
Table I Cold flow modeling summary 

MODELING TECHNIQUE 
TYPE OF PROBLEM SMOKE TABLE WATER MODEL AIR MODELS 

TWO DIMENSIONAL 
THREE DIMENSIONAL 

X X X TWO DIMENSIONAL 
THREE DIMENSIONAL X X 

REQUIRED RESULTS 
X X X QUALITATIVE X X X 

QUANTITATIVE X X 
GENERAL FLOW PATTERN X X X 

MASS FLOW DISTRIBUTION X 
RELATIVE VELOCITIES X X 
FLOW ANGLE OF ATTACK X X X 

PRESSURE LOSS X 

SIMILARITY CRITERIA 
X X X GEOMETRICAL X X X 

DISTORTED SCALE ELEMENTS X X 

JET MOMENTUM X X 

VELOCITY * X 
REYNOLDS NO. * * X X 

FLOW VISUALIZATION 

X 
AID USED 

BEAD TRACERS X 

SMOKE STREAMS X X 
YARN STREAMERS X 
PITOT TUBE X 

PHOTOGRAPHY X X X 

* FOR PRESSURE LOSS DETERMINATION 

* * MATCH RANGE 

erroneous results. This is especially true in smoke table model-
ing, since smoke table work should not be utilized for the solution 
of three-dimensional problems. 

Visual observation of flow phenomena, either by direct observa-
tion or studj' of still photographs and movies, is a tremendous aid 
to the understanding and correction of flow distribution problems. 
Any comprehensive flow modeling program should consider the 
use of visual techniques. 
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D I S C U S S I O N 
R. W. Curtis2 

The authors have pointed out that present-day boilers and 
furnaces are very much increased in size when compared to those 
of a year or two ago. Concurrently with this increase there have 
been increasing demands for higher availability and lower unit 
costs. These factors have placed more and more importance on 
the use of models to establish design criteria. As a result, the 
question is not whether or not model studies are to be made, but 
rather: 

1 What type of model should be used? 
2 What type of information, and how much, will the model 

produce? 
3 What degree of confidence can be placed on the results? 

With regard to the type of model to be used we have found the 
same situation that the authors describe in that normally there is 
no single "best" type of model. Rather each job must be ex-
amined to determine what the problem areas are, what type of in-
formation is to be obtained, and then a model arrangement 
chosen. The smoke table models are described as being simple 
and easy to rearrange in order to try various modifications, they 
do have the limitation of being two dimensional and are limited 
to laminar flow. In order not to be limited to laminar flow we 

2 The Babcock & Wilcox Company, Research Center, Alliance, 
Ohio. 

Journal of Engineering for Power O C T O B E R 1 9 6 2 / 3 5 5 

Copyright © 1962 by ASME

D
ow

nloaded from
 http://asm

edigitalcollection.asm
e.org/gasturbinespow

er/article-pdf/84/4/356/5591837/355_1.pdf by guest on 19 M
ay 2023

https://crossmark.crossref.org/dialog/?doi=10.1115/1.3675049&domain=pdf&date_stamp=1962-10-01


make use of water models iu either the two-dimensional or three-
dimensional models. The flow patterns are very easily traced by 
solid tracer material and we confine the illumination of these 
particles to bands of about Vs to l / i inch in width in order to 
obtain good photographic resolution and isolate the flow in 
specifically the areas which we desire to examine. In addition, 
we have found that by obtaining good photographic resolution 
the flow traces may be measured and quantitative results ob-
tained from this type of model. In some cases the direction of 
flow may be unknown and the traces by themselves are of little 
help. In this case we can arrange to pulse the slit lighting in 
order to place a barb at one end of the traces in order to dis-
tinguish the direction of flow. 

In many model studies one of the important items to be deter-
mined is the degree of mixing of two or more streams. Water 
models are particularly well suited for this type of study by using 
sodium chloride solution as a tracer. In this case a concentrated 
brine solution is added to one of the flowing streams to increase its 
electrical conductivity to about 10 times its normal value. The 
mixed stream can then be sampled, or traversed with a conduc-
tivity probe, to measure its electrical conductivity. This 
measurement can then be directly related to the degree of mixing 
of the two streams. 

