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ABSTRACT

This report contains a summary of the operations of the re-
search group and work completed during the year 1961. The status
of the work of the project is reviewed and discussed.
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INTRODUCTION



The Wolverine Tube heat transfer project within the Department

of Chemical and Metallurgical Engineering at The University of Michigan
is in its twenty-second year of operation. During the past year the pro-
ject usually employed three or four men. Of these, one was normally
employed on a full-time basis and the others were graduate students
working part-time. Part-time secretarial help was also employed.
The project's laboratory facilities are located in the Fluids Building
on the North Campus of the University as indicated in Figure 1. The
project director maintains an office in the East Engineering Building
where many of the files are kept.

During 1961, there were many more prospective investigations
listed than could be handled simultaneously or could be completed. The
investigations were, therefore, undertaken in accordance with the cur-
rent priority status set as a result of conferences held with the Director
of Research and Development Division and Director of Operations Division
of Wolverine Tube. The prospective projects were separated into two
categories. One consisted of projects requiring laboratory facilities and
the others consisted of projects requiring the use of technical information
available in the literature to effect a desired design or analysis of heat
transfer data in an effort to abstract information of value to Wolverine
Tube .

In January 1961, the equipment (laboratory) projects in order of
priority were:

1. High temperature bond resistance measurements
of Type L/C tubes at various tube wall tempera-
tures.

2. The effects of cycling on high temperature bond
resistance of Type L/C tubes at various tube
wall temperatures.

3. The wind tunnel investigation of the performance
of Loktfin tubes.

4. The investigation of internal fin configurations on
boiling refrigerant coefficients.

5. The performance of Type S/T tubes in large shell
and tube heat exchangers. Liquid and gas cooling.
The effect of longitudinal (unbaffled) flow.
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Non-laboratory studies in order of priority were:
1. Optimum fin height for refrigerant condensing.

2. Revision of the Ward-Young air cooling corre-
lation to include data obtained on additional
banks of tubes.

3. Revision of the Williams~Katz report on the
performance of Type S/T tubes in shell and
tube heat exchangers. Re-correlation using
IBM 704 computer.

Several new projects of higher priority than those mentioned
above were added to the project work list during the year. Work on
these projects were coordinated with existing projects depending on
Wolverine Tube's needs.



PERSONNEL
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At the beginning of the year,; the following personnel were em-
ployed on the project on a part-time basis:

Dale E. Briggs (one-half time)

I. Lin Chow (full time)

William E. Johnson (one-half time)

Ian M. Sommerville (full time)

Ardis R. Vukas (typist, one-quarter time)

G Wy -

Messrs. Briggs, Johnson, and Sommerville were graduate students in
Chemical Engineering. Mr. Chow was a graduate student in Mechanical
Engineering. Because of their full-time employment, Mr. Sommerville
and Mr. Chow were on limited academic programs.

Several personnel changes occurred during the year. Mr. W. E.
Johnson left the project on February 15, 1961, and accepted an assistant-
ship in the Department of Chemical and Metallurgical Engineering. Mr.
I. Lin Chow left the project on February 25, 1961, and accepted an
assistantship in the Department of Mechanical Engineering. These two
reductions in project personnel were necessitated by project budget limi-
tations.

The project director, Professor E. H. Young, was granted a
sabbatical leave for the fall semester, 1961-1962, and has taken a
leave of absence from the project from September 13, 1961, to February 3,
1962. Professor Young is collaborating with Professor Donald L. Katz
in completing a manuscript entitled Heat Transfer Through Finned Tubes.
Mr. Dale E. Briggs was appointed acting director of the project during
Professor Young's absence.

Mr. lan M. Sommerville resigned and left the project on
December 1, 1961, to accept a position involving heat transfer research
work with the Missile and Space Vehicle Department of General Electric
at Valley Forge, Pennsylvania.

At the end of 1961, the following persons were employed on the
project:

1. Dale E. Briggs (one-half time)
2. Ardis R. Vukas (typist, one-quarter time)



LABORATORY INVESTIGATIONS



Bond Resistance Studies

In 1961, the bond resistance characteristics of Types L/C and
W /H tubes were studied. The Type L/C tube investigation consisted
of measuring the bond resistances of 2-inch O.D. Type L/C bimetallic
tubes with aluminum fins and steel liners at high temperatures. The
Type W /H tube investigation consisted of measuring the bond resist-
ances of l-inch O.D. Type W/H duplex 'leak-detector' tubes at wall
temperatures of about 130 °F.

