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suggested Method of Operation 

The first decision to be made concerns the f lowrate desired. 

Using the controller for the pump motor, the flowrate can be set to 

within approximately +/-2% of the determined OP cell readout on 

channel 1 . The setting of channel 2 should be set at between 3.0 

and 4.0 . This will establish the heat removal flowrate and the 

loop flowrate. Prior to this, the recorder should have been 

activated and should have been operating long enough to obtain 

constant thermocouple readings. Moreover, the motor controller and 

OP cell readout should have been activated. This will allow the 

proper warm up of the equipment. 

To increase the temperature and pressure of the loop, there 

are two basic approaches. First, the heater power can be kept low 

and the heat removal subloop flow can be reduced. Over a period of 

two to three hours, the temperature and pressure will rise. The 

higher temperatures and pressures may require a greater heat input 

in order to achieve them. Once the desired conditions have been 

achieved, their maintenance is accomplished by increasing the 

cooling capacity through either heat removal flowrate or water 

flowrate manipulation. 

In addition, the movement into two phase flow requires that 

when the setting of the heater power to be increased, either the 

water f lowrate is increased or the heat removal subloop f lowrate is 

increased simultaneously. Manipulation of the latter will require 

greater pump input in order to maintain the main subloop flowrate. 

Moreover, the changes in fluid properties inherent in two phase 
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flow generation, result in pressure drop changes and instabilities 

that require manipulation of control valves to control. The most 

influential of these is the regulator bypass control valve. There 

is a trade off between efficiency and flowrate within the loop. As 

the loop conditions rise and two phase flow is obtained, the bypass 

control can be opened further .to allow greater flowrates. However, 

at the lower temperatures and pressures, it has been observed that 

the performance of the pump is more efficient if a higher operating 

pressure is used. That is, the pump can provide the f lowrate 

required more smoothly as evidenced by its quieter operation. 

Wi th~ut the higher pressure, there is an inability to achieve 

higher flowrate with higher motor speeds once a certain flowrate 

has been achieved. It is suspected that some ca vi tat ion may be 

taking place in the pump. Therefore increasing the loop operating 

pressure can suppress this phenomenon. The higher operating 

pressure is obtained by adjusting the bypass valve. 

The manipulation of any control that affects f lowrate will 

result in both subloop flowrates changing. Immediately following 

any manipulation, both flowrates should be checked. In most cases, 

the heat removal flowrate is not as critical, and consequently the 

loop control is not as difficult as it might appear at first. 

Furthermore, the cooling rate can also be affected by the water 

flowrate, although this method is not as effective. 

The second method of loop operation takes advantage of the 

heater power and the ability of the operator to know how to obtain 

the desired conditions. With experience, the operator can use 
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increments of heater power of between 10 and 20% to achieve the 

desired conditions more quickly. Starting with 10 % power, then 

possibly incrementing the power to 20% after 20 minutes, the loop 

can be brought to the desired pressure and temperature conditions 

in less than an hour. Once achieved, the cooling level can be 

increased to create steady state. At these power levels, the loop 

can generate all the pressure and temperature conditions at which 

it is capable of attaining stable conditions. The only constraint 

is that pressures above 21 psig must be avoided since these are 

above the design conditions. 

