19970210 085

SFf 298 MASTER COPY KEEP THIS COPY FOR REPRODUCTION PURPOSES

REPORT DOCUMENTATION PAGE OMB NG, 07040188

Publc repod Burden for Bug Coliection of e¥ormation i eetimaled 10 Evecsgs 1 AT DI FREDONSE, Including e time tor ceviewmg pons. g exieting date .
qmon:\q aﬂ:vmmu\gmall Aeeced, and compleing and feviewng B cofiection of evlomation. s«pmnmammwuwucahmmdwg
SoHecton of Mommalon, nchuding $ons 10 faducing this burden, 1 Wachagin He Servicas. Direciorate lor nlomaion Operauons and Repons. 1213 Jelerson
Oamis Highway. Suts 1204, Artnglon, VA 22202-4302, and 10 the Ofiice o Mandgeman a0d Buosget, Paperwork Reduction Promc (0704-0188). Washingtoa, OC 20503

1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
April 1996

4. TITLE AND SUBTITLE 5. FUNDING NUMBERS

Evaluation of Pool Boiling Heat Transfer Coefficients
for the Data of Engelhorn

6. AUTHOR(S) DA AHOE~GS-1-02506

Sharma, Parashu R., Lee, Angela, Harrison, Tameka
Martin, Ebony, and Neighbors, Krisha

7. PERFORMING ORGANIZATION NAMES(S) AND ADDRESS(ES) & PERFORMING ORGANIZATION
- . . REPORT NUMBER
Grambling State University
Department of mathematics and Computer Science
Carver Hall, Room # 137
GRAMBLING, LA 71245

—SPONSORING / MONITORING
9. SPONSORING / MONTORING AGENCY NAME(S) AND ADDRESS(ES) 16, SPONSORING / MONITORIN
g(S) . grrn)l' éizelslcarch Office
UL BOX
Research Trangle Park, NC 27709-2211 Ao 3Y 3T 2f-mA-T's3

11. SUPPLEMENTARY NOTES

The views, opinions and/or findings contained in this report are those of the author(s) and should not be construec ax
an official Department of the Army position, policy or decision, unless so designated by other documentation.

128. DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Approved for public release; distribution unlimited.

13. ABSTRACT (Maxmum 200 words) . . ey
Engelhorn has conducted experlmental work to determine nucleate pool boiling heat

transfer coefficients for a variety of refrigerants at wide pressure and heat flux range.

In this work we have compared the experimental data of Engelhorn for refrigerants

R-11, R-12, R-13, R-13B1, and R-22 with those calculated from the following correlation:
1

1
2 -
h = \[_—;\/qupl \}f + g pv A fDyp T,

The correlation is based on two factors which are responsible for the removal of heat
from a heat transfer surface in boiling. The first factor represents heat removal by
transient heat conduction and the second factor represents latent heat transport
removal. The data were compared for pressures ranging from 0.019 bar to 1.51 bar

and the heat flux ranging from 100 W/m2 to 102,000 W/m?2. The calculations
revealed that experimental and predicted heat transfer coefficients compared very well.
* Work supported by Office of Naval Research and Army Research Office

14, SUBJECT TERMS 15. NUZMlBER IF PAGES

16. PRICE CODE

Pool Boiling, Heat Transfer in two Phase

17. SECURITY CLASSIFICAT:ON | 18. SECURITY CLASSIFICATION | 19. SECURITY CLASSIFICATION [ 20. LIMITATION OF ABSTRACT
OR REPORT OF THIS PAGE OF ABSTRACT
UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED UL
.01- R £ 208 (Rev. 2£3)
NSN 7540.01-260-5500 Enclosure 1 Brasicioed or ANSI 10, 230.1¢

DTIC QUALITY IRSPECTED 4




EVALUATION OF POOL BOILING
HEAT TRANSFER COEFFICIENTS FOR
THE DATA OF ENGELHORN

Angela Lee,Tameka Harrison,
Ebony Martin, & Krisha Neighbors

Advisor: Dr. Parashu Sharma
Grambling State University
Department of Math & Computer Science

6th Annual P. L. Young Research Symposium

APRIL 18, 1996

Sponsored by
Office of Naval Research & Army Research Office

|

1




INTRODUCTION

Nucleate pool boiling is a very important heat
transfer process in refrigeration and cryogenic industry.
Due to such industrial needs many investigators have
conducted experimental studies to collect the data for
nucleate pool boiling. Engelhorn undertook a
comprehensive experimental investigation to collect the
nucleate pool boiling data for many refrigerants. He
conducted such experiments for a wide range of heat flux
and pressure. We have earlier developed a correlation for
nucleate pool boiling heat transfer at atmospheric and
subatmospheric pressures for pure liquids. This
correlation was based on the underlying mechanism of
boiling heat transfer. Proper consideration was given to
the various heat transport factors responsible for
removing the heat from the heat transfer surface in a
boiling heat transfer process. The purpose of this study is
to predict the heat transfer coefficients for the data of
Engelhorn using the correlation we developed.