Beginning in January, bond resistance data were taken on three
Type L/C tubes using the concentric pipe, counter-current hot oil bond
resistance equipment shown in Figure 2. By varying the oil flow rates
and temperatures, bond resistance data were obtained for various
combinations of liner and average fin temperatures. It was possible
to vary the liner temperature from about 175 °F to 490 °F and to vary
the average fin temperature from about 155 °F to about 390 °F. In all
runs the liner temperature was higher than the fin temperature. The
bond resistance of a tube at a fixed set of oil flow rates and temperatures
was determined from the difference in the actual measured overall heat
transfer coefficient and the calculated overall heat transfer coefficient
predicted from tube-side and annulus-side heat transfer correlations.
The correlations were obtained in 1960 using a 2-inch O.D. mono-
metallic Type L/C tube of the same overall dimensions as the bimetallic
tubes. All the data were processed using the IBM 704 computer. A
typical computer output sheet giving the tabulated values of tempera-
tures, flow rates and bond resistances are shown in Table 1. When all
the data had been processed, the computed values of bond resistances
were plotted versus the liner temperatures and compared to the bond
resistances predicted using the procedure presented by Gardner and
Carnavos in their paper, '""Thermal Contact Resistance in Finned Tubing."
The equations presented in the paper were found to be adequate in predicting
the bond resistance of Type L/C tubes over the range of conditions
studied. A report was submitted giving the results of the comparison.
A second report was then prepared and submitted giving the anticipated
bond resistances of Type L/C tubes as a function of the inside heat
transfer coefficient, inside fouling resistance, tube-side fluid
temperature, air-side coefficient, and air temperature.
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The Type W/H tube bond resistance investigation was started
in October 1960, and completed in March 1961, Inside and annulus
heat transfer correlations were obtained for a l-inch O.D. Type W/H
monometallic copper finned tube using modified Wilson plots. The
Wilson plot data were processed with an IBM 704 digital computer.
Table 2 shows the tabulated computer output results for the determin-
ation of the inside heat transfer coefficient of the monometallic tube
by the modified Wilson plot technique. The plotted computer results
are shown in Figure 3. Bond resistance data were then taken on six
lI-inch O.D. Type W/H duplex 'leak-detector'' tubes produced by
Unifin Tube Company. Three tubes had copper fins and copper liners
and three tubes had copper fins and cupro-nickel liners. The data
were taken with the heat flux in both directions using the low temper-
ature bond resistance equipment shown in Figure 4. An analysis
of the processed data revealed that the bond resistance was negligible
at wall temperatures of 155°F and below. Wall temperatures of 155°F
were the highest obtainable with the equipment. A letter report was
prepared giving the results of the investigation.

Wind Tunnel Investigation

Four different wind tunnel tube banks were studied in the wind
tunnel during the year. The studies involved taking heat transfer and
pressure drop data for each bank, analyzing the data, and develcoping
air side heat transfer and pressure drop correlations. The first tube
bank studied contained six rows of 2-1/4-inch O.D. Loktfin tubes on
a 2-7/16-inch equilateral triangular pitch. The second tube bank
contained six rows of 2-3/4-inch O.D. monometallic aluminum tubes
on a close triangular pitch. The tubes, which were similar to Wolverine
Type L/C, were produced by Imperial Chemical Industries Limited
in England. The third tube bank contained six rows of 2-inch O.D.

Type L/C finned tubes with admiralty liners on a 2-3/16-inch equilateral
triangular pitch. Figure 5 gives the air side heat transfer correlation
obtained for that tube bank. A tube bank containing six rows of 2-inch
O.D. wrap-on fin tubes on a 2-3/16-inch equilateral triangular pitch
was the fourth bank studied. Figure 6 shows a view of the wind tunnel.
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Revision of Report on Performance of
Finned Tubes in Shell and Tube Heat Exchangers

Report No. 25, entitled "Performance of Finned Tubes in Shell
and Tube Heat Exchangers' by R. B. Williams and Professor D. L.
Katz, was issued in 1951. Preliminary plans were made to expand
the scope of the original report by utilizing a 10-inch shell and a
16-inch shell provided by Aurora Gasoline Company and a 10-inch
shell and a 13-inch shell provided by The Griscom-Russell Company.
The laboratory work was not begun during the year.