The control of the heater was described earlier and should be 

adhered to strictly. The shut down of the loop, upon completion of 

experiments, requires fifteen minutes in the worst case. As 

described earlier, the heater can be shut off with the stop button 

on the control box. After deactiva~ion, the switches are returned 

to the off or neutral position and the Variac returned to the zero 

position. However, prior to this action the flowrate of the loop 

must be adjusted. The flowrate will decrease significantly, 

requiring the manipulation of two valves and the reduction of pump 

power. First the bypass valve can be opened, and second the heat 

removal subloop control valve should be closed slightly. This will 

force more fluid through the main subloop, but there will still be 

a considerable degree of cooling. Within fifteen minutes the loop 

can be shut down completely at a temperature below that of the 

room. 
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Recommendations 

The suggested method of operation just discussed is intended 

to be representative of loop operation. It is recommended that the 

reader learn by trying to operate the loop. If this manual is read 

and understood, then all the controls should be known. Moreover, 

the intended use of these controls should also be understood, as 

well as the basic fundamentals of operation underlying the loop 

design. If the operator understands what is happening within the 

loop, learning how to manipulate the controls in an effective 

manner should be relatively simple. However, the value of 

experience cannot be underestimated. Therefore, some time should be 

spent learning the controls before any attempts are made to control 

the higher power levels. In addition, effects such as warm outside 

temperatures have not been addressed. The ambient conditions are 

important to the loop operation. Therefore, care is required to 

accommodate these effects each time the loop is used. The same 

settings from one day to the next will not guarantee the same 

results. However, the instrumentation is more than adequate and 

will provide all the necessary information. 



Appendix A 

water orifice Plate Flowrate Graph 
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Appendix B 

Main Subloop orifice Plate Flowrate Graph 
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Heat Removal Subloop orifice Plate Flowrate Graph 
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Appendix D 

Proqram For Diqital Recorder 



PROGRAMMillG CARD PH8237A 

odd I l s 7 9 ll 13 IS 17 19 21 23 2S 27 29 
CHANNEL NUHBER 

even 2 4 6 8 10 12 14 16 18 20 22 24 26 28 )0 

odd J.11 J.... I I l..// gn Vt l.11 2..00 2.oo 2Co i..co 1.CO 2@ ~O_Q_ jl i'() 2.0) CHANNEL HOOE 
even 2...L J L_Lt .. bJI )._// Zfl )JI 1..(~1 20£2 J..CXJ 2.oc1 ,l.lt) 24:.J ..z.oo _WO 2(-l? 
odd Ooo 00.Q ID.Yl i/t I 11 llli 0110 00£)_ ooo voo 12_~ 1<2_00 loco Oa..' Oro RESPONSE TO ALARH 
even _Q_Q1'_ 1Jcl_\ oco _l_ I I /II 111 ..!!>m O_EQ WO QJO ()()(,1 OlX' OX? oco vco 

HEASURI!I;; FUNCTION 1000 /OCO /000 
ZERO-SCALE VALUE o.o CJ:Q_ O·O 
FULL-SCALE VALUE 10. 0 /Ct.O tl'.o 
Span 

HAXIHIJM ALARH LEVEL <2 5.2 ..£ '7 
HINlHIJM ALAR/'! LEVEL -..a!t:.. -:Q.:Jt -:.Q_,_L 

~~ 

DATA : Q R S 
4 
2 

4-IllPUT ttRHIHAL CONFIGURATION 
2-INPUT TERMINAL CONFIGURATION 
CllAHNEL IS HEASUR£0 
CllANN!:L tS SKIPPED 

0 HO RECORDING JN DOT HOOE ( ZERO DOTS ) 
I RECORDING llJTll SING!.£ DOT 
2 RECORDING I/ITH A SPECIAL HARKING 

~!2~ 

DATA : Q R S 
0 HO RESPONSE TO EXT, CONTROL CONNECTOR 

RESPONSE TO EXT, CONTROL CONNECTOR l 

i'OC\'.:.I 1000 1000 

CJ.o 0 .() o.o 
/0.0 10.0 10.0 

S:7 SJ ). J 
__::Q, ~ -__o_. y. ·:a_.~ 

f!'£ASURING FUNCTION • 

DATA 1 P Q R S 
0 0 N N DIFFERENTIAL 'ICEASUREHENT I/ITH CHANNEL HN 
l 0 0 0 MILLIVOLT 
1 S 0 0 VOLT 
2 0 0 0 PT 100 

THERMOCOUPLES 
3 Q R S SPECIAL TYPE 
4 Q R S TYPE J 
S Q R S TYPE L 
6 Q R S TYPE K 
7 Q R S TYPE S 
8 Q R S TYPE. T 
9 Q R S TYPE U 

