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ABSTRACT

This report contains a summary of the operations of the research group
and the work completed during the year 1962. The status of the work of the pro-
ject is reviewed and discussed.
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INTRODUCTION



The heat transfer project sponsored by Wolverine Tube Division of
Calumet and Hecla, Incorporated within the Department of Chemical and
Metallurgical Engineering at The University of Michigan is in 1ts twenty-
third year of operation. During the past year the project employed three
men on a part-time basis. Of these, one was an instructor in the Department
of Chemical and Metallurgical Engineering and the other two were students in
the department. 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 1962, 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 current priority status set
as a result of conferences held with the Director of Research and Development
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 avail-
able 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 1962, the equipment (laboratory) projects in order of priority
were:

1. Study of the heat transfer characteristics of boiling
refrigerants and investigation of internal fin configu-
rations 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 characteristics
of titanium tubes.

4. Investigation of the steam condensing characteristics
of corrugated tubes.

5. Determination of the air film heat transfer and pressure
drop correlations for banks of finned tubes using the
wind tunnel.
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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 were:
1. Revision of the Ward-Young air cooling heat transfer

correlation to include data obtained on additional banks
of tubes.

[§¥]

Revision of the Williams-Katz report on the perform-
ance of Type S/T tubes in shell and tube heat exchangers.

Several small projects of higher priority than those mentioned above were
added to the project work list during the year. Work on these additional projects
were coordinated with existing projects through conferences held with repre-
sentatives of Wolverine Tube.



At the beginning of the year, the following personnel were employed on
the project on a part-time basis:

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

Mr. Briggs is an Instructor in the Department of Chemical and Metallurgical
Engineering and was the acting director of the project until February 3, 1962.

The project director, Professor E. H. Young, returned to the project
on February 3, 1962, having taken a sabbatical leave from The University of
Michigan for the fall semester of the 1961-1962 academic year.

On February 12, 1962, Mr. Boris Taruntaev and Mr. William D. Hancock
were added to the project staff. Both men are students in the Department of
Chemical and Metallurgical Engineering. Mr. Taruntaev is working toward a
master's degree and Mr. Hancock is working toward a bachelor's degree.

At the end of 1962, the following persons were employed on the project:

Dale E. Briggs (one-half time)
Ardis R. Vukas (one-half time)
Boris Taruntaev (one-half time)
William D. Hancock (one-half time)
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LABORATORY INVESTIGATIONS



Wind Tunnel Investigation

Air film convective heat transfer data were taken on two tube banks in
the wind tunnel during the year. Figure 2 shows a view of the wind tunnel.
One tube bank contained four rows of 2 inch O.D. monometallic aluminum
tubes on a 2-3/16 inch equilateral triangular pitch and the other contained six
rows of 3/4 inch O.D. monometallic copper tubes on a 15/16 inch equilateral
triangular pitch. The data were analyzed to obtain the air film heat transfer
coefficient as a function of the maximum air velocity through the tube bank. Iso-
thermal pressure drop data were taken on seven wind tunnel tube banks. Three
banks contained six rows of 2-1/4 inch O.D. Type L/C tubes placed on an equi-
lateral triangular pitch. The tube pitches for those banks were 2.700, 3.375,
and 4.500 inches. The remaining four banks contained six rows of 1-1/2 inch
O.D. Type L/C tubes (Banks 22, 23, 24 and 25) that were placed on 1.930,
1.687, 2.450, and 3.375 inch equilateral triangular pitches. These data were
analyzed and pressure drop correlations were obtained which presented the ef-
fect of tube pitch on pressure drop for the tubes studied. Figure 3 gives the
pressure drop in inches of water per row as a function of the maximum air
velocity through the tube bank for the 1-1/2 inch O.D. tubes and Figure 4 gives
the pressure drop in inches of water as a function of the tube pitch with the
maximum air velocity as a parameter.
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Figure 2.
Test Section Insulated.
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Investigation of the Steam Condensing
Characteristics of Corrugated Tubes

