
RESEARCH AGTIVITIS IN THE SCHOOL OF ENGINEERING

JULY 1, 1970 to JUNE 30, 1971

by

James G. Knudsen

CIRCULAR 43

AUGUST, 1971

Engineering Experiment Station
Oregon State University
Corvallis, Oregon, 97331



CONTENTS

Foreword

Report in ASEE Annual Directory of Engineering Research

Tabular Summary of Besearch Activity by Source of Funds

Tabular Summary by Department and Source of Support

Departmental Research Activity
Agricultural Engineering
Chemical Engineering

Civil Engineering

Electrical and Electronics Engineering
Engineering Experiment Station
General Engineering
Industrial Engineering

Mechanical and Nuclear Engineering
Metallurgical Engineering

Proposals Submitted - 1970-71

Four Year Summary of Research and Training Activity
School of Engineering Statistics - Enrollment and Degrees -

1965-1970

Engineering Faculty

1

1

5

6

6

7

8

10

12

13

14

16

18

19

20, 21

22



FOREWORD

This report briefly summarizes the graduate education and research
activity in the School of Engineering at Oregon State University for the
period July 1, 1970 to June 30, 1971. The undergraduate and graduate
programs of the School provide a basis for sound modern training of
personnel for the technical community.

Programs leading to B. S. , M. S., and Ph. D. are offered in the
following majors:

Agricultural Engineering (Cooperative with School of Agriculture)
Chemical Engineering
Civil Engineering
Electrical and Electronic Engineering
Industrial Engineering
Mechanical Engineering
Metallurgical Engineering
Nuclear Engineering
Ocean Engineering (Master of Ocean Engineering also offered,

no B.S. offered)

For 1970/71 the research and training grant activity amounts to
slightly more than $1., 000, 000 per year. While this represents an
increase of about 10% over the 1969-70 period the pattern of funding
shows some change. Since the 1968-69 period fellowship and traineeship
support has decreased nearly six-fold. Funding from federal grants
and contracts remained approximately the same for the 1970-71 period
as for the 1969-70 period. The considerable increase in federal funding
over the 1967-69 period was due largely to the participation of the
Engineering School in the University Sea Grant program. Some increase
is noted in funding from private and state sources.
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REPORT IN ASEE ANNUAL DIRECTORY

OREGON STATE UNIVERSITY

SCHOOL OF ENGINEERING
Corvallis, Oregon 97331

1. Officers
President; Robert MacVicar
Dean of Eng.: Fredrick J. Burgess (Acing)
Chairmen of engineering departments or divisions: Agricultural Eng.,

Dale E. Kirk (Acting); Chemical Eng., C. E. Wicks; Civil Eng., Fredrick J.
Burgess; Electrical & Electronics Eng., L. N. Stone; General Eng., 3. C.
Campbell; Industrial Eng., James L. Riggs; Mechanical & Nuclear Eng.,
James R. Welty, (Acting); Metallurgical Eng., Roger D. 011eman

I-lead of research administrative unit: F. J. Burgess, Director of
Engineering Experiment Station

Directors of major engineering or engineering-related research organiza-
tions; J. C. Knudsen, Engineering Experiment Station

Address admissions inquiries to; F. J. Burgess, Dean of Engineering
(Acting)

2. Number øf Faculty
The combined total of full-time engineering faculty in the three profes-

sorial ranks is 100. The combined total of full-time and part.time instruc-
tors and other faculty is 8.

3. Graduate Degree Requirements
Master's: Forty-five quarter hours of approved graduate credit; average

of at least B; 1 year of residence; thesis optional with departments;
foreign language not required.

Doctorate: No specified credit requirements; total program about 130
term hours, with about 80 in the major field and 40 in two minor fields or art
integrated minor; thesis usually 45 to 50 term hours; reading ability in 1
or 2 languages depending upon department; comprehensive examinations;
thesis.

Other: (Professional) Master's from university or 12 term hours of
graduate work completed in residence; thesis. (Master of engineering)
Same as for master of science except no thesis is required; no residency
requirement.

Tuition for all students is $408 per year.
Theses may be written in absentia.

4. Off-Campus or Extensi as Centers for Graduate Study
Division of Continuing Education, Portland

Table AFaculty, Enrollment, end Graduate Degrees Granted

Enrollment, Degrees Grunted,
Fall 1970 1969-70

Degree Program Faculty Master's Doctorate Master's Doctorate

Agricultural Eng. 0 I 2 0

Chemical Errg. 6 7 9 1

Civil Eng. 22 40 17 19

Elect. &

Electron. Ermq. 18 43 12 16

Industrial Fog. 4 10 5 1

Mechanical Fog. 17 24 II 9

Nuclear Fog. 4 5 3 2

Metolrqrcal Fog. 5 4 3 0

Total 134 66 48 13
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Table BAppointments Available to Graduøte Students

Academic Load
Title of Appointments Allowed, in Stipend for

Appointee Available Credit Hours Academic Y.' ($)

Quarter
Research

east.' 22 12 2800-3000
Research

8 12 2800-3000
FWPCA trolnee 5 15 3000'
NSF lriuirreo 7 15 2400'
NASA fellow I 15 2400
NIH trainee 1 IS 2400'
Ind. fellow 4 IS 3000-4500
Teaching

ansi. 30 12 2800-3000
USBU fellow 1 IS 2200
AEC trainee 2 IS 30004500

'Stipend not subject to income tax withholding if work for which appoint-
meat is made is in partial fulfillment of requirements for the advanced
degree.

'Appointments on sponsored research projects.
'State-supported research assistontships.
Plus $500 for each dependent; based on 12 months.

5. Research Area of Accepted Doctoral Theses
Chemical Lag.: transport pheriomena-2; Civil Eng.: waste disposal;

Electrical Lag.: holography, computer logic, simulation, networks; Me-
chanical Eng.: boiling, air sanitation; Metallurgical Lag.: single
crystals-2; Nuclear Eng.: fast reactors

6. Personnel Engaged in Separately Budgeted Research, 9/15/15
Professorial faculty 60
Graduate students 125

Total 185

7. Research Expenditures by Source of Support
Federal government $725,000
State and local government 125,000
Private, nonprofit organizations 30,000

usiness and industry 20,000
Other 70,000

Total $970,000

Table C_Separately Budgeted Research ExpendItures

Engineering College Unit No. of Projects Expenditures (5)

Chemical Fnq. 15 30,000
Mass trans fer 7

Chemical reactor eng. 3

iwo phase flow 3

Electrochemistry 2

Civil Enq. 29 390,000
Construction research 3

Hydrodynamics 5

Hydrology 3

Sanitary eng. 10

Soil mechanics 2

Structures 2

Highway research 2

Electronic surveying
Electrical & Electronics Eng. 20 100,000

Network studies 3

Solid stir tn-integrated circuits 8

Man-machine interactions
Remote sensing I

High voltage transmission 3

Digital systems 2

Underwater acoustics 2
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Table C-5eparotel Bsdgeted Research Expeitditures_Contjnuej