HO IMCREASE OF CllAAT SPEED AFTER ALARH 
INCREASED CHART SPEED AFTER ALARH (XIO) 

COLD-JUNCTION COMPENSATION 
Q R S 
0 0 0 I FOR o0 c 
2 0 0 : FOR 20°c 
S 0 0 I FOR S0°C 

0 : NORMAL RECORDING AFTER ALARM 
I : RECORDING I/ITH A SPECIAL HARKING AFTER ALARM 

8 H N : FOR ttHPERATUR! or CHANNEL NN 
9 0 0 1 AUTOMATIC ( TEHPERATUR£ OF INPUT BLOCK ) 

FULL-SCALE/ZERO-SCALE VALUE 

DATA 1 SIGNED 4-DIGIT NUHllER I/ITH OR llITHOUT DECIMAL POINT 

I om: I I HAXIHUK/HINIHIJM ALARM ~ 

DATA : SICNED 4-DIGIT NUl!llER lllTH OR llITHOUT DECIMAL POINT 

~~ 

DOT HOOE 

NUMERAL HOOE 

EXT. CONTROL 

DATA : SPEED BETllEEN 00 AND 60 
+ HM/HIN - t{)-1/HOUR 

DATA : PRINT INTERVAL TH!E 
BETllEf.N 0 AND 99 

DATA DIVIDE FACTOR fOR EXT. 
'-------'---' CLOCK PULSES 

CHART SPEED RULE-OF-THUHJI METHOD fOR SMOOTH LINES 

CllART SPEED : ( ~ m1/m!n 

.!1£Q ..,./hr 
n 

n ii the number of measured channels 



Appendix E 

Console Wirinq Schematic 



T =Thermo cou pie 
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Figure E1 

I llt:JI C~JQl.CQU~.J!~::S ?J ?}=; - --=\~?) :::+:+-----
' I I I IC ~ 

Output Jacks 

Thermocoupl~~ 

I.cLR.ecorder ~ 

Schematic of Thermocouple Switch Board 



Appendix F 

Main Heater Wiring Schematics 
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Appendix G 

MSDS Hazardous Material Information on Freon 11 



. ~· . ·. 

HEALTH HAZARD DATA 

TLV"S: TLV - "CEILING" rs 1000 PPM (ACGIH 1983-84) 
ROUTES OF EXPOSURE: VAPOUR TOXICITY IS LOW. IRRITATES THE RESPIRATORY 

PASSAGES AT HIGH CONCENTRATIONS, AND HAS NARCOTIC EFFECTS AT VERY 
HIGH CONCENTRATIONS. THE LCLO (INHALATION, RAT) )100000 PPM. 
LIQUID CONTACT MAY CAUSE FROST-BITE DUE TO RAPID EVAPORATION, AND 
REPEATED PROLONGED SKIN CONTACT CAN CAUSE DERMATITIS. CONTACT 
WITH EYE~ rs MILDLY IRRITATING AND MAY CAUSE FROST-BITE. ORAL 
TOXICITY rs LOW. WITH SOME CENTRAL NERVOUS SYSTEM (CNS) EFFECTS. 

EFFECTS OF OVEREXPOSURE - A~UTE: MILD IRRITATION OF UPPER RESPIRATORY TRACT. 
LIGHT-HEADEDNESS, GIDDINESS, SHORTNESS OF BREATH; AT VERY HIGH 
CONCENTRATIONS. NARCOSIS AND CARDIAC ARRHYTHMIA. LIQUID CONTACT 
WITH SKIN OR EYES CAN CAUSE FROST-BITE. EFFECTS OF OVEREXPOSURE -
CHRONIC: DERMATITIS. 

EMERGENCY AND FIRST AID PROCEDURES 

INHALATION: GET TO FRESH AIR; IF NOT BREATHING, GIVE ARTIFICIAL RESPIRATION. 
GET MEDICAL ATTENTION. 

