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METHOD or srMULA’TrriG THERMAL STRESSES 
AND PRODUCING THE RESULTING PHOTO 
ELASTIC FRINGE PATTERNS 

William H. Tuppeny, J12, Rockville, and Sigmund J. Ligen 
za, East Granby, Conn, assignors to Combustion Engi 
neering, inc, Windsor, Comm, a corporation of 

Delawarlii‘iled Jan. 28, 1963, Ser. No. 254,502 
8 Claims. (Cl. 88—14) 

This invention relates generally to the art of stress 
analysis and has particular relation to a process ‘for ob 
taining photoelastic fringe patterns for predicting the 
state of stress in a component of a prototype WhlCh com 
ponent has a steep temperature gradient from one region 
to an adjacent region with the invention being speci?cally 
concerned with the production of a photoelastic fringe 
pattern useful in predicting the state of stress in a tube 
sheet which is provided with a tube dividing lane general 
ly centrally located in the tube sheet and dividing the 
same into two halves and with there being a steep tem 
perature gradient at this tube lane divider with one-half 
of the tube sheet operating at a much higher temperature 
than the other half. 

In accordance with the present invention the desired 
photoelastic fringe pattern or patterns are obtained by 
providing a photoelastic scale model of the tube sheet. 
This model is loaded so that the state of stress therein 18 
similar to that provided in the prototype component, i.e., 
the tube sheet as employed in the prototype. To obtain 
this loading the portion or region of the model that corre 
sponds with the low temperature portion or region of the 
prototype during operation of the heat exchanger wrthln 
which the tube sheet is a component, is immersed 111 a 
low temperature ?uid bath (for example, acetone at a 
temperature lower than —100° F.) while the other region 
or other half of the model, which corresponds to the 
region or half of the tube sheet that is at a higher tem 
perature, is disposed or bathed in an atmosphere that has 
a temperature considerably greater than that of the 
?rst mentioned bath, for example an air atmosphere at 
room (72° F.) temperature. The interface of this cold 
bath and this higher temperature atmosphere lies within 
the boundary of the tube lane divider of the model. 
The photoelastic model has a very low coefficient of 

conductivity and thus a steep temperature gradient is pro 
duced in the model at the region of the tube lane divider 
thus loading the model in a manner which will produce 
a thermal stress pattern therein similar to that provided 
in the actual tube sheet during operation of the heat ex 
changer. 
With the model thus disposed, it is placed between the 

two elements of a polariscope and the photoelastic fringe 
pattern thus produced may be photographed and analyzed 
permitting the accurate prediction of the actual stresses 
that will be produced in the tube sheet. 

Accordingly, it is an object of this invention to provide 
an improved method for use in ‘stress analysis. 

Another object is to provide an improved method for 
simulating stresses in components having adjacent regions 
operating at different temperatures producing a steep 
temperature gradient therebetween. 
A still further object of the invention is to provide an 

improved method useful in stress analysis for simulating 
thermal stresses and producing the resulting photoelastic 
fringe patterns in tube sheets which have adjacent regions 
operating at widely different temperatures producing steep 
temperature gradients therein. 
Another object of the invention is to provide such a 

process which is simple yet highly reliable. 
Other and further objects of the invention will become 

apparent to those skilled in the art as the description 
proceeds. 
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With the aforementioned objects in view, the invention 

comprises an arrangement, construction and combination 
of the elements of the inventive organization in such a 
manner as to attain the results desired as hereinafter more 
particularly set forth in the following detailed description 
of an illustrative embodiment, said embodiment being 
shown by the accompanying ‘drawings wherein: 

FIG. 1 is a front elevational view showing the photo 
elastic scale model of the tube sheet with the lower 
portion thereof emersed in the body of cold ?uid in ac 
cordance with the method of the invention; 

FIG. 2 is a top elevational view of the organization of 
FIG. 1; and 
FIG. 3 is a picture of the photoelastic fringe pattern 

in accordance with the method of the invention. 
In the method of the present invention whereby the 

desired photoelastic fringe patterns are produced repre 
sentative of the stress pattern found in the tube sheet 
prototype which has the steep temperature gradient here 
inbefore mentioned, a model of the tube sheet is ?rst 
made with this model being to a desired scale and being 
fabricated of a photoelastic material. This model is iden 
ti?ed in FIGS. 1 and 2 as 10. The model is provided 
with a pair of rows of openings 12 in the upper region or 
upper half of the tube sheet as oriented in FIG. 1 and 
a lower pair of rows of openings 14. Intermediate these 
pairs of rows is the portion of the tube sheet referred 
to as the tube lane divider with this portion being iden 
ti?ed generally as 16. 
The photoelastic model has its lower half, as viewed 

in FIG. 1, emersed in a cold ?uid while the upper half is 
bathed in the ambient atmosphere. The difference in tem 
perature of the ?uid surrounding the lower half and the at 
mosphere surrounding the upper half is very substantial 
and corresponds to the temperature difference between the 
corresponding halves of the tube sheet prototype in one 
of the operating conditions which it will encounter. 
The cold ?uid is contained in a suitable container 18 

with this container, in the illustrative organization being 
fabricated of glass. 
The model 10 is positioned within the container 12 

such that the upper level 22 of the ?uid 20 in this con 
tainer lies within the tube lane divider 16. Thus there 
is a very steep temperature gradient created in the photo 
elastic model at the interface of the ?uid 20 and the 
ambient atmosphere i.e., at the level 22. 
One of the simplest ways of creating this very large 

temperature difference in the upper and lower halves of 
the model is to have the lower half inserted in a liquid 
in the container 20 that is of a very low temperature 
(preferably less than —100° F.) and have the upper half 
in the ambient atmosphere i.e., in the air at room temper 
ature (72° F.). The liquid ‘in the container 20 may be 
cooled in any manner, such as by refrigeration and the 
temperature of the liquid may vary so that the full range 
of temperature gradients over which the prototype of the 
model maybe subjected can be produced and the resulting 
photoelastic fringe patterns obtained. 

