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 ABSTR/CT

Fnd reactions due to thermal expansion have been determined
by means of model tests, for the main stesm piping in the after machinery
room of an AV7 class vessel. The values ohtained zre compsred with
those calculated by the Philadelphia Navy Yargd,



y )m1mw—=-m“
= =

¥ =
J; 9..\-- lu‘ih.. o

Scale Model Test of Yish-Temperature

High-Pressure Steam Pipine - LV7 Class Vessel

INTRONUCT ION

A, futhorization.

1. This problem was authorized by the Rureaun of Ships letter
LV7/548-10(648-517-350).

B. Statement of Problen.

2. FEnd reactions of the steam piping of an AV7 Class Vessel
were required. The reactions were determined for the main steam niping
in the after machinery room and mparachute packing room (pipes a, b, c,
d, e, f, g, and h, see Plate IV). OCcld pull up was neglected.

C. Statement of Method.

3« The end reactions were determined by the use of scale models,
The method of sczle models for the determination of end reactions in
the case of three—dimensional piping systems having several branches
has been described in nrevious reports:—»<» ).

DESCRIPTION OF PIPING UNDFR CONSTDERATTON

A, General Motes and Assumptions

b The similerity of the main steam piping in the forward
machinery room and in the after machinerv room is such that only scale
model tests of the pinine in the after machinery room were made.
Stress calculations(4) indicate the piping in forward machinerv room
is more flexible.

5. A1l connections to mechinery and maneuvering valves are con-—
sidered to have no rotations. Translations due to the thermal expansion
of the machinery are taken into account. Pipe "d" is considered hinged
at the inflection noint as shown in Figure 1 of the fhiladelphia Navy
Yard calculations{%4), (See ™late III and IV)

6. The pipe coordinates X, y, and 2z are used consistently
throughout; x being positive in the starboard directiony ¥ positive in
forward direction, and z positive upward. WNomenclature of the pipes
and nipe—ends is the same as that used by the Philadelphia Navy Yard.
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B Pipes a and b.

Vs Pipes a and b are considerz2d risidly anchored at the after
maneuvering valve. [/t the turbines rotations are prohibited while the
translations due to turbine expansions are permitted. The comnection
tc the after maneuvering valve is used as the fixed reference noint feor
determining the end motions of each pipe.

C. Pipes ¢, d, &, £, g, and h.

8. TPipes ¢, d, e, f, g, and h are considered to be a single comnlex
piping svstem rigidly snchored at the cormection of pive "c" to the »fter
maneuvering valve, 't the connections tec the heilers and turbe-generators
there are no rctations, but trenslsations of the nipe ends occur due tec
tharmal exnansion of the machinerv, Pipne "d" is considered hinged at end
Og. The fixed reference peint for this svstem is taken at the connection
of pipe "e" to the after maneuvering valve, In setting up the scale
model for tests, a more convenient set-up was possible if pipe ends Oe
and O¢ had motions only in the horizontal plane, Since the vertical
motions of ends Op and O are the same, the above condition could be
obtained by subtracting the vertical motion of end Og and Of from the
vertical motion of each pipe end, thus maintaining the correct relative
motions.

CONSTRUCTION OF SCALE MODEL

A Selection of tubing for tubular model

. 9, TFor a scale model constructed of tubing the scale facter, s, or
ratio of axial dimensions of the model to those of the full scale pine, is
determined by (1

= B = {To¥ B
I—a '\\I’a_,-' tm
where L, = axial dimension of model
Ly = cerresnonding axial dimension of proteotvpe
r,_ = mean radius of full-scale pipe
r, = mean radius ¢f medel pipe

t, = wall thickness of full-scale pipe
t_ = wall thickness of model pipe

This condition should be satisfied for each pipe size which contains
a bend.



10. A second condition which must be satisfied when the piping
system is composed of several pipe sizes is that the ratio of the moment
of inertia of a pipe in a full-scale system to that of the corresponding
pipe in the model system should be maintained constant for all the pipe
sizes,

B. Models Constructed of Rod

11. In some cases, due to limitations in available sizes of tubing,
it is found that the model constructed according to the abcve conditions
is so rigid that the accuracy of measurements is uncertain. (It has been
observed that the accuracy of the model force measurements decreases as
the rigidity of the model is increased beyond certain limits,) In these
cases it is considered better to use rods rather than tubes. The advantage
of using rods is that then the scale factor, s, is indernendent of the
diameter of the rod, and therefore a model constructed of rod can be made
as flexible as desired. The dissdvantage is that the measured end
reactions are somewhat high, because of the lower flexihility of the rod
bends as compared to the corresponding full-scale bends. The error due to
this cause on the basis of calculations mede in previous work (see
Lppendix I, reference (1)}, is not believed to be more than sbout 15 nercent,