16



THEORETICAL INVESTIGATIONS AND CALCULA TIONS
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Boiling Refrigerants

This investigation was initiated after some boiling refrigerant
studies were made in a commercial sized water chiller heat exchanger
containing plain tubes with Strubing inserts. These data on refriger-
ant 22 were analyzed using the correlation of Bo Pierre presented in
his paper, '"The Heat Transfer Number of Boiling Freon-12 in Horizontal
Tubes' and the boiling heat transfer coefficients were compared to
those obtained in plain tubes. Data on a tube with a star insert were
also analyzed. These data for refrigerant 12 in three water chillers
were used to compare the boiling refrigerant heat transfer coefficients
of the tubes with star inserts with those for plain tubes.

The second phase of this study was the preliminary design of a
boiling refrigerant system which would be used to obtain integral boiling
refrigerant heat transfer data on single and multiple tube arrangements.
The project was never completed because of the anticipated capital in-
vestment required for the program. Mr. J. G. Lavin, the recipient of
the Wolverine Trufin Fellowship at The University of Michigan for the
years 1960-1962, is conducting a laboratory investigation in this field.
The project expects to extend the work to other tubes and other arrange-
ments at the completion of the doctoral thesis by Mr. Lavin.

Direct Fired Water Heaters

Performance data for several directed fired water heaters using
integral finned tubing were analyzed. The results were used to evaluate
a new direct fired water heater design containing helical coils of Type
W /H tubes.

Thermoelectric Plate Fin Units

An investigation was completed for the determination of the heat
transfer characteristics of fin plate thermoelectric units when used
with air in forced convection. The heat transfer correlations required
in this investigation were obtained from the literature. Curves were
prepared giving the anticipated heat transfer rates as a function of the
air velocity between the fins.

18



Steam Condensing Data Analysis

The U. S. Naval Engineering Experiment Station data on
corrugated tubes were analyzed. Modified Wilson plot techniques
were used to obtain the inside heat transfer coefficients for the
corrugated tubes. Figure 7 shows a typical Wilson plot. The
steam condensing coefficients were determined by a differencing
procedure. Using the inside and condensing heat transfer coefficients
obtained, an economic evaluation was made comparing corrugated tubes
of various metals with plain tubes of the same metal in low pressure
steam condensing applications. A report was submitted entitled

"Wilson Plot Analysis of U. S. Navy Corro-Tube Steam Condensing
Data."

Economic Evaluation of Various Air Cooling Tubes

A report entitled "Economic Evaluation of Various Air Cooling
Tubes'' was prepared and written in which six typical finned tubes
used in air cooling were evaluated on an economic basis when cooling
n-pentane from 250°F to 150°F.

Natural Convection
Heat Transfer Coefficients for Plate Fins

An investigation was undertaken to determine the optimum fin
spacing and fin thickness for plate fin units used in dissipating heat
from a particular thermoelectric module arrangement by natural
convection. The investigation was completed using available literature
on natural convection from closely spaced heated plates. A confer-
ence was held at Wolverine Tube to discuss the significance of
the results.

19



*aqn], pojresniio) 193o1IN-o0xdnD g -0, - IUSIDIJIL0D

IoJsura], }BOH] OPISU] I0J JO[J UOSTIM POIJIPON ‘L 2an3ig
gg !N M 100+ T) v
- Ip oy £
2°0
10 970 50 p°0 €0 2°0 1°0 0
| | 1 | | | 0
- 100°0
1 20070
~ €000
!
NO.I_uI Jalem
g Y 00+ Ty vz - My ~{ 7000
aqn| buisuspuo)
wea)s pajebniio) |8NDIN-04dnY 0f - 0L
500 °0

20



Fin Efficiencies

The fin efficiencies of internal transverse fins were determined.
These will be used in the evaluation of the Wolverine Tube concentric
pipe data on various internal tube configurations.

Internal Integral Turbulence Promotors

A report was prepared and submitted entitled, '"Evaluation of
Various Internal, Integral Turbulence Promotors for Low Prﬁssure
Steam Condensing Applications.'" The report was based on Gunther
Grass's data from his paper entitled ''Improvement of Heat Transfer
on Water by Artificial Roughening of the Surfaces in Reactors or Heat
Exchangers.'" An economic comparison was made between Grass's tubes
and plain tubes when condensing equal amounts of low pressure steam
at equal rates of power expenditure. The data of Kemeny and Cyphers
printed in their paper '""Heat Transfer and Pressure Drop in an
Annular Gap with Surface Spoilers' were also analyzed and an addendum
to the above report prepared and submitted.