Engineering College Unit No. of Projects Ependtiures ($1

lrvittiol Erig. 6 41,000
Copitol cudgettag 1

Decisionrrrokinq
Sr'ofood harvesting & process-

ingsys teats design S 3

Simulation 1

Mechanical Eng. 23 275,000
Fluid mechanics 3

Air pollution research IS
F nq. mechanics 3

Heat transfer 2
Molallirgicol Lag. 3 .10,000

Fracture mechanics I

Material properties 2
Deformation I

Diffusion I

Ncleor Eng. 5 48,000
Nuclear fuel management

Thermal hydraulics
Neutron radiography 2

Fast reactor computation 1

Total 111 914.000

Table DErtgineering Related Research Outside the Engineering College

Units Outside
the Engineering College No. of Projecte Lp.ndItares ($)

Agricultural Eng. 10 56,000
Irrigation S drainage 4

Mechanical harvesting 2

Pollution control 4



1970/71

SUMMARY

RESEARCH AND TRAINING ACTIVITY

SCHOOL OF ENGINEERING

Fellowships and Traineeships (Federal)

Industrial and Private Sources

Federal Sources

All State Sources

TOTAL

Amount

Zl,700 2.1

85,800 8.3

703,450 68.5

217,230 21.1

1,028,180 100%

4



OREGON STATE UNIVERSITY
SCHOOL OF ENGINEERING

RESEARCH AND TRAINING ACTIVITY - 7/1/70 to 6/30/71
Dept.

Instruction
Fellowships & Industrial State EES & Related Total Faculty

Department Traineeships & Private Federal Agncy RA's Research $ Hours /week'
Agricultural
Engineering 3, 500 (USD1) 72, 450 75, 950
(Res. funded (thruAES)
thru Ag Exp Sta)
Chemical
Engineering 2,700 (NDEA) 5,000 (Shell) 9,000 (NSF) 3,000 2,850 31, 550 39

6,000 (FWQA)
3,000 (USBM)

Civil
Engineering 11,000 (NSF) 6,400 (AGC) 9,000 (NSF) 6,000 ECC 3,160 3,100 365,250 13

15,000 (Hill) 203, 100 (FWQA) 17,470
15,080 (USD1) (Sea Gr)
50,000 (C of Engrs)
25, 940 (NSF, NOAA)

Electrical
Engineering 4,000 (NSF) 7,400 (Tek- 10, 600 (NSF) 15,300 3,000 4,200 86, 080 58

troniks) 10,200 (BPA) (Sea Gr)
4, 000 (NOO)

27. 380 (NSF. NOAA) ________________
L,eneral
Engineering 7,000 (P1-IS) 7,000
Industrial 11,000 EGG 3,760 35, 950 9

Engineering 10,110 (NSF, NOAA) 11,080
(Sea Gr)

Mechanical & 4,000 (AEC) 20,000 (Nuc. 25,370 (DOD) 6,350 1,300 248,720 52
Nuclear Chair)
Engineering 7,000 (NWN Ga8) 20, 840 (AEC)

126,530 (PHS)
3,700 (NSF,NOAA)

33,630 (FWQA)
Metallurgical
Engineering 3,730 (NSF) 2,810 400 6,940 28

Engineering 10,000 (NGASI) 55, 740 (NOAA, NSF) 50, 000 170, 740
Experiment 15,000 (NCASI 40,000 (Themis) (EES Budget)
Station Aquatic Biol.

TOTALS 21,700 85,800 703,450 60,850 18,320 138,060 1,028,180 199

* Not supported by any 61 the funds indicated in other columns.



RESEARCH AND GRADUATE TRAINING SUPPORT

SCHOOL OF ENGINEERING

Department Agricultural_Engineering

(Research funded through Ag. Exp. Sta.)

Principal Grad. Amount
Investigator Student(s) Project and Source

Backus Mechanical Cherry Harvester 3,000 (state)

Bonlie Portable Field Incinerator 24, 000 (state)

Booster Harvesting and Handling of Crops 4, 500 (state)

Brooks Drainage of Stratified Soils 23,000 (state)

Brooks Infiltration onto Sloping Lands 3, 500 (USD1)

Cropsey Filters for Animal Wastes 4, 000 (state)

Long Air Supported Plastic Greenhouses 450 (state)
Page Field Burning Air Pollution Abatement 2,300 (state)
Vance Irrigation Water Forecasts 7, 200 (state)
Wolf Dynamics of Flow into Drainage Facilities 2, 000 (state)

Wolf Sprinkler Irrigation Systems 2, 000 (state)

TAL
Not suDported by funds in previous column,

e. research done as part of regular faculty appointment.

$75,950

Faculty
Time (Hrs/Week)*
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RESEARCH AND GRADUATE TRAINING SUPPORT

Department Chemical Engineering

Principal
Inve stigator

Fitzgerald
Knuds en

Knudsen

Knudsen

Knudsen

Knudsen

Levenspiel
Meredith

Meredith

Meredith

Mra zek

Mr a z e k

Wicks
Wicks

Wicks

Wicks

Wicks

Grad.
Student (s
Lai

Dev

Vie r r a

Vie r r a

Gaibraith
Mohande s

Khang

Lee

Fan

Hill

Wailer

Chatlynne
Hauxw ell

SCHOOL OF ENGINEERING

Project
Mixing in Flow Vessels

Flow of Dispersions
Climbing Film Flow

Climbing Film Flow

Turbulent Mixing in Rod Bundles

Pressure Losses in Rod Bundles
Catalyst Deactivation
Solid Electrolyte for Battery Application
Reaction Kinetics with Electrode Studies

Onion Oil Extraction

Simulation of Drying Kroll-Process Sponge

Concentration Gradients in Diffusing Binary
Mixtures

Thermal Distillation
Mass Transfer to a Plunging Stream

Henning Formation of Isomeric Ketones from n-Hexa-
decane

Lee Diffusivities of Binary Gases
Spink Absorption of Nitrogen in Water at Various

Pressures
TOTAL

ot suDDorted by funds in previous column,
1. e. research done as part of regular faculty appointment.

Amount
and Source

3,000 (NSF)

2,000 (NSF)

3, 000 (EES, R.

2,700 (NDEA)

500 (state)

4,000 (NSF)

350 (state)
3, 000 (USBM)

1,000 (state)
5,000 (Shell

Oil)

1,000 (state)

6,000 (FWQA)
31,550

Faculty
Time (Hrs/Week)*

8 hrs/week

1 hr/week
1 hr/week
1 hr/week

8 hrs/week

6 hrs/week

6 hrs/week
4 hrs/week

2 hrs/week

2 hrs/week
4 hrs/week

2 hrs/week
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Department Civil Engineering

Principal Grad.
Investigator Student (s

Bella Grenney

Bella

Bella

Burgess
Burgess

Burgess
Burgess
Burgess

Burgess

Fume r

Filmer

Klingeman

Klingeman

Laursen

G renney

Peterson
James
Emmett,
G lan z man

Dear styne

Felton,
Y amamot(

Helland -
Hans en,
Milh ous

R a mm

RESEARCH AND GRADUATE TRAINING SUPPORT

SCHOOL OF ENGINEERING

Amount
Project and Source

Computer Simulation of Eutrophication 10, 000 (USD1)

Computer Simulation of Estuarine Dispersions 6, 000 (NSF)

Tidal Flats in Estuarine Water Quality 39, 590 (FWQA)

Airphoto Analyses of Ocean OutfailDispersion 39,120 (FWQA)

(Hill
Netarts Bay Water Quality Studies 15,000 Found.)