The most important information that can be obtained from the 
model are the flow visualization patterns. These are important 
to engineers in order that they may understand the behavior of 
the fluid streams as an aid in predicting what effect they have on 
heat transfer and pressure drop. Of course, the pressure drop 
may be measured directly on many model arrangements and this 
information scaled up to prototype conditions. In this regard, 
dynamic losses may be measured on the model, in terms of ve-
locity head, and scaled to the prototype conditions. However, if 
frictional losses are the major items of consideration then both 
geometric similarity and dynamic similarity must be maintained. 

In the case of air or gas models the velocities and flow patterns 
can be obtained by use of flow measuring devices. The authors 
describe the use of the pitot tube for determining the angle of 
attack. We have found that the Feehheimer probe gives better 
accuracy than the pitot in so far as angular positioning is con-
cerned. The authors also describe the use of the Stausclieibe 
probe for determining absolute velocities. We have found that 
the Stausclieibe probe coefficient changes with Reynolds number 
and for this reason we rely on the use of either a pitot or 
Feehheimer type of probe for velocity measurements. 

Results of the model studies can only be of value if people have 
confidence that the results are valid. In this regard, it seems that 
most people are skeptical of the results if they have not had any 
experience in the use of the results. Our experience has shown 
that in spite of the confirmation of the validity of model results 
by many investigators there is a large degree of confidence that 
must be built up through the use of the results. We believe this 
confidence is now good, as far as boiler and furnace studies 
are concerned, and expect a much wider use of models in the 
future. 

Rex A. Elder3 and James T. Price4 

The authors are to be complimented on their excellent disserta-
tion of the use of models to study the flow of gases through fur-
naces and their associated duct components. They correctly ap-
praise the reasons behind the rather widespread interest in the 
use of such models to establish the guide lines for the furnace and 
duct designs of large size present-day equipment. The rapid 
technological advances of recent years have made former thresh-

«Director, Tennessee Valley Authority, Engineering Laboratory, 
Norris, Tenn. 

4 Research Engineer, Tennessee Valley Authority, Engineering 
Laboratory. 

old problems, problems of extreme importance. Consequently, 
the extrapolation of previous designs provides 110 assurance of a 
satisfactory new design. 

The authors point out that qualitative data are all that are ob-
tainable from the smoke table models. Our experience in TVA's 
Engineering Laboratory has been that where velocity distribu-
tion is the major factor to be considered, the results from this type 
of model study are also quantitative, within the two-dimensional 
limitations of the model. This is true because improvement of 
boundary geometry either by vaning, or changes in shape, is 
generally all that is necessary to provide better velocity dis-
tribution. 

It is noted that the authors operate these table models in the 
laminar flow range and claim that by so doing they are always 
on the conservative side. For improvement of boundary geome-
try, elimination of eddies, pinpointing points of separation, etc., 
this is generally true; however, where turbulence or more 
specifically, shape and boundary generated turbulence is a con-
sideration, one may not be on the conservative side. 

Under the heading of three-dimensional water models, the 
authors correctly state that many three-dimensional flow systems 
may not be simulated successfully by two-dimensional models. 
In most cases the basic cause of this three-dimensional aspect is 
due to the turbulence generated by the boundary configurations 
of the furnace and associated ducts. The separations which are 
produced are normally relatively independent of the Reynolds or 
viscous effects. Consequently, we would agree that it is not 
necessary under these circumstances to operate the models on the 
basis of Reynolds number similitude. 

Mention is made of the fact that models of this type may be 
made to circulate up to 300,000 lb/hr of water. It seems that 
this rate would be governed entirely by the model scale and any 
maximum should be determined by the resources of a particular 
laboratory. 

Even though the authors state that their three-dimensional 
models have been used primarily for qualitative data, there are 
no reasons why the results obtained from such studies cannot 
yield valid quantitative results. We recently completed a series 
of water model studies which determined the quantitative charac-
teristics of a stationary airfoil flowmeter.5 

We share the authors' feelings that these three-dimensional 
water models are an effective laboratory tool for the duct and 
furnace designer. 