62 gecale Facters for Full-Scale Forces and Moments

12. For models constructed of ejther tubing cr rods, the full-scale
forces are obtained bv multiplving those measured cn the mcdel by the
factor K, where

k-5 Ia .3 Ala

Bn Inm JASE )

Here &§. = Young's modulus for full-scale viping at operstins temperature
(24.8 x 100 1b/in? for AV7)

E, = Young's Modulus for model (29.0 x 106 1bs/in?)
T. = Moment of inertia of full-scale pipe
E = Yoment of inertia of corresponding model pipe

s = scale factor, ratio of axial lengths of medel to full-scale
piping.

ALy = %nd displacement of full-scale pipe.

AL = Displacement of ceorresnondineg end cof model

The full-scale moments are obtained by multiplvineg the moments measured
on the medel bv the factor K/s.



Full-Scale Pipe DNimensions

table.

13. Dimensicns of the full-scale piping sre given in the fiellewing
Table I Cross-sectional dimensions and moments cof inertia of
full-size piping
Pipe Size 0.1 Wall Thick- 1.1 Homent cf Inertia
in, in. negs. din. in. in.%
2-1/2 2.875 120 2.635 .9877
5 5.563 .230 5.303 13724
5-1/2 6,125 253 5.619 20.156
6 6.625 w3 6.079 27,539

Constructicn of Medel Pines a and b

14.

Tubular medels cof pipes a and b constructed from available

tubing were of such size and stiffness that the measurements of end
reactions cn these models was nct considered reliesble; therefere, rod
models were used. Oross—sectional dimensicns fer the models are given
in tables TI and TTT.

Table II - Superheated branch frem after maneuvering valve to
astern turbine. Zross-sectional dimensions and
moment of inertia tc medel.

Full-Scale | vodel Dimensions . ___|

Pipe Size Q.D. “foment of Tnertia Scale factor

in. Jipe in. in.4 s
5 a .375 9.7 x 1074 ¥ 3
S -
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Table IIT - Superheated branch from after maneuvering valve to
high-pressure turbine. Crcss-secticnal dimensions
and moment of inertia of model,

Full-Scale Model Dimensions '
Pipe Size 0.n. Moment of Inertia | Scale factor
in. ™ipe ini, in, A s
6 b 375 | o.75 x 1074 174 |

P Construction of Pipes c, d, e, f, g, and h.

15, The model of pipes ¢, d, e, and f were constructed of tubes.
Rends of long radius were represented by bends of proper radius in the
model. In the case of the short radius bends, the tubing could not be
bent to a sufficiently short radius to satisfy the scale requirement.
Therefore, in these cases square corners (mitre bends) were used, these
being considered the nesarest approximaticn obtainable..

16. Pipes g and h were constructed of rod.

17 The junction at ends A,, etc. were considered rigid in comparison
to the attached piping. Thus, heavy solid stock was used in their
construction,

18. The hinged end, Og, was simulated by placing a self-aligning
ball bearing at the pipe—end and fixing this by means of rigid connections,
to the measuring head. (See Plate IIT)

19. Oross—sectional dimensions of the model are given in Table IV.

Table IV - Main steam piping in after machinery room and parachute
racking room, from boilers to after maneuvering valve
and turbo-generators. Cross-sectional dimensions and
moments of inertia of model.

[ Full Scale Model Dimensions
t Pipe Size 0.N.} Wall Yoment of Moment of Scale
in Pipes ! in. {Thiek~ |I.D.}Inertia Cal. Inertia Used Factor
ness in.i in. in% S
2-1f2 leh .256 ! .2005x103 | .192 x 1073 1/7.52 |

5.1/2 ld,e,t | .751| 0288 |.694[4.2762x003 |4.276 x 1073 1/7.52

6 c 7561 0.0362 |.6836F5.84x1073  }5.36 x 1073 1/7.52
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RESULTS

A. Tabulation of Data

r

20. End rsactions for all heads measured are summarized in Table V,
together withfthe corresponding values from the Philadelphia Navy Yard
calculations (4), The coordinates of all values are these of the Naval
Research Laboratory svstem.

. B. Discussion of Results

21. The end reactions measured at the Naval Research Laboratory
are in satisfactory agreement with those calculated by the Philadelphia
Mavy Yard for all pines excent pipe b. For this pipe the measured
values are considerably higher than those calculated. The error in
these moments due to use of a rod model has been referred to in vparagraph
11, and the experimental accuracy of the measurements is discussed below
in paragrarh 23,

22. Checks of the measured results have been obtained by transferring
the reactions to some common point for comparisons. Tables VI, VII, and
VIII provide checks of the Naval Research Laboratory results.