Graduate Training in Water Quality Engrg. 84, 680 (FWQA)

Graduate Training in Environmental Engrg. 19, 060 (FWQA)

NSF - Graduate Training 11,000 (NSF)

Construction Engineering Technology 4, 000 (AGC)

The Engineer and Society 6, 000 (ECC)

Virus Adsorption on Soils

Hydrology of Water Yield Prediction

Sources and Causes of Turbidity at Hills
Creek Reservoir

Polensek Dynamic Analyses of Floor Systems

AL
Not suDported by funds in previous column,
i. e. research done as part of regular faculty appointment.

3,000 (NSF I

8,240 (USD1)

50,000 (C. of
Engrs.
(EES,RI

continued

Faculty
Time (Hrs/Week)*

1 hr/week

CD t:Ti
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RESEARCH AND GRADUATE TRAINING SUPPORT

Department Civil Engineering (cont.

Principal
Investigator

La u r sen

Peters on

Peterson

Peterson

Phillips
Pr it Che tt

Schaumburg
Schultz

Slotta;Filmer

SCHOOL OF ENGINEERING

Grad.
Student (s) Project

Shugar Finite Elements Analyses of Penstock
Bifurcation

Cheung Exact Solution for Continuous Chord
Bowstring Truss

Kao Analog Computer Solutions for Vibrating
Systems

Magruder Square Wood Beam Loaded on Diagonal
Chang Kinetics Rotating Biological Filters

Construction Grants Award
Williamso: Influence of Log Rafting on Water Quality
Emerson Electronic Surveying Errors

Applied Hydrodynamics - Sea Grant

White Bahk Torsional Vibration of Roadside Signs
White Patel Bending Analyses of Paraboloid Shelves with

Flexible Supports
White Uswarang- Analyses of Rectangular Plates with Flexiblesri Supports

TOTALNot supoorted by funds in previous column,i. e. research done as part of regular faculty appointment.

Amount Faculty
and Source Time (Hrs/Week)*

2 hrs/week

200 (state) 1 hr/week

100 (state) 1 hr/week
50 (state) 1 hr/week

400 (state) 1 hr/week
2,400 (AGC)

20,630 (FWQA)

2 hrs/week
25,940 (NSF,

NOAA)
17,470 (state)
2,150 (state) 2 hrs/week

100 (state) 1 hr/week

100 (state) ( 1 hr/week

tT1

o cj:
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Department

RESEARCH AND GRADUATE TRAINING SUPPORT

Electrical Engineering

SCHOOL OF ENGINEERING

Principal
Investigator

Grad.
Student (s) Project

Amount
and Source

Faculty
Time (Hrs/Week)*

Amort, Jensen NSF Instructional Equipment 10,600 (NSF)

Chang Shimoda Investigation of Adjustable Adsorption Coef-
ficient of Semi-conductor films by varying
Field 4 hrs/week

Chang Investigation of Thickness Measurements of
Thin Si02 Film 2 hrs/week

Herzog Duwaik Program Adaptive Computer Instruction Sets 1 hr/week

Herzog Nondia Optimal Output Control 3 hrs/week

Herzog Remote Sensing 4, 000 (Nat'l. ( ceanogr. Office)
Holmes Hun Thin Film Traveling Wave Amplifier

Holmes Seitz Digital Wave Height Sensor 1 hr/week

Holmes Yamamoto Resolution Enhancement of Fabry_Perot
Interferometers 3,000 (EES,RA

state)
Holmes Yamamoto Spatial Mode Control in Lasers 1 hr/week

H

Holmes Scattering from Moving Objects 100 (state) 1 hr/week

Holmes Infrared Coastal Navigation System 3 hrs/week
Holmes Infrared Automobile Collision Avoidance Q

System
Jensen Underwater Acoustics for Location of Edible 16, 780 (NSF, N )AA)

Marine Species - Sea Grant 3, 240 (state)
TOTAL

ot supported by funds in previous column, continued -

i.e. research done as part of regular faculty appointment.



RESEARCH AND GRADUATE TRAINING SUPPORT

SCHOOL OF ENGINEERING

Department Electrical Engineering (cont.

Principal
Investigator

Grad.
Student (s) Project

Amount
and Source

Faculty
Time (Hrs/Week)*

Looney Solid State Electronics 7,400 (Tek-
troniks)

Magnusson Wave Propogation 1 hr/week

Michael Digital Data Acquisition 300 (state) 8 hrs/week

Michael Sounds of Douglas Fir Bark Beetle 700 (state) 2 hrs/week

Park Optimization of Distributed RC networks 600 (state) 10 hrs/week

Perkins Thin Film (magnetic) Preparation and Study 2,500 (state) 4 hrs/week
tli

Perkins Fault Locator Logic System 2 hrs/week

Saugen Lankford Computer Aided Management of Salicylate 4, 000 (NSF
Intoxication fellowship)

Saugen Sohrab Control of Wall Stress of the Human Heart 2 hrs/week

Saugen Wagner Man-Machine Interaction and Computer Train.
-J

ing in a Parameter Estimation Problem 5 hrs/week
H

Saugen Simulation of Biological Productivity 10,600 (NSF, NC AA)
. .<

12,060 (state)

Stone Audible Noise Characteristics of Conductors 10, 200 (BPA)

Stone Multiple Conductor of Electrostatic Field
I-.

Calculation 8 hrs/week
-

ot

TOTAL 86 080
Not suDported by funds in previous column, -
i. e. research done as part of regular faculty appointment.



RESEARCH AND GRADUATE TRAINING SUPPORT

SCHOOL OF ENGINEERING

Department Engineering Experiment Station

Principal Grad. Amount Faculty
Investigator __ Student(s) Project and Source Time (Hrs/Week)*

Burgess &
Staff Sea Grant - Ocean Engineering Training 55, 740 (NSF-

NOAA)

Burgess -
Knudsen EES Budget (Less RA's) 50,000

Caron Aquatic Biology 15,000 (NCASI)
Caron Sulfite Waste Liquor & Air Pollution Control 10,000 (NCASI)
Knudsen Project Themis 40,000

TOTAL $170, 740Not suDported by funds in previous column,
i. e. research done as part of regular faculty appointment.