The authors indicate that in their cold flow air models they 
employ exact geometric similarity but with their flow require-
ments determined from the Reynolds criterion of velocity simi-
larity. We have successfully used models of the same type but 
with the flow requirements based on the Froudian criterion of 
similarity. This scheme has considerable economic advantages 
in that the air and thus the power requirements are considerably 
less and that lighter model construction can be used since the 
pressures are lower. Pressure losses in the ducts have been suc-
cessfully predicted using this criterion. 

Measurement of velocities and flow angles are more difficult at 
the lower velocities which occur in the Froude scaled models, but 
in most of our work we have found the advantages to be con-
siderably greater than the disadvantages. Each test, however, 
must be evaluated separately before a decision is reached as to the 
type of scaling to be used. 

In our latest problems, turbulence induced vibrations are a 
major factor; therefore, we have started to use the hot-wire 
anemometer since this instrument not only gives mean velocity 

6 Marvin N. Smith, "Characteristics of a Simplified Stationary Air-
foil Flowmeter," Research Engineer, TVA Engineering Laboratory, 
a thesis for partial requirement for the Degree of Master of Science 
from the University of Tennessee, Knoxville, Tenn., May, 1961. 
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and direction but the fluctuating velocity characteristics as 
well. 

As a matter of interest, we have been successful in improving 
the velocity distribution downstream from mitered elbows by 
using cascaded flat-plate type vaning. The construction ad-
vantages of this type of vaning over the curved vaned elbows of 
course are apparent. 

A. A. Putnam6 

In connection with the authors' interesting paper on flow 
modeling, I have a question to raise and an observation to make. 

To cover the question first, we know that the Strouhal number, 
which is the ratio of a frequency-length product to a velocity, is 
often neglected in dimensional analysis and modeling of fluid-
flow systems. The reason for this neglect is clear. First, it is a 
dependent dimensionless group and not necessary to the specifi-
cation of the functional expression for other dependent dimen-
sionless groups. Second, in most instances its specification has 
not been found to be important. On the other hand, there are in-
stances where a knowledge of this particular dimensionless group 
can be helpful, and its value can be obtained by visual observa-
tion of models. Some of these instances are as follows: 

1 Flow instabilities involving large-scale vortex buildup and 
shedding [19, 20,21], 

2 Combustion-driven oscillations involving vortex formation 
and shedding [22, 23]. 

3 Heat-exchanger noise and the associated increased pressure 
drop, involving coupling between aerodynamic and acoustic 
oscillations [24]. 

In the last two instances, other information is required but visual 
observation of a model might indicate a potentially troublesome 
situation. In the first instance, model studies alone might be 
sufficient. 

Now for the question: In the Nomenclature of the paper, a 
second equation could be added to Equation (1) by replacing 

6 Staff Mechanical Engineer, Mechanical Engineering Depart-
ment, Battelle Memorial Institute, Columbus, Ohio. Mem. ASME. 

p/pv1 with the Strouhal number, vl/v. Have the authors any 
information to cite relative to such periodic phenomena, and to 
the form of this hypothesized equation? 

My observation is related to a new pressure-measuring instru-
ment that might increase the value of water-flow model studies. 
The Battelle staff designed and built the first unit for the U. S. 
Department of the Interior for channel flow studies. This particu-
lar unit is a sphere 0.625 in. in diameter, with six equally spaced 
diaphragms in the surface. Each diaphragm is equipped with 
two sensitive strain gages. Three pairs of compensating gages 
are attached to the inside wall of the sphere. The nine pairs of 
strain gages may be connected in a number of ways, depending on 
the specific use of the instrument. Because of the use of thinner 
material, the sensitivity is greater than for the diaphragm 
equipped with four active gages that was discussed in Reference 
[25], Only exploratory studies in an open channel have been 
made thus far. Therefore I do not know the full capability of the 
unit in connection with water modeling of combustor systems. 
However, it is estimated that full-scale deflection on conven-
tional strain-gage instrumentation can be obtained with the 
pressure equivalent of 1 fps velocity. 
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