Ga Errors

23. The force measuring heads have been calibrated using a special
test set-up, to determine the magnitude of the error expected from
measurements taken of any one of the six reaction forces, The root mean
sguare value of this error varied between 1 and 2.5 percent for the four
measuring heads. / conservative value of 3 percent for any reaction
force was chosen to determine the probable errors in a set of forces and
moments. Using this value the estimated errors for reactions of nipe b
are given in Table VTJ. The estimeted errcor 1s larger thaen the discrepancy
betiwreen the vValues compared in the tables, for almost all cases. Tt should
be noted that large discrenancies between the measured a2nd the transferred
moments may occur, deswite the relatively small errors in the force and
moment measurements.

SUMMARY

24. Reaction forces and moments caused by thermal expsnsion have
been determined for the main steam piping in the after machinery room of an
AV7 class vessel. These have been determined by measurements on suitable
model systems. The values of reactions obtained are in reasconable agree—
ment with those calculated by the rhiladelphia Mavy Yard, with the excep-—
tion of the superheated branch from the after maneuvering valve to the
hich pressure turbine, for which the measured reactions were considerably
larger than the calculated values. A discussion of these discrepancies
is given in the text.
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Table VI ~ Check of results for pipe a. Forces are in pounds;
moments in inch-pounds.
End 04 End &,
Reaction |[Measured | Transferred Measured Transferred
from end Ay from end Oy4
Py + 1,188 + 1,332 - 1,332 - 1,188
b + 51 + 58 - 58 - 51
28 + 523 | + 567 - 567 = 523
Resultant 1,300 1,405 1,445 1,300
M, -12,830 | -11,900 +25,330 +25, 360
", +29,490 | 430,120 ~12,660 14,850 |
M, 423,250 +19,170 ~52,580 -53.130 i
Resultant 39,700 37, 600 59,750 60, 700
Table VII - GCheck of results for pipe b. Forces are in pounds;
moments are in inch-pounds.
End Oy, End Ay,
Reac— ! Probable| Trons. !Probable }Probable| Trans. |[Probable
tion "I Heasuredt Error [From end| Error | “easured{ GTrror |From end, Error
' by %
Fx + 1,954 132 |+ 1,900 106 - 1,200 106 - 1,954 i 132
Foy + 1,012 32 [+ 692 T4 - 692 74 - 1,019 32
Fp |+ 1,246 137 |+ 1,125 58 - 1,125 58 (- 1,246 1 137
{
Resul-
tant | 2,540 2,315 2,315 2,540
M -58,150 1,630 _55?3GO 4,230 +63,250 783 ! +52, 600 5,810
e |+76,800 | 2,640 | +80,500 | 6,070 ~14,600 | 2,134 |~12,6oo 7,570
M, +32,200 1,440 | +23,500 | 4,480 -77,500 | 1,900 {-75,600 | 5,580
Resul- j
tant {101,100 100,400 101,300 91,800
= 8 o e e iy o 2 o
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Table VIITI - Check of forces for pipes ¢, d, e, f, g, and h.
Forces are in pounds.

Direction
Sign of force % v Z
+ 695 563 427
2 923 | 558 5C0
J
LG
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9 |l ORI 0 L
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APPENDIX T

MODEL TEST DATA

A, Coordinates
x (3)
Ly Coordinate systems used are as follows :
(x,v,2) = pipe coordinates; x = starboard, y = forward, z = up.
(xr, Vs zr) = reference coordinates; arbitrarv fixed axes with
positive z always up.
(x', y', 2') = measuring head coordinates.
B. Pipe a
1. Point O,
fnd motions:
O = 4180
L3 = 390"

Dz.= 372" 7

Coordinates of pipe end:

) ‘ ;
x' = 03 y' = o3 2' = + 2.65", y ; 4

Scale constants: 3

K = 204.5 K/s = 978 4

Measuring head reactions; o \

Rt =& 11,92 4 '41 ‘xt (down)
Ty ‘

R

1]

* 1159

=
il
F

10330
R.'_? = — 6.55
~ 6.63

j=o]
It

=]
1

+ 3.37

| Appendix T
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25 Point A, |2
Bnd motions:
L{_\Xr = o A I
Dx,
Az,

Coordinates of pipe-end:

i

o]

0]

(8)

X! = or V! = (o il = % 2.65H #

Scale constants:

K= 244‘&-5 K/S = Q7% s }rr

Weasuring head reactions: y

R! = - 21.68 # X1

It
I

t
Ry 8,73

R'' =4+ 24

9]
[}

o+ 2059

it

+ 640
= 13064

j=e]
]