RESEARCH AND GRADUATE TRAINING SUPPORT

SCHOOL OF ENGINEERING

Department General Engineering

Principal Grad. Amount Faculty
Investigator Student (s) Project and Source Time (Hrs/Week)*

Staton Environmental Engineering and Management
Factors for Urban and Regional Planning of
the Willamette Valley 7,000 (EHSC)

(PHS)

TOTAL
Not supported by funds in previous column, $7, 000
i.e. research done as part of regular faculty appointment.
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RESEARCH AND GRADUATE TRAINING SUPPORT

Department Industrial Engineering

Principal
Investigator

Engesser

Engesser

In ou e

Inoue

Inoue

Inoue

Inoue

Inoue

Inoue

Grad.
S

SCHOOL OF ENGINEERING

Proj e

Cholvanich
Adams,
Slack,
Walls,
Willis Sea Food Industry Standards - Sea Grant
Fitzwater Sensitivity Analyses of Sea Food Processing

Variables
Rawal Saury Research (included w/WFE)

Rao Inter-Institutional Plan for Industrial Engin-
eering and Data Processing Technology

Shirland Information Models for Marketing

Study of Orthogonal Design of Experiments
Simulation Study

Job Shop Scheduling

Love
FPuranmulk Q-R Inventory Models

Riggs Andrade Quality Analysis of a Self-Purging Paperwork
System

TOTAL
Not supported by funds in previous column,
1. e. research done as part of regular faculty appointment.

Amount
and Source

10,110 (NSF,
NOAA)

11,080 (state)

(900) (NSF,
NOAA)

11,000 (EGG)

300 (state)

760 (state)

900 (state,
Gomp. Cen

900 (state,
Gomp. Cen)

900 (state,
Comp. Gen

continued

Faculty
Time (Hrs/Week)*

1 hr/week

1 hr/week

2 hrs/week

2 lirs/week

1 hr/week

c t:xj

0 ' Cn

(DC)

I.-.

.
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RESEARCH AND GRADUATE TRAINING SUPPORT

SCHOOL OF ENGINEERING

Department Industrial Engineering (cont.)

Principal Grad. Amount Faculty
Investigator Student (s) Project and Source Time (Hrs/Week)*

Riggs Chiu Scheduling Algorithms for Repetitive Projects 1 hr/week

Riggs Hansen Capital Budgeting 1 hr/week

TOTAL $35,950Nt ported by funds in previous column,
i. e research done as part of regular faculty appointment.



RESEARCH AND GRADUATE TRAINING SUPPORT

SCHOOL OF ENGINEERING

Department Mechanical & Nuclear Engineering

Principal
Investigator

Grad.
Student(s) Project

Boubel Junge,
Nels on,
Anderson Graduate Training in Air Pollution

Dahike Browniow Applied Hydrodynamics (Sea Gr. incl.w/CE)
Davis Siegel Transient Temperature Response in X-ray

Targets

Davis Supersonic Wake Studies

Hughes Reichal Waste Fuel Burner
Hughes Mint Distillation Equipment

Johnson Basset Unitary Vehicle Control

Kinney Threadline Dynamics

Larson Heat Transfer and Fluid Mechanics of
Separated Flows

Mingle Marshall Mechanization of Fishing Gear-Sea Grant

Mingle Rossman Methane Fuel Exhaust

Ringle Akomine Atmospheric Studies of TRIGA Reactor
Effluent

Ringle Phoenix Instrument Calibration Facility

Amount
and Source

126,530 (PHS)

(6, 000)

Faculty
Time (Hrs/Week

3 hrs/week
1 hr/week
3 hrs/week
2 hrs/week
2 hrs/week

550 (state) 10 hrs/week

3,700 NSL',
NO\A)

7, 000 (NW
Nat. Gas

1, 500 (EES,
RA)

TOTAL
t suuoorted by funds in previous column, continued

i. e. research done as part of regular faculty appointment.

12 hrs/week

3 hrs/week

2 hrs/week

CD I'i
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RESEARCH AND GRADUATE TRAINING SUPPORT

SCHOOL OF ENGINEERING

Department Mechanical & Nuclear Engineering (cont.

Principal
Investigator

Grad.
Student (s) Project

Amount
and Source

Faculty
Time (Hrs/Week)*

Ringle Tang TRIGA Flux Measurements 1,350 (EES,
RA) 2 hrs/week

Robins on,
Wang Olson Model Methods for Fast Reactor Spectra 2, 000 (AEC)

Robinson Porter Neutron Radiography Studies 25, 370 (DOD)

Robinson,
Wang Stout Nuclear Fuel Cycles 2, 000 (AEC)

Smith Dynamics of Cable Systems 3 hrs/week
Wang Elec. Industries - Nuclear Power Chair 20, 000 (Indus-

try)
Welty Bassett An Experimental Study of Heat Transfer in the

-)(D C)

Thermal Entry Length Region of Non-newton- C)
ian Fluids 3, 500 (EES,

RA) 3 hrs/week
Welty Etchart Thermal Entry Length Heat Transfer Studies

for Powell-Eyring Fluids in Pipes 750 (state) 2 hrs/week
Welty Kim Natural Convection in Vertical Slots 2 hrs /week
Welty Trent,

Loity Thermal Plume Dispersion 33, 630 (F'WQA

Welty White
Coiwell Heat Transfer in Liquid Metals 20, 840 (AEC)

Zaworski Stock Flow-Coupled Diffusion 2 hrs /week
TOTAL

oorted by funds in previous column, $248, 720
i.e. research done as part of regular faculty appointment.



RESEARCH AND GRADUATE TRAINING SUPPORT

SCHOOL OF ENGINEERING

Department Metallurgical Engineering

Principal
Investigator

Grad.
Student (s) Project

Amount
and Source

Faculty
Time (Hrs/Week)*

Bainbridge Reduction of Nickel Laterites 200 (state) 12 hrs/week
McComb Blickens-

derfer Dispersion Strengthening in Tungsten Alloys 4 hrs/week
McComb McBee Precipitation in Aluminum-Copper Films 200 (state) 4 hrs/week
McMullen Sokaski Deformation of Yttrium 3, 730 (NSF)

McMullen Sokaski Deformation of Yttrium 2,810 (EES,
RA) 8 hrs/week

TAL 6.q4n
ot uuorted by funds in previous column,

1. e. research done as part of regular faculty appointment.
GRAND TOTAL $1,028,180