INGESTION: IF CONSCIOUS, GIVE TWO GLASSES OF WATER TO DRINK AND INDUCE 
VOMITING. CALL A PHYSICIAN. 

SKIN OR EYES: IN CASE OF CONTACT WITH LIQUID, IMMEDIATELY FLUSH THE AFFECTED 
AREA WITH LARGE AMOUNTS OF TEPID WATER. LOOSEN ANY CLOTHING ·WHICH 
MIGHT RESTRICT CIRCULATION. DO NOT APPLY HEAT. COVER AFFECTED 
AREA WITH A STERILE DRESSING (USE CLEAN SHEET IF THE AREA rs 
LARGE). CALL A PHYSICIAN AT ONCE. . 

NOTE TO PHYSICIAN: 1) TREAT FROZEN TISSUE BY IMMEDIATE IMMERSION IN 40-45 DEG 
C WATER. AVOID THE USE OF DRY HEAT. POTENT ANALGESICS MAY BE 
INDICATED DURING THAWING. RAPID REWARMING OF TISSUES IS NOT 
RECOMMENDED IF TRANSFER TO HOSPITAL IS DELAYED. SHOCK AND CARDIAC 
DYSRHYTHMIA MAY ACCOMPANY HYPOTHERMIA. 2) EPINEPHRINE AND SIMILAR 
DRUGS ARE CONTRAINDICATED . 

REACTIVITY DATA 

PRODUCT STABILITY: VERY STABLE. WILL DECOMPOSE IN FLAME OR IF HEATED ABOVE 
260 - 320 DEG C. 

HAZARDOUS POLYMERIZATION: DOES NOT OCCUR 
INCOMPATIBILITY: (MATERIALS TO AVOID): CHEMICALLY ACTIVE METALS, SUCH AS 

SODIUM, POTASSIUM, POWDERED ALUMINUM, ETC. CAN REACT VIOLENTLY 
HAZARDOUS COMBUSTION OR DECOMPOSITION PRODUCTS: TOXIC CHLORIDE ANO FLUORIDE 

COMPOUNDS - PRINCIPALLY HYDROGEN CHLORIDE AND HYDROGEN FLUORIDE, 
WITH SMALL AMOUNTS OF CHLORINE ANO CARBONYL HALIDES POSSIBLE 

SPILL OR LEAK PROCEDURES 

CLEANUP: NEUTRALIZING CHEMICALS: NONE. RESTRICT ACCESS. VENTILATE AREA, 
ESPECIALLY LOW PLACES WHERE VAPOUR MIGHT COLLECT. ABSORB ON SAND · 
OR EARTH ANO SHOVEL OR SCOOP INTO DRUMS. MOVE TO REMOTE AREA ANO 
SPREAD OUTDOORS TO EVAPORATE. 

DISPOSAL: EVAPORATE IN REMOTE AREA OUTDOORS AWAY FROM HEAT OR OPEN FLAME. 
AQUATIC TOXICITY: NOT KNOWN. 



EYE PROTECTION: FACE SHIELD AND COVERALL GOGGLES WHERE CONTACT WITH THE LIQUID 
IS POSSIBLE 

SKIN PROTECTION: NEOPRENE OR BUTYL RUBBER GLOVES WHERE CONTACT WITH THE LIQUID 
IS LIKELY 

RESPIRATORY PROTECTION: ATMOSPHERE-SUPPLYING RESPIRATOR WHERE OVER-EXPOSURE IS 
LIKELY 

VENTILATION REQUIREMENTS: USE LOCAL EXHAUST WITH MECHANICAL VENTILATION AT 
SOURCES (KEEP <1000 PPM). 