TR r—— s,

- 2 - Appendix‘l
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Pipe b
L ,:D .‘ t
T oin Ob

End motions:

Dx, = , 387 g
Ay, = .1125n A

Az, = 4745

Coordinates of pipe-end:

)
ol
x! = o3 }rl = 0} gl sess g 2.65" '{»\ /
Scale constants: R_/
A
K = 528,5 X/s = 2114 ik /
‘\ﬁ_‘ ‘u
Measuring head reactions: I};‘.{/
- B T S
R, =+ 5.86 4 = P Y
f v \\
By'! = - 11.32 - /‘ \\
/s ~y!
R,' = - .821 r )
Ry'y! = - B.52
Ry'z’ = + 6,81
R 1T = - 1,06

T A= Appendix I



2 Point Ab

End motions:

Xt = 6
Dy, = o
Ozl = o

Booriinates of pipe-end:

0= o; :}r! = 02 2! = + 2.65"
Scal: constants:
X =p28.5 Kfs=211

Measuring head reactions:

Re' £ + 630 #

Ry‘ = — 4.64
R,' B+ 3.60
Bhl =~
RE =& sl
Rt = =667

7 X

Appendix T



Pipes ©; d; e, £, g snd B
1. Point O,

End motions:

Ax. =0
By = ©
Az, = - .8565"

Coordinates of pipe—end:

XY & = LM ¥ s & 1,85

Scale constants:
K =13.7 K/s = 103

Measurineg head reactions:

it

R.Y =+ 5455 4

Rv' = s 11905
Rt == 50.46
Rxlyi

g = 82,91

+ 8,80

il

[}

R,'y' = + 440

Sy
FEEC i A . I.-'_

Z
4
Z
A = £ b
v + 2,625" ¥t
7
v
o
//////
Y 5
e yr
A e
i
Hp

& = Appendix I
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2. Point 04
Fnd motions:
Ax,

é\’r. ¥ o FuRTLH

~ 0.4586"

it

Az, = - .B565"
Coordinates of pipe-end:
¥4

X' = 2.055"; y' = .542"; 2! =+ 2,62  _y(up)

Scale constants:

Al
K= 13.7 %fs =103 /

Measuring head reactions: /1 W |
T i 'yr
= L&:f:f; pamp
Ry = + 0.72 ¥ y 7
7
Rt = e 1R 7
Rt =+ 1.00
z /
X
RXTV' Bl e :SOOS
By'a' = + 5.86
B ¥ = e

- 6 - Anpendix T
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I = O 5 e | el

3. Point Oe
End motions:
flxr = 90‘363"

Ky

bz = .0

— JABLLM

Goordinates of pipe—end:
x! =03 ¥y! =0; B! =+ 2,65"

Scale constants:

7t 7

K= 13.7 K/s = 103 +

/
Measuring head reactions: x!
BF =+ 16858 #

' l

Rzl = + 22,735 4
RX‘Y' == Ji0
'E?y'lzl —— P 2.0r?
Rt = 4+ 37.2

Appendix I
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Point &r

End motions:

&}Lr = e .4768”
Ayr = + 939"
Az_ = .0

34

Coordinates of pipe-end:
=05 BF =4 2.65"
Scale constants:
K/s =
Measuring head reactions:

+ 6,73 #

K= 13.7 103

o)
=
]

36.3
7e5

+ 24.0

3
i

+ 25.5

+ 27.27

s}
I

o Tt AN

sl gl L2
W RN

a
il

.w
2

z'zr
x;\\ ///
X A
N
B e il
K.

Appendix T
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Point Og

Bnd motions:

Lx

2

It}

it

AT
Az,

1]

L 1 £ 67(}“
+ +TILL

—~ « 5271

Ooordinates of pipe—end:

t = N
X 03

:_;rl = O; zl =

Scale constants:

k= 3.7

Measuring head reactions:

K/s = 103

R = +11.93 #
R,' = + 40.1
Bt = by
B¢ = % 35
R.t,' = - 23.8
R\ =+ 9.97

el

Lo s a0

2. 65%,

o M i Lz

PO T 1t
ednad bl ddmi

Appendix T
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6, Point Oy

End motions:

i

AKX = = 1807

~ .3168

]

Y
Az

1]

- .5271

Coordinates of pipe-ends:

iy R AT

1 B o ook
o s N iV T W S

x' = gy yll=gp aF = 2,650

Scale constants:

k=137 |%fs= 103

Measuring head reactions:

e i BAF

pas |
ii

+ 6,15

o)
]

=3 /;.Z;B

id

—

Appendix I
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