osu ENGINEERING SCHOOL PIOPOSALS 1970_1971* 19

01-07 CE-N EES-7r/7 USOE B'JRGESS 178,20i 03Y TECH EDUC CONSTR
02-O8NEI-N 70/71 NSF WANG 109,500** 03? ENV IMP NUC POWER
02-09 EE-N 70/71 NSF AMORT 6,240 02M UGRAD RES PRTIC
04-09 CE-R EES-70/71 PHS BURGESS 19,05 01? EV HLTH TRNEE
05-09 CE-N EES-70/71 USD1 KLINGEMAN 25,06 01? EFF 4ATERSH STR SED1
06-10 CE-N 70/71 NSF BURGESS 174,500 03? TECH EDUC CONSTR
07-10 ME-N EE5-7/7i NSF ZAWORSKI 35,700 02? FLDW-COLJPLD DIFFSN
08-11 CF-N EE:S-70/71 NSF FILMER 11.525 lOW STDNT ORIG STUDIES
0-fl CF-N EES-70/71 NSF FILMER 14,060 11W STDNT CRIG STUDIES
10-1IEEE-N EE5-70/71 NSF HOLMES 14.900 iBM AUTO COLSN AVDCE SYS
11-li WE-N E5-70/71 NSF REISTAD 16.100 18W TOTAL ENERGY SYSTEMS
12-11 NE-M 70/71 NSF RINGLE 11,900 12W STDNT ORIG STUDIES
13-li NE-N EES-70/71 ('4SF THRESHER 16,100 16W SEMICIRC SURF CRACK.
14-11NEI-N 70/71 EC WANG 01? TRAINEESHIPS
15-11EES-N EES-70/71 DOT KNUDSEN 544,290** 03? TRANSPURTN RESEARCH
16-12 NE-R 70/71 DOD ROBINSON 31,687 O1Y NEUTRON RADIOGRAPHY
17-01 ME-N EES-70/71 NSF LARSON-DAVIS 40,953 02Y SPRTD REGIONS-BENDS
18-01 ME-N EE5-70/71 WRRI LARSON 20,020 33Y STRFD FLOW IN bENDS
18-C1CHE-N EES-70/71 NSF KNUDSEN 90,090 05? TURE MIX FLOW CHANL
2C-01 CE-N EES-70/71 WRRI BELLA 7,900 02? BENTHAL SULFD RLESE
21-01 CE-R EES-70/71 WRRI KLINGEMAN 5,000 01 ENGRG HYDROLCGy
22-Cl CE-N EES-70/71 RRRI SCHAUMBERG 17,000 02Y BENTH BARK DEPOSITS
22-01 ME-R EES-70/71 AEC WELTY 19,974 O1Y NTRL COHV LO METALS
24-01 IE-N EES-70/71 PH5 RIGGS 114,298 OSY HOS? ENSRG TRNG
25-01 CE-N 70/71 WRRI SCHROEDER 14,600 02Y PERM CMPCTD SOILS
25-01 CE-N 70/71 NRRI SLOTTA 14,900 02? AIRPHTO STDYS RESVRS
28-01 ME-N ES-70/71 PHS BOUBEL 58615 01? MESO-NETEOR STUDY
29-01 ME-N EE3-70/7]. PHS DAHLKE 34,275 0i( STRUCT ANAL TEETH
30-01 CE-R EES-70/71 USD1 BELLA 40,492 01 TDL FLTS WTR QUAL
3i-01EEE-N EES-70/71 PHS SAUGEN-LARSON 75,69U O1Y MGMNT ASPIRIN POISNG
32-01 CE-N EES-70/71 ARMY SLOTTA 21,411 02? FLD TDYS RSVR CRNTS
33-01 CE-N ES-70/71 ARMY SLOTTA 37,610 OIY DNSTY CRNTS

-C2 CF-N 70/71 ARMY KLINGEMAN l,00( 01? SDMNT TRSPRT FRST ST
-12CHE-N EES-70/71 NSF LEVENSP-FITZG l9679U 05? EF.F STM FLUID BED BL

35-2 CE-R EPS-70/71 EPA BURGESS 68,290 OIY GRA TR WA ou ENS
37-03 CE-N EES-70/71 ECC FILMER 1-,'320 O1Y COMMUNITY UNIVERSITY
38-04 ME-R EES-70/71 PHS BOU8EL 104,743 O1Y GR TR AIR POLL CONTR
39-04 ME-N EES-70/71 ONS THRESHER 22,640 O1Y STRESSES NEAR SUR CR
4C'-P4NEI-N 70/71 PHS WANG 385,03* Ply ENV IMP Nuc POWER
41-PS WE-N-EES-70/71 PHS DAHLKE 32 52 01? STRUC ANAL TEETH
42-CSEEE-N-EES-70/71 USD1 ENGLE 15 030 01Y SYNCHR MACH MODELS
4-C9EEE-N 70/71 NSF HERZOG 58 004 02Y APPL AMA REMOTE SENS
44-05 TE-N-ETS-70/71 NSF INCUE 40 890 P3W SOCIAL SYST ENG
4-.5-CE-N-E0S-70/7] NSF SCHAUMBURG 64 077 02? CON TOX POLL BICASS
L.s--TE-N FES-72/71 NSF SCHROEDER 33 335 OEY SLIDE CONT SLOPE REV
47-fl5-CE-N-E5-70/71 NSF SCHULTZ 56 '379 05W PHOTOGRAM COLL TEACH
4S-5-CE-N-EFS-70/71 NSF SLOTTA 346 414 0'Y SPOIL DISTR EST EFFS
4-CS-CE-N-EES-70/71 HILL SLOTTA 71 610 03? BA? DC WA EXC NETART

* DOES NOT INCLUDE SEA GRANT PROPOSAL

** INTERDISCIPLINARY PROPOSALS IN WHICH ENGINEERING PARTICIPATED



OSU ENGINEERING SCHOOL

SOURCE OF RESEARCH AND TRAINING GRANT SUPPORT

Sour ce

Fellowships & Traineeships
(Federal and Industrial)

Federal Grants and
Contracts

Private Industry and
Foundations

State

1970-71 1969-70 1968-69 1967-68

Amount Amount % Amount % Amount

$ 21, 700 2. 1 $ 88, 000 9.4 $144, 000 20.3 $120, 000 24.0

703, 450 68.5 690, 000 73.9 433, 000 61.0 275, 000 55. C

85, 800 8.3 24, 000 2.7 33, 000 4.6 45, 000 9.0

217,230 21.1 131,000 14.0 100,000 14.1 60,000 12.0

$1,028,180 100.0 $933,000 100.0 $710,000 100.0 $500,000 100.0

C
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1969-70 1970-7 1
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SCHOOL OF ENGINEERING STATISTICS

ENROLLMENT AND DEGREES

Year

Enrollment

Undergraduate Graduate B.S.

Professional
Degrees Awarded

M.S. Ph.D.

1970-71 1726 182 335 52 17

1969-70 1810 188 300 48 13

1968-69 1800 166 347 47 14

1967-68 1717 172 266 43 15

1966-67 1566 149 248 39 11

1965-66 1493 137 222 41 8

1964-65 1388 122 269 42 9

1963-64 1408 117 223 37 4

1962-63 1418 101 209 47 1

1961-62 1278 83 252 38 5

1960-61 1275 83 257 26 --
1959-60 1334 59 311 29 1
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OF

THE SCHOOL OF ENGINEERING
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970- 71



FACULTY

A(F PA('KIJS.DCNALD A 3 21
A(E RsTF1R,DEAN E
AC,f RR1<S,pCYAL H 22F 22H 22K
ArF CHISTENSEN,LENC V 3
A( RpSY,MYR G I
ArW K!(,0ALE E 34 3c