OTHER CLOTHING AND EQUIPMENT: ACID SUIT (JACKET AND PANTS), WHERE LIQUID 
CONTACT IS LIKELY 

STORAGE AND HANDLING 

STORAGE AND HANDLING: OTHER HANDLING AND STORAGE REQUIREMENTS: STORE IN A 
CLEAN, DRY AREA, AWAY FROM ACTIVE METALS. DO NOT HEAT CONTAINERS 
ABOVE 50 DEG C. PRECAUTIONARY STATEMENTS: CAUTION. CONTACT 
WITH LIQUID OR INHALATION OF VAPOUR MAY BE HARMFUL. RELEASES 
TOXIC GASES WHEN HEATED TO DECOMPOSITION. KEEP AWAY FROM HEAT OR 
OPEN FLAME. AVOID CONTACT WITH SKIN OR EYES, AND DO NOT BREATHE 
VAPOUR. 

ADDITIONAL INFORMATION 

TRANSPORT CANADA CLASSIFICATION: NON-REGULATED 
D.O.T. HAZARD CLASSIFICATION: NON-REGULATED 



* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * T R A D E N A M E S * 
* * 

1 * Canadian Centre for Occupational Health and Safety * 
* * * * * * * * * * * * * * * * * * * * * * * * * * * ~ * * * * * * * 

RECORD NUMBER 
LANGUAGE 
TRADE NAME(S) 

*** IDENTIFICATION *** 
9785 
ENGLISH 
FREON (R) 11 

PRODUCT IDENTIFICATION DATA ·Du PONT CODE: TOR. (#373)1 

MANUFACTURER 
ADDRESS 

*** MANUFACTURER INFORMATION *** 
DU PONT CANADA INC 
26 TORONTO DOMINION CENTRE 
TORONTO ONTARIO 
CANADA M5K 1B6 

EMERGENCY TELEPHONE NO.(S) 
DISCLAIMER 

Telephone: 416-362-5621 
613-348-3616 
NOTE FROM DU PONT: THE INFORMATION ON THIS 
MATERIAL SAFETY DATA. SHEET IS PROVIDED BY DU 
PONT FREE OF CHARGE. WHILE BELIEVED TO BE 
RELIABLE IT IS INTENDED FOR USE BY SKILLED 
PERSONS AT THEIR OWN RISK. DU PONT ASSUMES NO 
RESPONSIBILITY FOR EVENTS RESULTING OR DAMAGES 
INCURRED FROM ITS USE. THE INFORMATION ON THIS 
MATERIAL SAFETY DATA SHEET RELATES ONLY TO THE 
SPECIFIC MATERIAL DESIGNATED HEREIN AND DOES 
NOT RELATE TO USE IN COMBINATION WITH ANY 
OTHER MATERIAL OR IN ANY PROCESS. 

*** MATERIAL SAFETY DATA *** 

PRODUCT TRADE NAME(S): FREON (R) 11 

PRODUCT DESCRIPTION: COLOURLESS LIQUID WITH SLIGHT ETHER-LIKE ODOUR 
DOCUMENT REFERENCE FOR DATA SHEET: DU PONT CODE: TOR. (#373)1 

INGREDIENTS 

TRICHLOROFLUOROMETHANE; F-11 (CAS NO.: 75-69-4) 

PHYSICAL PROPERTIES OF PRODUCT 

SOLUBILITY(/.): 0.11/.@ 25 DEG C 
BOILING POINT OF PRODUCT: 23.8 DEG C 
MELTING POINT OF PRODUCT: -111 DEG C 
VAPOUR PRESSURE OF PRODUCT: 106 KPA @ 25 DEG C 
VAPOUR DENSITY OF PRODUCT: 4.9 @ 25 DEG C (AIR 1) 
SPECIFIC GRAVITY OF PRODUCT: 1.48 @ 25 DEG C 
PERCENT VOLATILE (/.): 100 
EVAPORATION RATE: APPROX. 0.3 (BUTYL ACETATE = 1) 

