MF2m .294E-06 LD-(SEC)EXP2/(IN)EXP4

CP499 
PAGE 24
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(SECOND MODE) 

(THIRD MODE) 

(FOURTH MODE) 
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4.13.'.3 BELLOWS SPRING RATE CP69? 
.PAM 25 

FROM PARA 4.11.1 

KAR" 403.69 LB/IN 

4.13.2.4 ELEMENTAL SPRING RATE ..... ... ..... ---...  

KE& 2NC(KA) 

KE 96076.25 LI/TN i! 

4.13.3 FREGUENCY RANGE (FLEX HOSE) ' 

4.13.3.1 IN-PHASE LONGITUDINAL 

FRI .(2KE/(MM+MFI) )EXP.5/2(3.1416)-- --------- ------ :; 

FRi- 15616.3 HZ 

S4.13.3.2 OUT-PHASE LONGITUDINAL 

*FR2 (2KE/(M*+MF2))EXP.5/2(3.14t64------ --- --

FR2= 15515.5 HZ 

4.13.3.3 FIRST BENDING NODE 

- Fl"i (8KE/HMMMF2))EXP.5/2(3.14t16)--- -- - -----

FI•1 31031.0 HZ 

4.13.4 VORTEX SHEDDING VELOCITY 
9..; 

4.13.4.1 PITCH (LANDA)> 0.150 INCHES - -.. -- .- ..- --- .- .  

CONVOLUTION WIDTH (SIGMA) 0.095 INCHES 

LANDA/SlO$MA 1.579 

- FROM FIGURE I .- - --.  

UPPER STROUNAL NUMBER, SUN *3 5 __ 

SLOWER STROUHAL NUMBER, SL. .16422 

4.13.4.2 FOR FRI ( 

VUu FRit(SIOA)/U * -- - ---

VU" 3879. FT/•SC 

VL" FRI(SItMA)/SI.  

VL. 9044. T/tiL ------.. .  
!pp 

a
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4. 1 ,. 1.3 

4.13.4.4

4.14 

4 4.14.1 

I 

'I 

| z i; t(I u 
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M u·r?~

FOR Fr;2 CP699 
PAGE 26 

VU*- FR2(S1GHA)/SU 

VUu 3854. FT/SEC ( 

VL* FR2(SGOMA)/SL 

VL= 8986.FI/SEC 

row rii ( 

Ull= FIll(S1GHA)/SU .. ..-. -- .  

VU= 7708. FT/SEC 

VL= FrL(SIGtA)/SL .  

VUL 17971. FT/SEC - - .. --

NO OVERLAP OCCURS BETWEEN THE BELLOL'" - •LOW AND THE 

VORTEX SHEDDING RANGE THEREFORE NO ADDITIONAL ANALYS ( 

IS REQUIRED ON HOSE ASSEMBLY FOR INDUCED VIBRATION -.  

I'I:ESSURE DROP 

LtJSS= (FRICTION AICTf1R)L) (DENSITY)(V)EXP2/2(DG) 

LOSS= .OOOCEOO PSI/FT 

i ' 
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