With the photoelastic model thus disposed, as afore~ 
mentioned, with the lower half at a much lower tempera 
ture than the upper half and with a steep temperature 
‘gradient produced at the tube lane divide-r the model is 
positioned between the elements of a ‘polariscope and the 
desired fringe pattern produced from which the actual 
stresses in the prototype are predicted. 
The results of the method of the invention are shown 

by the photoelastic fringe pattern of FIG. 3. This pat 
tern was produced by placing a model that is 10 inches in 
diameter and approximately 1%; inch thick in a bath of 
acetone contained in a glass tank that had the approxi 
mate dimensions 12" x 12" x 1". The model was made 
of epoxy resin and had two pairs of rows of 1A” diam 
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3,289,526 
3 

eter holes therein with the ‘pairs of rows ‘being spaced 
so as to form a tube lane approximately 2 inches wide 
across the diameter of the circular model. The lower 
half of the model was emersed in the acetone so that the 
level of the acetone was within this tube lane. The ace 
tone was cooled to a temperature of —l09° F. by placing 
within the acetone solidi?ed C02. The ambient tem 
perature or air temperature which surrounded the upper 
portion of the model was at approximately 72° F. The 
model as thus emersed in the acetone was placed ‘between 
the elements of a polariscope and a photograph taken 
(FIG. 3) of the resulting photoelastic fringe pattern thus 
produced. 

It will be noted that the fringe pattern adjacent to the 
upper pair of rows of perforations in the model is ex 
tremely clear and well de?ned and since this is the high 
temperature portion, this is the portion that is of interest 
to the stress analyst. 

It will thus be apparent that with the present invention 
there is provided a relatively simple and yet highly satis 
factory method of simulating thermal stresses and produc 
ing photoelastic fringe patterns for use in the stress analy 
sis of components having adjacent regions at widely vary 
ing temperatures. 

While we have illustrated and described a preferred 
embodiment of our invention it is to be understood that 
such is merely illustrative and not restrictive and that 
variations and modi?cations may vbe made therein with 
out departing from the spirit and scope of the invention. 
We therefore do not wish to be limited to the precise de 
tails set forth but desire to avail ourselves of such changes 
as fall within the purview of our invention. 
What we claim is: 
1. The method of producing a photoelastic fringe pat 

tern from which the stress condition of a component of a 
prototype having one region that operates at a much 
higher temperature than an adjacent region can be pre 
dicted comprising providing a photoelastic scale model 
of the component, surrounding the region thereof 'corre 
sponding to said one region with a ?rst ?uid, surrounding 
the region thereof corresponding to said adjacent region 
with second ?uid maintained at a much lower temperature 
than said one temperature, while in this condition placing 
the model between the elements of a polariscope. 

2. In the stress analysis of a tube sheet one region of 
which operates at a substantially higher temperature than 
another developing a relatively steep temperature gradient 
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that extends thereacross, the process comprising forming 
a photoelastic scale model, emersing said one region in 
one ?uid, emersin-g said other region in another ?uid, 
maintaining the temperature difference of the two ?uids at 
a desired value, and while thus emersed placing said 
model between the elements of a polariscope. 

3. The method of producing a photoelastic fringe pat 
tern from which the stress condition of a component of a 
prototype having one region that operates at a much 
higher temperature than an adjacent region can ‘be pre 
dicted comprising providing a photoelastic scale model of 
the component, providing a cold ?uid bath immediately 
adjacent which is an ambient temperature atmosphere, 
placing the region of the model corresponding to said one 
region in said atmosphere and the region corresponding 
to said adjacent region in said bath and while thus dis 
posed placing the model between the elements of ‘a polari 
scope. 

4. The method of claim 3 whrein said atmosphere is 
air at room temperature. 

5. The method of claim 3 ‘wherein said ‘bath is acetone 
at least at —l00° F. 

6. The method of claim 3 wherein said atmosphere is 
air at room temperature and said bath is acetone at least 
at — 100° F . 

7. The method of producing a photoelastic fringe pat-i 
tern from which can 'be predicted the stress condition of 
a tube sheet having a tube lane diivder with the region 
on one side of the tube lane divider operating at a much 
lower temperature than the region on the other side of - 
the tube lane divider comprising providing ‘a photoelastic 
scale model of the tube sheet and immersing the region 
thereof on said one side of the tube lane divider into a 
?uid bath having a temperature much lower than that of 
the ambient atmosphere while the other region is disposed 
in said ambient atmosphere with the interface of said 
bath and the ambient atmosphere ‘being within the tube 
lane divider, and while thus disposed placing the model 
between the elements of a polariscope. 

8. The method of claim 7 wherein said ?uid bath is 
acetone at a temperature of at least —100‘‘ F. and said 
ambient atmosphere is air at room temperature. 
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