FIRE AND EXPLOSION HAZARD DATA 

UNUSUAL FIRE/EXPLOS HAZARDS: WILL NOT BURN BUT THERMAL DECOMPOSITION CAN 
PRODUCE TOXIC CHLORIDE AND FLUORIDE COMPOUNDS IN A FIRE AND 
HEATING CYLINDERS CAN GENERATE EXPLOSIVE PRESSURES. WEAR SCBA 
RESPIRATOR TO FIGHT FIRE. MOVE CYLINDERS FROM VICINITY, IF 
POSSIBLE, OR COOL THEM WITH WATER 



App•ndlx a 

Ref•r•nc• Dia9raa of Loop Coapo11e11t Location• 

Diaqraa I Description References in Manual 

T Test Section 

Kain Pwap 

Preheater 

Kain Plow Subloop 
Orifice Plate 

Kain Flow Subloop 
Control Valve 

Requlators And 
Bypass Valve 

Kain Heater 

Coabination Tanlc 
(Separation Tanlc) 

Anqle Valve 

Heat Reaoval Subloop 
Orifice Plate 

10 Heat Reaoval Subloop 
Control Valve 

11 Condensers 

12 Pressure Relief Valve 

13 Expansion Tank 

• 14 Water Line Shut Off 
Valva 

• 1!1 Water Line Orifice 
Plate 

• 16 Water Line Control 
Valve 

• 17 Drain 

• 11 Discharqe Valve 

19 Holding Tank 

• 20 Isolation Valve 

• 21 Charqinq Line Bypass 

• 22 Lower Loop service 
Valves 

• 23 Service Loop Puap 

• 24 Heater Service Valve 

• 2!1 Heat reaoval Subloop 
Service Valve 

• 26 Condenser Drain Valves 

• See fiq. 4 for locations of these coaponenta. 

I S•• tiq. 5 for locations of theae coaponenta. 

29,30 

7,12,13,16 

7,12,13,16 

7, 12 ,App. B 

7, 12 

8,12,13,31 

9, 12, 39, 40, 
App. F 

11,12,14,16 

7, 11, 14, 16 

13, 16,App. C 

13,16 

13, 16, 17, 19 

14,16 

12,1!1 

17,19 

17,19,App. A 

11,19 

18,19 

11,19 

20,26 

22,26 

22,26 

22,26 

:22,26 

23,26 

23,26 

24,26 

Sea fiqure 6 for location• of thenaocouples and presaure quaqea. 



References 

1. Axisa, F., B. Villard, R.J. Gilbert, G. Hetsroni, 
P. Sundheimer, "Vibration of Tube Bundles Subjected to Air 
-Water and Steam-Water Cross Flow: Preliminary Results in 
Fluidelastic Instability", 1983 International Symposium on 
Flow-Induced Vibration pp .269-284. 

2. Axisa, F., J. Antunes, B. Villard, "Overview of Numerical 
Methods for Predicting Flow-Induced Vibration", Journal of 
Pressure Vessel Technology, vol. 110, Feb. 1988, pp 6-14. 

3. Axisa, F., J. Antunes, B. Villard, M. Wullshieger, "Random 
Excitation of Heat Exchanger Tubes By Cross-Flow", 1988 
International Symposium on Flow-Induced Vibration and 
Noise, Vol. 2, pp 79-103. 

4. Bergles, A.E., J.G. Collier, J.M. Delhaye, G.F. Hewitt, F. 
Mayinger, "Two-Phase Flow and Heat Transfer in the Power and 
Process Industries", Hemisphere Publishing Corp., New York, 
1981. 

5. Blevins, Robert D.,"Formulas for Natural Frequency and Mode 
Shape", Van Nostrand Reinhold Company, Toronto, 1988. 

6. Chen, Shoei-Sheng, "Flow Induced Vibration of Circular 
Cylindrical Structures", Hemisphere Publishing Corp., New York, 
1987. 

7. Chen, S.S., "Some Issues Concerning Fluidelastic 
Instability of a Group of Circular Cylinders In Crossflow",. 
1988 International Symposium on Flow-Induced Vibration and 
Noise, Vol. 3, pp 1-24. 

