Flrst step in making pipe model is 1o drow on isomotric
aketch of piping, 03 duthor doas hare, to fix model size

‘Use of scale models to predetermine
stress conditions in high-temperature
piping assures economic design, good
performance of modern power plants

By JOKN F O'ROURKE, Mechanical Engincer, The M W Keltogg Co

» RecENT TRENDS toward higher pressures and temperatures
.in power-plant installations have increased the importance of
adequalte engineering for thermal expansion. Proper design
and layout.of piping is ewentinl for envisfactory service pes-
formance, Inadequate analysis in this respect has resulted in
the shutdown of entire plants due 10 fatigue failure of piping
or distortion of connectod equipment.

Math leer) lysis of the fon stressea and re-
atttons is broadly covered by the General Analytical Mothod
preaented by The M W Kellogg Co in Design of Piping
Syatems, 1941, In employing this method, the solution of up
to 18 simul quati which rep: t, in genera), a
system of four points of fxation, can be handled eff
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and results {rom slternate testy readily obtained. Since .na,
piping costs are a significant item in high-pressure pla
the model icsts can be used with considerable econom;
advantage toward the elimination of excess piping.

Model tess have been conducted for hundreds of powerd !

petroleum and chemical plants, and for marine installaied
for the United States and Britigh Navies, Most recently, thej
hivo been employed for stomic-power plant design.
Principlo utilizod in the model test method ia that of
placing the ends of the modelaimulated pipeline with rels!

created by this springing of the model.

plied are a p go of the lated

sion of the ends from the fixed point, including the expans
of connecting equipment. The {orces and moments st the end!
of the model are proportional to those occurring in the astus,
pipeline when brought up to operating temperature.

Modo! Construction, Solid cold-rolled steel rods, Fis
are used in building the model. They are bent to shape t°|‘d«
and are brared together. Model ends sre silver.soldered i
L-in.square ateel blocks having topped boles to focil
fastening to the measuring unjts. The lengih scale used for

With an increase in the number of fixed ends or intermediate
restraints, the h ical approach b 1y
laborious and Vime-consuming. The model test solution of
piping sysiems has been evolved to solve problems too intri-
cale for ealculation or those where the math ical soluty

$4ein.==1 ft 10 1 in.=1 {t, though some tests  have been ru
on full-acale models of short connecting lines where operatln
conditions were critleal. « .

Wherc the sysiem haa the same size pipe throughout, 49

is not economically feasible. C,
Modol tess have additional appeal to d of high-
. temperature piping in that they permit visual evidence of the

interaction of all members in the syastem. Addition of guides

ot changes in configuralion can be made directly on the model,

o0

rod di from Yy through % in. is used. If ywo or mo
pipo sizes aro used in the actual system, their stifiness rot
is incorporated in the model. This is done by obtaining
product of the moment of inertia and the modulus of ¢l
city of the actual pipe and choosing rods in this relatior’
Valves or slmilarly stif members are represented In 13:
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embly of alements in boller superheoter modet. The rod
ore slivar 1oldered to insure complete fixation

5
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Uiy eolid steel blocks or other heavy sections. In recent
Al ya_u:!l:'{n‘: b:e a practice to include the 1erminal elements
t{ths ;super! "
o i These complicated Whe
o ﬂ“'lb:::": ding drill rod of correct
o lept:t!n: the tubes running to the .hcnder ldro:-
point of exit through the boiler arch, Fig. 3 snd 4.
%715 opparatus consists of an adjustable tubular [ramc.
7k for supporting the displacement unlts, which apply
roeements 10 the eads of the model. Machined tubular-sicel
s Fig. 6.
pany, tubular arms may be attached to give access
point within & 7-loot radius. The arms are splined 1o
céive the micrometer displocement units, -
3120 displ units combine 1bree y perpen:
diculsr slides, cach operated by o micrometer lead serew
ith' e thimble graduated in thousandths of an inch. -
The slideways are hand-scraped to avold ljn.y ‘pombi ity
L ired morions during application of the disp
iden aze Jocked in position after movemenis hove been made.
% The elecirical measuring unita resolvs the force and moment
Yeach end of the model and meosure the three coord'mne
ponenis of cach. This combined action is accomplished
epplying the force snd moment, by means of nAlhree-
nsionsl cross, through six cantilevers aligned with the
coordinate planes. .
ix pairs of strain gages are cemented to the cantilevers.
® Tesistance varies in proportion 10 the cantilever dellee-
us, by measuring the change in resistance of the
lous strain g the component focces and mc{mcm't mpy
e found. Ench pair of gages is pesrmancatly vurod. into &
'.llf tone bridge circuit. A sell-balancing potentiometer,
Fig,7, gives the readings directly in hundredths of a pound.
(Contiuued on page 92}
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