21



OTHER ACTIVITIES
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Many special projects were performed for Wolverine Tube
during the past year. One of these projects was the processing of
Wolverine's concentric pipe heat exchanger data. The University
replaced the IBM 704 computer with an IBM 709 computer as shown
in Figure 8. IBM 709 digital computer programs were written and
existing programs were altered to do modified Wilson plot analysis
of the data. The results obtained for Wolverine Tube are similar
to those shown in Table 2 and Figure 3. The project also served
in an advisory capacity for the Wolverine Tube concentric pipe ex-
changer program. Project personnel further assisted Wolverine Tube
in the areas of plate fin heat transfer, steam condensing, and other
projects.

In July 1961, Mr. R. E. Metrey, Code 651, U. S. Navy,
Bureau of Ships, Washington, D. C., spent approximately one week
with the project group. Mr. Metrey spent his time working with
project personnel on the wind tunnel and the concentric pipe heat ex-
changer. Conferences on many additional subjects were held with
him. Mr. D. M. Mellen of Wolverine Tube spent a similar period
with the project in August 1961.

During the year project personnel reviewed heat transfer
literature and the heat transfer papers presented at technical meetings.
Information pertinent to the project's present or anticipated future
needs were placed in the project's files. Similar information of im-
portance to Wolverine Tube's work was forwarded to Wolverine Tube.

A close liaison was maintained by Professor E. H. Young
between the research project and the Bureau of Ships, Navy Depart-
ment, Washington, D. C. and the U. S. Naval Engineering Experi-
ment Station, Annapolis, Maryland. Professor Young participated in
conferences at the Bureau of Ships with Mr. D. F. Grimm of Wolverine
Tube on March 22, 1961, and September 13, 1961.

Professor E. H. Young and other members of the research
group participated in a total of 42 meetings with representatives of
Wolverine Tube for the purpose of reporting results and planning
future project activities. Conferences were held with representatives
of several other companies concerning project activities or project
experience in certain areas. Professor Young, Mr. Briggs and Mr.
Sommerville met with a representative of the Airtemp Division of
Chrysler Corporation on January 26, 1961. On April 11, 1961, Pro-
fessor Young held meetings with representatives from American
Standard and General Electric in Louisville, Kentucky. On July 26,
1961, Professor Young visited The Griscom-Russell Company at
Massillon, Ohio.

23
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Project personnel also attended important heat transfer con-
ferences. Mr. Briggs attended heat transfer symposia at the ASHRAE
Semi-annual meeting and the International Heating and Air-Conditioning
Exposition in Chicago, Illinois, on February 13, 1961. Professor
Young participated as Symposium Chairman of the Heat Transfer Sym-
posium at the Joint Chemical Engineering Congress in Cleveland, Ohio,
on May 8-9, 1961. Mr. Sommerville also attended the symposium.

Professor Young remained active on the ASME Atmospheric
Cooling Equipment Code Committee and attended meetings on April 4-5,
1961, in Houston, Texas, and Baytown, Texas, and on November 29,
1961, in New York, New York.

The research project received many requests for copies of the
reports and technical papers which have been published as a result of
the research program. The requests were fulfilled whenever possible.
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CURRENT STATUS
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The current priority list established by Wolverine Tube
divided the project activities into two categories. One consisted
of projects requiring laboratory facilities and the other consisted
of non-laboratory investigations. At the end of 1961 the current
priority list of projects was:

Equipment (laboratory) projects in order of priority

1. Study of the heat transfer characteristics of boiling
refrigerants and investigation of internal fin
configurations on boiling refrigerant heat transfer
coefficients.

2. Determination of the optimum fin height and fin
spacing for refrigerant condensing.

3. Investigation of the steam condensing character-
istics of titanium tubes.

4. Investigation of the steam condensing character-
istics of corrugated tubes.

5. Determination of the air film heat transfer and
pressure drop correlations for banks of finned
tubes using the wind tunnel,

6. Study of the performance of Type S/T tubes in
large shell and tube heat exchangers. Liquid and
gas cooling. The effect of longitudinal (unbaffled)
flow.

7. Study of natural convection heat transfer from plate
fins and finned tubes.

Non-laboratory studies in order of priority

1. Revision of the Ward-Young air cooling correlation
to include data obtained on additional banks of
tubes.

2. Revision of the Williams-Katz report on the
performance of Type S/T tubes in shell and tube
heat exchangers. Re-correlation using IBM 709
computer.
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