8. Conners, H.J., "Flow Induced Vibration and Wear of Steam 
Generator Tubes", Nuclear Technology, Vol. 55, Nov. 1981, 
pp 311-331. 

9. Gay, N., P. Decembre, J. Launay, "Comparison of Air-Water 
to Freon-Water Two Phase Cross Flow Effects on the 
Vibratory Behaviour of a Tube Bundle", 1988 International 
Symposium on Flow-Induced Vibration and Noise, Vol. 3, pp 

139-158. 

10. Goyder, H.G.D., "Fluidelastic Instability and Buffeting of 
Heat Exchanger Tube Bundles Due to Single and Two-Phase 
Flows", 1988 International Symposium on Flow-Induced 
Vibration and Noise, Vol. 2, pp 151-168. 

11. Gregory, B. A., "An Introduction to Electrical 
Instrumentation and Measurement Systems", Halsted Press, 
John Wiley & Sons, New York, 1981. 

12. Hara, F., "A Flow Visualization Study of a Single Row of 



Circular Cylinders Vibrating in Water and Two-Phase Cross 
Flows", 1988 International Symposium on Flow-Induced 
Vibration and Noise, Vol. 1, pp 75-89. 

13. Lever, J.H., D.S. Weaver, "A Theoretical Model for 
Fluidelastic Instability in Heat Exchanger Tube Bundles", 
Journal of Pressure Vessel Technology, Aug. 1982, Vol. 104, 
pp 147-158. 

14. Lever, J.H., D.S. Weaver, "On the Stability of Heat 
Exchanger Tube Bundles: Part 1- Modified Theoretical 
Model", 1984 International Symposium on Flow-Induced 
Vibration, Vol. 2, pp 83-97. 

15. Lever, J.H., D.S. Weaver, "On the Stability of Heat 
Exchanger Tube Bundles: Part II- Numerical Results and 
Comparison With Experiments", 1984 International Symposium 
on Flow-Induced Vibration, Vol. 2, pp 99-116. 

16. Lever, J., and D.S. Weaver, "Tube Frequency Effects on Cross 
Flow Induced Vibrations in Tube Arrays", Proceedings of the 
Fifth Biennial Symposium on Turbulence, University of Missouri 
-Rolla, October 1977, pp 323-331. 

17. Moretti, P.M., R.L. Lowery, "Hydrodynamic Inertia Coefficients 
of a Tube Surrounded by Rigid Tubes", J. Pressure Vessel 
Technology,1976, 98, pp 190-193. 

18. Nakamura, T., K. Fujita, "Large Amplitude Vibration of a Tube 
Array By a Two-Phase Flow"' Journal of Wind Engineering, No. 37 
Oct 1988, pp 599-608. 

19. Paidoussis, M.P., "Fluidelastic Vibration of Cylinder 
Arrays in Axial and Cross Flow: State of the Art", Journal 
of Sound and Vibration, 76 (1981), pp 329-360. 

20. Paidoussis, M.P., "A Review of Flow-Induced Vibrations in 
Reactors and Reactor Components", Nuclear Engineering and 
Design, 74 (1982), pp 31-60. 

21. Paidoussis, M.P., S.J. Price, "The Mechanics Underlying 
Flow-Induced Instabilities of Cylinder Arrays in Cross 
Flow", Journal of Fluid Mechanics, Vol. 187, 1988, pp 45- 59. 

22. Paidoussis, M.P., D. Mavriplis, S.J. Price, "A Potential Flow 
Theory for the Dynamics of Cylinder Arrays in Cross-Flow", 
Journal of Fluid Mechanics, Vol. 146, 1984, pp 227-252. 

23. Paidoussis, M.P., S.J. Price, D. Mavriplis, 11 A 
Semi-Potential Flow Theory for the Dynamics of Cylinder 
Arrays in Cross Flows", Journal of Fluids Engineering, Vol. 
107, 1985, pp 500-506. 