AC 1O'1,DAVIO P 3 3t* 38
A( PA(,GLEN E 38 30/F pCrPS,JEFFERSCN P 38
A(F ci 0,F4ERBERT q 3 21 444
A(F wCI.FF,JOHN W 424 484 22F
CHF FIT7rFRALD,THCMA$ j

c C,LFESN,GECRC, w 7 3
C$4F KNIthSEN,JAMES G 19C 22 33
C'E LEVE4SP!EL,OCT#VF
(i.w MPEr)ITH,RC8FPT jA
C4 MP4ZEK,RBERT V 31! 33 47
CW WALTN,JESSE S 7
C WICKS,CHARLES E 7B 30 4A4
CTVE PECFT,GR0N w 24 13K
CTVE PELL,RICHARO .l j3H 4?R
CTVE RELLA,DAVID A IOH 338 i 410 41G
CTV PUPGESS,FREORICK J 21 218 41 41K 4jL

CTV FjLjEQ,RBEPT W 18 13N 2?F 22 7211 2 42c
CTVF HLCM,GLENN w 44
CTVF .J4.IFS,WESLEY p 41 454
CTVF KLTJCEMAN,PETER c 22E 22J 2AC 48 488
CTV LABA,N,GFCRGF B 12 208 218 40
CTVE LAIJSN,HARLD I 34B 44
CtVF MCCLrL(AN,THOMAS J 31J 38 44
C1V ME7F4,D4VID F 45 4SC
rTVE iT..4CRAFT,MARTpl F 41 411 4j1( 41L 48 4C 48 49
CIVE PETFSN,JHN 349 34c 44
CIV! PHELDS,RBERT ! 24 20 17 13C 3K M 22r
CIV! PHTLLIPS,DCNALD C 41
CTVF PRITC4ETT,HARCLD fl 14 23C 274 34 188 44!
CTVF cCHAUMBEPG,FRANK 0 41
CIV! cCP!r)EP,w L 1314 428
CIV! SCI-It.JLTZ'RCB!PT J 45 454 438
cTvE cEr)ES,JOHN 4 45 434 45C
CIV! SLTTA,LAR1Y S 104 22 26 46
CIV! ST!PENS,CHAPLEs 1 44
CIV! WHTT!,WILLIAP'1 H 44L
FFF LFXANDER,C,EIALr) C j5
EFF AMT,O'JAL0 L 17
EFV CH4'1G,CHENGCHENG 17! 17!
fF rNC,LE,JCHN F 104 IOH 190
F!! FET1<ERT,GRANT s

FF F7,JAMES H 6 1OC irw hF
FF HL4FS,J FRE() 9 15
Fr! JEiS!N,LELANfl C 18 17B
FF! LZ1!Y,JAMES C 17!
FFI M4(j1JSS,PHILjP C 178 17!



F-Fi MESECAP,RZflER1CK S
FF- HICH4FL,RCRERT p
FFF TH(IS,HENDPIK j
EFF PAPK,SCNG B
!FF PEp<TNS,HARLEy A J
EE SA,PGFN,JCHN L
EFF SHI,RCRERT A
FF STiE,Lc(JIS N
FEE cTCJ!,SCLN A
FE WEP,LNARD j
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GF CAMPELL,JCHN C
(E CRCF.HCWARD L

(APpPfl,JAMES L
(F C,PAy,JAMES L
GE HATIH,MAPVIN R
(F jAPV!,ALBEPT C

STICN,W4RREf4 S
IN')F FNGFSSER,WILLIAM F
IbiriE TNUE,MIcI-4AEL S
TNrE LCVF,STEPHEN
Iin PTr,(S,jAMES L
MFCH PCIJBEL.RICHAPD W
MFCH flA-4LKE,HANS J
MFC r)4VTS,LCRIN p
MECH HU(IES,APTHijP 0
MrrH JCi-P'JSCN,LINW000
MECH KIJ!.JFY,J RCLLY
MF(H LASCN,MILTCN B
4CH MINGLE,JCHN G
MFCk MCPRTS,cHARLFS
MFCH H

MFC PETSTAI),GCPDCN M
SLEGAL,LCHIS

M-i-i SMTT..1,(HARLES F
MF cMTT.4,WESLEV W
MF-4 lHCP.4B1JRGH,GECRGF F
MFk THRESHER,R w
MEc4 WELTY,jAMES P
MFCH WILSCN.RCBEPI E
MECH 74ISKI,RCBEpT j
MET FPA7TEi.?,LLCY[) M
MF-T 4Y,YM4N fl

MET PIFSLAND,EDWARD F

MET PLCy,4SA A
MET SNEELY,MTLTCN c
MET WILSCN,RCBERT c
MILE RATiBPIDGE,DC(iGL4S W
MILE
MILE MC4H,JCHN
MILE M(1ULLEN,WILLI41 0
MILE CLL!MAN,RCGEH
MILE PAASCHE,CLAF G
NIIC, UP.LAMA P

NIICL PUGER,LELANfl L
N1!CL HCPNYIK,KARL
NUCL MC!,RILL M
NIr.L PINLE,JCHN C
NIPCL PC1'JSCN,ALAN H
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SPECIALTIES

ACOUSTICS
A) MEASUREMENT AND rONTROL
R) LLTASCNICS FILMER,p'RR1 w JENSE'j.LELANr C

2 AFRSPACE ENGINEERING
A) 4qPORT DESjIN BEECROFT.GORDCN W PHELS,RBERT E
R) AERODYNAMICS MCpIS,CHApLES C
C) AEROELASTICITY M3RIS,CJ4LES
0) MISSLE BASE CONSTRUCTION AND DESIGN PHLPS,PBRT E

AGRICULTURAL ENGINEERING BArKUS,rNaL0 A CHRISTE'SJSEN,LENC V CRS.YPON S
LOIG,DAVTD P StNNARD.I4ERR!RT P

4) coP PROCESSING KIRK.DALr F LONG,DAVID HUG S,THUR D

B) FARM POWER AND MACHINERY BGOSTER.rEAN E LONG,DAVID P PAE.GLN F
RCNGEPS,JEFFERSON B

c) FOOD ENGINEERING KIPF(,DALr F
4 ATMOSPHERIC SCIENCES SEAOERS. JOHN
S AUDIO VISUAL EQUIPMENT CR0FF,HAp0 L

RICENC,I4EERING HEpZCG,JMES H MICHAEL.ROBEPT P STNE,S'L0N A

7 CHEMICAL ENGINEERING GLFESCN,ECRGE W WALTC.J,JESSE S BUPGEP,LELAND L

A) CHEMICAL REACTION ENGINEERING
P) TRANSPORT PHENMENA WICKS,CHARLES E WELTY.JAMES

R CHEMICAL (INETICS
A) REACTOR DESIGN LEVEMSTcL,CCTAVE

9 COMMUNICATION FETERT,GPANT S HCLMES,J FRED wEREP,LCNAPD J

4) DATA TRANSMISSION
B) MiCROWAVE
C) RADIO
0) TELEPHONE
F) TELEVISION
F) VIDEO RECORDING AND REPRODUCTION

10 COMPUTERS INOUE.MICHAEL S
A) APPLICATION SLOTTA,LARRY S ENr,LE,JOI4N F
B) AUTOMATA THEORY SHORT,RORERT A STCNE.LCIIIS N
C) CYERNETICS HEPZOG,JAMFS H INOUE,MTCHAEL S
o) oSIGN
E) hyBRID COMPUTATION HEp2CG,JME5 H SAUGEN,JCHN L
F) LCXCAL DESIGN SHRT,RERT A SMITH,WESLEY w
G) MEMORIES PERKINS,MARLEY A JR
H) SIMULATION ELLA,D4V!D A EMGLE.JCMM F STOE,SLC.I