An investigation to predict the steam condensing capabilities of an
internally grooved tube and two corrugated tubes was started in January 1962
and completed in February 1962. Sections of the three tubes were photo-
graphed and the photographs were used to obtain accurate measurements of
inside and outside heat transfer surface areas. Modified tube-side Wilson plot
data were taken in the concentric pipe heat exchanger shown in Figure 6 with
hot water flowing in the annulus and cold water flowing through the tubes. Using
the calculated values of the heat transfer areas, the data were processed with
the IBM 709 digital computer and the inside heat transfer coefficient constants
obtained for the Sieder and Tate Equation. Figure 7 gives the calculated Wilson
plot results for corrugated tube 489. Tube-side pressure drop data were also
taken and processed. A comparison of the anticipated low pressure steam con-
densing capabilities of the three tubes with those of plain tubes was then made,
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Figure 6. View of the Concentric Pipe Heat Exchanger
Located in Fluids Building.
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tank. Cooling water will be heated to the desired temperature in a preheater
and will pass through the tubes under study. Steam will be generated inside
a reboiler by condensing steam inside horizontal S/T type tubes. The steam
will then pass through an 8 inch pipe to the overhead condenser where it will
be condensed on the outside of the horizontal titanium tubes. The condensate
will return to the reboiler by a condensate return line. A steam jet ejector
will be used to remove non-condensibles and a make-up tank will be used as
necessary to maintain a sufficient water level in the reboiler.

Measurements of the inlet and outlet water temperature and the water
flow rate in each tube will permit the determination of the amount of heat
transferred by each tube. Wilson plot techniques will be used to evaluate the
inside heat transfer coefficient and the condensing coefficients will be obtained
by difference from the overall heat transfer coefficient.

The fabrication of the laboratory experimental equipment was nearing
completion at the end of the year.
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THEORETICAL AND NON-LABORATORY INVESTIGATIONS
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Heat Transfer from Plate Fin Units

A mathematical investigation was begun in January 1962 to determine
a satisfactory fin spacing, fin thickness, and fin height for plate fin units used
in refrigeration systems utilizing thermoelectric cooling. Heat was to be re-
moved from the refrigerated system by natural convection to plate fins on the
cold side and heat was to be transferred from the plate fins on the hot side to
the ambient air by forced convection. The heat transfer correlations required
in this investigation were obtained from the literature. A conference was held
with personnel from Wolverine Tube to discuss the significance of the findings
upon completion of the investigation in February 1962.

Revision of Report on
Performance of Finned Tubes in Shell and Tube
Heat Exchangers

A re-correlation of the heat transfer and pressure drop data in a University
of Michigan Engineering Research Institute Report entitled, "Performance of
Finned Tubes in Shell and Tube Heat Exchangers,' by R. B. Williams and
D. L. Katz (1951) was begun in September 1962. After writing an IBM 7090
computer program to obtain the inside heat transfer coefficient constant for
the Sieder and Tate equation from Wilson plot data, all the original data were
processed and the constants obtained. Table I shows the tabulated computer
output results for bundle 1, runs 2A - 2D. The original correlation was pre-
pared by hand calculations.

A computer program has been written to analyze all the heat transfer
and pressure drop data. The calculated values of the inside heat transfer
coefficient constants will be used in the computer program. The analysis
will include the development of shell-side heat transfer coefficient and pres-
sure drop correlations by both the Donohue and Bell methods. Comparisons
of the correlations for the finned tube bundles with the correlations for the
plain tube bundles will be made to obtain the relative performance of finned
tube bundles to plain tube bundles over a wide range of Reynolds numbers.
Table II shows representative computer output results for plain tube bundle
No. 1.
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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,with the IBM 709 com-
puter at The University of Michigan, of the Wilson plot data taken on Wolverine
Tube's concentric pipe heat exchanger. Project personnel also served in an
advisory capacity for the Wolverine Tube Research and Development Division's
concentric pipe heat exchanger program. Project personnel further assisted
Wolverine Tube in the areas of plate fin heat transfer, base board heaters, and
similar projects.

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 importance to Wolverine Tube's Research and
Development 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 Department, Washington, D. C.
and the U. S. Naval Engineering Experiment Station, Annapolis, Maryland.
Professor Young participated in conferences at the Boiler and Heat Exchanger
Branch of the Bureau of Ships with Mr. D. F. Grimm of Wolverine Tube on
May 21, 1962, and with Mr. E. F. Hill of Wolverine Tube on September 26, 1962.
Professor Young and Mr. Hill also participated in conferences with representa-
tives of the U. S. Naval Engineering Experiment Station at Annapolis, Maryland.