RANGE OF EXPERIMENTAL
PARAMETERS FOR THE DATA OF

ENGELHORN
TABLE-1
REFRIGERANTS HEAT FLUX, PRESSURE, Bar
W/m2
R-11 1,000 to 83,000 0.019 to 0.991
R-12 100 to 102,000 0.25 to 1.80
R-13 200 to 84,000 2.80 to 10.55
R-13B1 200 to 96,000 0.39 to 2.15
R-22 200 to 99,000 0.78 to 5.60
NOTE We calculated heat transfer coefficients mostly

at subatmospheric and atmospheric pressures




ANALYTICAL CORRELATION:

A critical literature analysis suggests that there are two
main factors which contribute the removal of heat from
the heat transfer surface.

The first factor suggested by Mikic and Rohsenow [1]
postulates that the main mechanism of heat transfer in
nucleate boiling is transient heat conduction to, and
subsequent replacement of, superheated layer around

boiling sites.

The second factor comes during the growth of vapor
bubbles and their subsequent departure. Rallis & Jawurek
[2] and Paul & Abdel-Khalik [3] have suggested that the
latent heat transport plays a considerable role for the
removal of heat from the heat transfer surface.

Taking these two factors into consideration, Bléchl [4]
developed a correlation of the following form. We modified
this correlation by developing expressions for bubble
emmission frequency. For bubble departure diameter,
Laplace equation was used.

(h)pred = _2\/? VKl cl pl ~F
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The first factor represents the part of the heat
removed due to conduction heat transfer from the surface
to the adjacent liquid layer. When the sufficient degree of
superheat is reached the bubbles start nucleating on the
surface. It is believed that a larger portion of heat is
removed because of this conduction process in the vicinity
of the wall.

The removal of heat by this conduction process can
be taken into account by the product of thermal
accommodation factor (given by the product of thermal
conductivity, specific heat, and density of boiling liquid
and taking the square root of this product) and square
root of bubble emission frequency.

The second factor represents the part of the heat
removed by latent heat transport during the formation of
the vapor bubbles until their departure.

1
The quantity 6 PV LI Dp E— reflects this portion of heat

transfer coefficient. The Dp is the diameter of the bubble
at the time of departure and ATw is the degree of wall
superheat.




CONCLUSIONS

Following conclusions can be drawn from this
investigation:

1. Although, the heat transfer rates in nucleate pool
boiling are contributed by both conduction and latent
heat transport, the conduction heat transfer plays
more significant role.

2. The role of latent heat transport by vapor bubbles
increases as heat flux and pressure increases.

3. The data correlates very well with the experimental
data of all the refrigerants investigated at low
pressures.




RESULTS

Heat transfer coefficients were calculated using this
correlation for the data of Engelhorn as shown in Table-1.
As we developed our correlation only for atmospheric and
subatmospheric pressures we conducted the calculations
mostly for lower pressures. We also did some calculations
for higher pressures. The predicted values of heat
transfer coefficient were compared with the experimental
values reported by Engeihorn. The correlation predicted
the data remarkably well.

The calculations for heat transfer coefficients were done
by calculating two factors separately as given in the
correlation. Following Tables show the values of these
factors. An inspection of these Tables reveal that the role
of latent heat transport increases as pressure and heat
flux increase. At lower values of heat flux and pressure
the latent heat factor is almost insignificant in comparison
to the heat removed due to conduction.




Experimental Data for R-11 at 0.019 bar vs Present Analysis
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Experimental Data for R-11 at 0.105 bar vs Present Analysis
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Experimental Data for R-11 at 0.028 bar vs Present .Analysis

h (experimental) W/sq m

2500

2000

1500

1000

500

-

h (predicted) W/sq m

- ! .
prais
. i . H
. ‘ L § 4
500 1000 1500 2000 2500




h (experimental) W/sq m

Experimental Data for R-11 at 0.991 bar vs Present Analysis
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h (experimental) W/sq m

Experimental Data for R-11 at 0.503 bar vs Present Analysis
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Experimental Data for R-12 at 0.50 bar vs Present Analysis
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Experimental Data for R-12 at 0.25 bar vs Present Analysis
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Experimental Data for R-13 at 2.80 bar vs Present Analysis
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Experimental Data for R-12 at 1.00 bar vs Present Analysis
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Experimental Data for R-22 at 0.390 bar vs Present Analysis
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xperimental Data for R-13B1 at 0.78 bar vs Present Analysis
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Experimental Data for R-22 at 0.84 bar vs Present Analysis
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Experimental Data for R-22 at 2.15 bar vs Present Analysis
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