I) SYSTEMS STONE,LCIIS N
11 rONTROL RIESLAND,EDWARD F

A) COMPETANCE AND RFL!AB!LITY
R) DYNAMICS
C) LEARNING CONTROL SYSTFMS SAuGEN,JHN L
0) MEASUREMENT



E) SPECIAL AREAS
F) SYSTEMS HEQZCG,JAMFS H PE0K1.JS.HARLEY A JR SA!UZFN,JCPIP.j L

STCNE,SCICN A ENr,ES5EP.WILtIA1 F
12 CCNSTPUCTICN LAAU4,(cCpGE PLS,RCBERT E GRAy,JAES L

13 r1ESIGP.j

A) AUTCMCTIVE PA,,L,WILI!AM H RETSTAD.(CRDCN M
) CC'1P(JTER AIDED SMTTH,wFcLrY W

C) CC'JCRETE PHLPS,PRERT E
11) CCLING TCwERS SMtTH,WrLY W
F.) DYNM1C
F) EARTH DAMS
C,) FCTINGS
H) FCLJNDATICNS BELL,RICkARD J SCHRCEDER,W L
I) Ft,RtJITURE

J) rCVENRS 5M1TH,wcLFY W
K) HIGHWAY BEFCRCFT.GCRDCN W PHLPS,RBERT E STA1CN,'ARPEN S

L) jj(S AND FIXT)IES
LIGHTWEIGHT CCNCPETE PHFLPS,R.BFRT E

N) 1ACHINE FILMER,R'RrRT w JCHNSCN.LINWCCD E
C) jECNANISMS
P) PLASTIC ANALYSIS
t)) PIFR PLANTS
R) PCtUCT
S) REACTCRS (CHEMICAL) ANO vESsELS
1) RETAINING WALLS
U) RIGID FRAMES
V) SHELLS
W) STEEL
X) STRUCTURAL
Y) T1'RER
Z) TCCL RIFSLAJr1,EDWARt, E SHFELYOATLTCN C

14 ECCNCMY PRTTCHETT,HARCLD 0 R!)r,S.JA1ES L
15 FLECTPICAL ENGINEERING ALFXANDFP,GERALO C HCLMES,J FRED CCRIMtJYS,MFNJr1RIK J

SAt,GEN,JCHN L STCNE.LCUIS N STCMF,SLCN A

A) I4TGH VLTAGE
B) MAGNETIC DEVICFS AND MATEPTALS PEPKINS,MARLEY 4 JR

16 FLECTPCCHENIISTRY MEREDITR.R3!RT E
A) qATTEPIES
B) CCRDCSICN
C) FLECTRCHEMICAL CELLS
D) FLECTRC DEPCSITTCN
E) ENEY CCNVERSICN

17 FLECTPCNICS AMRT,DCAL() L MESECAR,RDERICX S MICI.IAEL..RCRERT R

A) CIRCUIT RELTAc3!LITY
R) CIRCUIT THECRY AND DESIGN JENSEN,LFLAND C MAc,NUSSN,PHILIP C
C) DISPLAY DEVICES
0) INSTRUMENTATICN MICNAEL.RCERT P WEBER.LENARD J
E) LASER CPTICS CHANG,CHFNCHENG
F) MATHEMATICAL ASPECTS MAr,NIJS5C.,DHILIP C
G) NETWCRK THECRY PApK,Sr q
H) PULSE CIRCUITS
I) SCLID-STATE CHANG,CHNJr,CHENr3 LCCNEY,JAMES C PEPqNS.HAPLY A JR

J) SWITCHING AND CCDING SHPT,REqT A
18 FNERGV PCDUCTICN AND USE PAt,L,WILI 1AM H

A) 4UTCMCTIVE HUV)ES,AQTHUR D M!NGLF,JN c
R) ELECTRIC POWER
C) ELECTROCHEMICAL



D) ENERGY CONVERSION
F) FUELS. COMBUSTION

F) NEAT POWER
C,) SOLAR POWER

19 ENERGY TRANSFER
A CALORIMETRY
B) ELECTRICAL TRANSMISSION SYSTEMS
C) NEAT TRANSFER

r,) DFR SYSTEMS
F) SUDER CONDUCTION

20 FNGINFEPT'JG EDUCATION
A) Er)UCATICNAL METHDS

) CCNSTR(JCTICN EDUCATION
C) LATIN AMERICAN EnUCATION

21 ENVjRONENT4L ENGINEERING

A) CITY PLANNING
B) PLANNING AND DEVELOPMENT

C) tJPR#N AND REGIONAL DEVELOPMENT
22 FLUID MECHANICS

a) CANALS
B) GAS DYNAMICS
C) GROUNDWATER MOVEMENT
)) HYDRODYNAMICS
F) HYTPCLCGY

F) IRRIGATION AN DRAINAGE

G) MEASUREMENTS
H) poUs SOLIDS
I) RIVER SYSTEMS
J) SEDIMENT TRANSPORT
K) TWO PHASE FLOW

23 GRAPHICS
4) DESCRIPTIVE GEMETRY
B) INDUSTRIAL DRAFTING
C) TNDUSTRIAL PHCTOc,RAPHy

24 HEATING, AIR CONDITIONING ANn REFRIGERATION
A) CONSTRI)CTICN
B) PLANT DESIGN
C) TFSTINC,

75 HIGH VOLTAGE
A) CORONA
B) RAtO NOISE

26 HYDRAULICS
A) HYDRAULIC MACHINERY

PUMPS9,

C) RIVER AND COASTAL MyDpAULT5
D) TURBINES

77 INDUSTRIAL ENGINEERINC,

A) CONSTRUCTION MANAGEMENT
B) HUMAN ENGINEERING
C) OPERATIONS RESEARCH
D) PROCESS SYSTEMS SIMULATION
F) SAFETY
F) SYSTEMS ANALYSIS
G) SYSTEMS ENGIMEFRTJG