Professor E. H. Young and other members of the research group par-
ticipated in a total of 30 meetings with representatives of Wolverine Tube for
the purpose of reporting results and planning future project activities. Ad-
ditional conferences were held with representatives of several other companies
concerning project activities, Wolverine Tube activities or project experience
in certain areas. Professor Young participated in conferences at the Patterson-
Kelly Company, East Stroudsburg, Pennsylvania, on February 13, 1962, and
at the York Division of Borg-Warner Corporation, York, Pennsylvania on
February 14, 1962, with Mr. D. F. Grimm of Wolverine Tube and Mr. R. Egan
of Unifin Tube. On June 18, 1962, Professor Young attended a meeting on
refrigerant condensing at the American-Standard Industrial Division in Detroit,
Michigan, with several representatives of Wolverine Tube. On June 19, 1962,
Professor Young met with Mr. R. L. Eichhorn of Whirlpool Corporation at
St. Joseph, Michigan, to discuss their current work in thermoelectric refriger-
ation. Professor Young and Mr. D. M. Mellen of Wolverine Tube attended
meetings on refrigerant condensing at the York Division of Borg-Warner Cor-
poration on June 28, 1962. On July 10, 1962, Professor Young, Mr. D. F. Grimm
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and Mr. D. M. Mellen participated in conferences at the Trane Company,
LaCrosse, Wisconsin. Professor Young and Mr. D. F. Grimm and Mr. A. L.
Kaspark of Wolverine Tube held a conference on boiling refrigerants with Mr,
Abdelmessih and Mr. M. W. Timby of the United States Air Conditioning Corp.

in Delaware, Ohio, on July 17, 1962. On October 5, 1962, Professor Young

and Mr. J. G. Lavin participated in boiling heat transfer conferences with Pro-
fessor W. E. Fontaine, Professor J. B. Chaddock, and Mr. R. C. Johnston, Jr.,
of the Ray W. Herrick Laboratories at Purdue University, Lafayette, Indiana.

Professor E. H. Young and Mr. D. E. Briggs participated in heat transfer
conferences at The University of Michigan with Mr. A. H. Abdelmessih and
Mr. Wayne Timby of the United States Air Conditioning Corp. of Delaware, Ohio,
and Mr. J. Recehm of Wolverine Tube, Columbus, Ohio, on November 26, 1962.

Mr. D. E. Briggs attended a conference at Wolverine Tube on December 7,
1962, with Messrs E. F. Hill, R. C. Cash, R. E. Seaton, and H. F. Powell of
Wolverine Tube and Mr. J. J. Taborek of Phillips Petroleum. On December 8,
1962, Professor E. H. Young and Mr. D. E. Briggs held a conference at The
University of Michigan with Mr. R. C. Cash and Mr. H. F. Powell of Wolverine
Tube and Mr. J. J. Taborek of Phillips Petroleum.

Project personnel attended important heat transfer conferences. Professor
Young attended the Symposium on Evaporation at the A.I.Ch.E. National Meeting
in Baltimore, Maryland, on May 21, 1962. Professor E. H. Young and Mr. D. E.
Briggs attended the Fifth National Heat Transfer Conference sponsored by the
American Institute of Chemical Engineers and the American Society of Mechanical
Engineers at Houston, Texas, August 5-8, 1962. Professor Young and Mr.
Briggs presented a paper entitled '"Convection Heat Transfer and Pressure Drop
of Air Flowing Across Banks of Finned Tubes' at the meeting. Professor Young
attended heat transfer symposia at the Annual Meeting of the American Institute
of Chemical Engineers, Chicago, Illincis, December 2-6, 1962. While at the
meeting, Professcr Young participated in a meeting of the Executive Committee
of the Heat Transfer Division of the American Institute of Chemical Engineers.
Professor Young has been elected to a three-year term as a member of the
Executive Committee starting January 1, 1963. Effective January 1, 1963, the
name of the Heat Transfer Division will become the "Energy Conversion and
Transport Division'" of the American Institute of Chemical Engineers.

During the year Professor Young continued to remain active on the ASME
Atmospheric Cooling Equipment Code Committee.
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The research project received many requests for copies of the reports
and technical papers which have been published as a result of the research pro-
gram. 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 1962, the current priority list of projects was:

Equipment (laboratory) projects in order of priority

1. Investigation of the steam condensing characteristics
of titanium tubes.

Non-laboratory projects in order of priority
1. Revision of the Williams-Katz report on the
performance of Type S/T tubes in shell and
tube heat exchangers.
2. Completion of a final report on the bond

resistance of Type L/C finned tubes at
elevated temperatures.
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