24. Pettigrew, M.J., D.J. Gorman, "Vibration of Heat Exchanger 



Tube Bundles in Liquid and Two-Phase Cross-Flow", 1984 
International Symposium on Flow-Induced Vibration, Vol 3, 
pp 89-98. 

25. Pettigrew, M.J., Y. Sylvestre, A.O. Campagna, "Vibration 
Analysis of Heat Exchanger and Steam Generator Designs", 
Nuclear Engineering and Design, Vol. 48, 1978, pp 97-115. 

26. Pettigrew, M.J., J.H. Tromp, J. Mastorakos, "Vibration of 
Tube Bundles Subjected to Two-Phase Cross-Flow", Journal of 
Pressure Vessel Technology, Nov. 1985, Vol. 107, pp 335-343. 

27. Pettigrew, M.J., C.E. Taylor, B.S. Kim, "Vibration of Tube 
Bundles in Two-Phase Cross-Flow: Part 1- Hydrodynamic Mass 
and Damping", 1988 International Symposium on Flow-Induced 
Vibration and Noise, Vol. 2, pp 79-103. 

28. Pettigrew, M.J., J.H. Tromp, C.E. Taylor, B.S. Kim, 
"Vibration of Tube Bundles in Two-Phase Cross-Flow: Part 2-
Fluidelastic Instability", 1988 International Symposium on Flow 
-Induced Vibration and Noise, Vol.3, pp 159-179. 

29. Rao, M.S.M., D.A. Steininger, F.L. Eisinger, "Numerical 
Simulation of Fiuidelastic Vibration and Wear of Multispan 
Tubes With Clearances at Supports", 1988 Internationa1 
Symposium on Flow-Induced Vibration and Noise, Vol. 5, 
pp 235-250. 

30. Taylor, C.E., M.J. Pettigrew, F. Axisa, B. Villard, 
"Experimental Determination of Single and Two-Phase Cross 
Flow-Induced Forces on Tube Rows", Journal of Pressure 
Vessel Technology, Feb. 1988, Vol. 110, pp 22-28. 

31. Taylor, C.E., I.G. Currie, M.J. Pettigrew, B.S. Kim, 
"Vibration of Tube Bundles in Two-Phase Cross-Flow: Part 3-
Turbulence-Induced Excitation", 1988 International 
Symposium on Flow-Induced Vibration and Noise, Vol. 2, pp 
105-129. 

32. Weaver, D.S., M. El-Kashlan, "On the Number of Tube Rows 
Required to Study Cross-Flow Induced Vibrations in Tube 
Banks", Journal of Sound and Vibration, Vol. 75, 1981, 
pp 265-273. 

33. Weaver, D.S., D. Koroyannakis, "Flow-Induced Vibrations of Heat 
Exchanger U-Tubes: A Simulation to Study the Effects of 
Asymmetric Stiffness", Journal of Vibrations, Acoustics, Stress 
and Reliability in Design, Jan. 1983, Vol. 105, pp 67-75. 

34. Weaver, D.S., J.A. Fitzpatrick, "A Review of Cross-Flow 
Induced Vibrations in Heat Exchanger Tube Arrays", Journal of 
Fluids and Structures, Vol. 2, 1988, pp 73-93. 



35. Westermann, Gerold D., "The Design and Construction of a Flow 
Loop for the Study of Two Phase Crossflow-Induced Vibrations of 
Heat Exchanger Tubes", Masters Thesis, McMaster University, 
April.1987. 

36. Yetisir~ M., D.S. Weaver, "On an Unsteady Theory for 
Fluidelastic Instability of Heat Exchanger Tube Arrays", 1988 
International Symposium on Flow-Induced Vibration and Noise, 
Vol. 3, pp 181-195. 

37. Yeung, H.C., D.S. Weaver, "The Effect of Approach Flow 
. Direction on the Flow-Induced Vibrations of a Triangular Tube 
Array", Journal of Vibrations, Acoustics, Stress and 
Reliability in Design, Jan. 1983, Vol. 105, pp 77-81. 