HJHES,APTUR 0

HUC,HES,ARTHUR D
HUC,HES,ADTHUR 0

KNtJDSEN,JAMES G
WILSON,PCBERT F
ENGLE,JCNN F

CAMPBELL.JOHN C
ENC,ESSER.WILLIAM F
LABAUN,FOqGE B
GADRARD,jAMES L
8Ar,KUS,nNALD A

ENC,ESSEP.WILLIAM F
BURGESS,FRFDRICK J
STATON.RREN s
STATON,wRpEN S
)<NIJUSENI,.JAMES G

L4OSON,MTLTON B

DAvIS,LtN R

FILMER,p'BFRT w

BROCKS,ROYAL H

FILMER,P"BFRT W
BRCOKS,ROYAL H

KLTNGEMAN,PEIER C
BRcCKS,Y4L H
CROFF,HCWARD L

CRFF,HOWAJ) L
PRTTCHETT,MAPOLD D
THORNBLJRC,H,GEORGE F

FILMER,P.BFRT W

KLTNGEM4,,,DCTEp C

ENC,ESSER,WTLLIAM F

PRTTCETT,HAROL0 0
Rtr,GS,Ja'-Es L
INCUE,M!CHAEL S

MINGL!,JOHN C,

DAVTS.LORIN P

SINNARO.MERBFRT P

LARALJ'j,rECRGF B

SLOTT&,LARRY S
WILSCN,ROBERT F

WXLSON,RO3ERT F

KLINS!MAN,PETER C

WOLFE,JOHN W

FILMER,RoBERT W

SLOTTA,LARRY S

RIGGS,JAMES L

RIGGS,Ja'iES L

C

I

RUDGFSS.FRFDPICK J

GRAY.JA4ES L

KINNFY,J ROLLY

CARELL,JOi*j C

PNFLPS,PCBFRT £

BUPP,L4'!AR P



H) WR( DESIGN FOR THE DTSARLFD
WrRK MANAGEMENT BURP,LAMAR P

J) WCR)< METHODS AND SIMPLIFICATION
28 1JFCRP.lATION RETRIEVAL

A) DATA AND INFORMATION SYSTEMS MICHAEL,00RERT R ENGESSE,4ILLIA F TNOIJF,'IICHAEL S

INFORMATION THEORY ENr,ESSER,WILLIAM F
10 MASS TRANSFER PAE,GLE?I F WICS.CHARLES E

A) DIFFUSION
8) vAOP-LIOUID

31 'AATFRIALS BUCEY,DAVID A BAINIDRE'DOUGLAS W MCCOMB,.jOMN A
CLI EMAN,PCEP 0 PAASCIE.OLAF 3

A) EXAMINATION
8) FAILURES BUDP,LAMAR P
C) HANDLING CROFF,HO..AqD 1. ENGESSER.JILLtAM F SMtT4,,SLEY

0) LO TEMPERATURE
F) MEASIPREMENT
F) MFTALLIC
G) N4CNMEATALLIC
H) NUCLEAR
I) PROPRERTIES MRAZEK,Rr8FRT V
J) STRUCTURAL MCCLELL4kJ,THCMAS J

) TESTING BUPP,LAHAR P
32 MATERIAL SEPEPATION

A) ADSORPTION
B) CYSTALLIZATION
C) TO EXCHANGE
I)) oRE DRESSING GLESON,r.ECPGE w
F) SOLVENT EXTRACTION

33 MATHEMATICAL AND NUMERICAL KNI,DSEN,.JAMES G MRA7F,PBERT V I(INNFY,.J ROLLY
RORINSON.ALAN H

A) ANALYSIS
8) MODELS BELLA,DAMIr) A
C) SYSTEMS

14 MECHANICAL ENGINEERING BC,IBEL,pTCHARD w JCI.4NSON,LINW000 F sLFrAL,LOUtS
THkNURr,H.GECRGF F WELTY,JAMES p 74W0PS,U,RCBFRT J

A) PRESSURE SYSTEMS
8) APPLIED MECHANICS LApIRSEN.'AROL0 I MCCLFLLAN,THOMAS J PETrPSCJ,JOHN

PRTTCHFTT,HAROLD 0 SMTTH,CHARLES E
C) DYNAMICS PETERSON.JOHN
DI ENGINEERING MECHANICS 0AHLI<E,HNS J

IS METALLURGICAL ErJGINEFRING SMTTH,wrcLFY W BAINBRIDr,E,00UGLAS W MCCOMB.JOMN A
MCMULLEN.WILLIAM 0 PAA5CI4E,CLAF G

A) ELECTRON MICROSCOPY MCCCMB,JOHN A
B) PHYSICAL
C) RARE EARTH
0) SOLID STATE 8ATNBRIrE,DCUGLAS W MCCCMB,JOHN A

36 M!CRCBIOLOc'ICAL
A) FERMENTATION
8) FOOD
C) SANITATY
0) STREAM

17 NUCLEAR ENGINEERING RINGLE,JCHN C
A) FUELS BUpP,LAMAR P
8) INSTRkJMENTATION
C) MATERIALS
0) REACTOR ANALYSIS HORNYIK,I<ARL R!NGLE,JOHN C RCRTNSCN,ALAN H

F) SEPARATIONS BUPGER,LFLAND L
F) SYSTEMS



3CEAN ENGINEERING MEsECAR,PCr)EPIcp( S MICHAEL.RBERT PA) NECHANICS AND MARINE EQUIPMENT ZAWCPSKT,RAERT J
B) IJNJDERWATER TECHNLOGY PRrTCHTr,HARCLD D9 cILS
A) E:SSENTIL OIL DISTILLATION

) LUBRICANTS MIMGLE,jHN G40 PROOUCTIJ OPERATIONS LApAUN,rOGE B CNe,SSED,WILLIA'1 F SMTTI4,SLEY W
RIFSLANr).ErW4RD E SHEELY,MILTON CA) CASTING RISLANr,,Er)WARD E

) FINISHING
C) FOUND4RY PRACTTCFs FRAZIER,I LOYD H
D) HACHINE TOOL PRACTICES FRAZIER,, LOYD M R!ESLANr).EOWARD EF) ACHININc, RIFSLANr,ErW4RD E
F) HETAL AND ARTCPAFTS WISON,p8RT C
G) METAL FORMING SHFELY,MLTCN C
H) MILLWCPK
I) OPERATIONAL ANALYSIS
.J) PTIMIZATION
K) PACKAGING
L) PATTERN MAKIrJr, WILSON.ROBFRT C
4) PROCESS DYNAMICS
N) r)I4LITY CONTROL INOUE,M!HAEL S SMITl,WF$LEY W0) Sc4EflhPLING
P) wLDINC, AND FAPRYCATING RIFSLAND.Er)WARD E ROBLEY,ASA AQ) wOD INDUSTRIES HCFYE,WY',AN D
R) WOODWORKING WILSON,DOBFPT C41 SANITARY ENGINEERING BELLA,DAVID A BUPGESS.FREDPICK ,J JAM!S,WSLFY P

NORTHCRAFT,MARTIN F PI.4ILLIPS,DCNALO C SCMAIJMB!RG,FRANK DSTATON,WARPEN SA) AjR BO,ø3EL,,1CHARD w
B) BIO-OXIDATICN AND BIOLOGICAL
C) DOMESTIC
0) ESTUARY BELLA,D4,ID A
E) INDUSTRIAL
F) INDUSTRIAL IlYC,ENE BCtjBEL,pCMApD w
c,) RIVER BELLA,DAVID A
H) SaJMILL
I) SEWERS NCRTHCRAFT,MARTIN Ej) WASTE DISPOSAL
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