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PROGRESS REPORT

ABSTRACT

Performance curves have been obtained for condenser heat output,
evaporator heat 1nput and overall. coeff1c1ent of performance (COP) as
a function of outdoor air temperatures ranging from 10°F to 50°F and
at an indoor air temperature of'655F. Both .temperatures mere contro]jed
by recyc]ing cold air from the evaporator exhaust and mixing it‘in‘the
plenum. There is good agreement, within expected error bands, with |
available perfOrmance‘data:for the York heat pump. In addition, this
‘data has been used to obtain air side'heat transfer‘coeffictentS'rang-
ing from about 9_to 6 BTU/nr°Fﬂfor the- evaporator and 1.5 to 2.5
BTU/hr°F for the condeneer. These values are being used as a basis
for the design -of the f]uidized-beduheat eXChanger. |

Plans for a separateftest.of the deicing capabi]ity of low temp-

erature f]uidized-bedé haue been formulated.
- 1. SYSTEM OPERATION

Teste have beenirun‘tO'determine the variation.in COP and heat
output with- outs1de (1nto the evaporator) air temperature and a con-
stant indoor (into the condenser) air temperature of- 65 F The re-
“sults of the tests are shown 1n<F1gures } and 2. Within the error
bands shown, there is approxtmate agreement with data published by
York. These errors were computed on the basis of the estimated

accuracies listed below.



Estimated Accuracies

+1

Temperature 0.5°F

Air tlow rate

* 50 CFM (Hot)
Sty +200 CFM (Co]d)
” Fredh}fiow rate ' + 0. 05 gpm
Pressures - .+ 5%
. Current + 3%
" Voltage ‘ 208 ¥ 2 volts

Other‘possible sources of error are heat losses due te air moisture
content, which were not accounted for, and the effect of auxiliary
fens to help push the air throudh the pienum} A means . of controlling,
or at least monitorind, humidity<in.the air streams .whieh are being |
dried out by the rec1rcu1at1on procedure, is needed.. Other errors

can be reduced as further exper1ence is ga1ned with the system and
_the automated data recording system is put 1ntouoperat1on. Freon

flow rate is still doubtful since.itfié measured at' the only point

in the circuit where the'refrigerant shou]d be totally in the liquid
phaSe;fthat.is;.after it-leaves the condenser.' TemperatureS'and
pressures at-this point show:the.refrigerant to be right Onwthe~satf
urated:1iquid 11ne in most cases S0 - that w1th1n measurement errors

1t is difficult to know whether .there . is vapor in the ]1ne produc1ng

errors in the" turb1ne f]ow meter read1ngs
2. COMPUTER MODEL

Programmihg ofrthe model of refrigerént f1ow'through the expan-

sion coil is about 50 percent done. The overall model still needs




tab]e.hé1dw.

3. FLUIDIZED BED HEAT EXCHANGER

further refinement before a comparison with actual data can be made.

Fromlthe system test data, heat transfer coefficients for the
- evaporator and condenser. coils have been calculated for use in de-

signing the f]uidizéd'bed‘heat_exchangeks. ‘Tﬁese are given in the '

© . A(COND)

682

This should result in a heat exchanger with a net heat transfer area

The design tr{es to réproduce»the same (air side) heat-transfer coeffic-

jents using the enhanced heat transfer capability of the fluidized bed.

" Evaporator Condenser
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25 5.6, 33,000 5900 6.3 | 49 | 50,500 1000 1.5
30 5.9 33,500 - | 5700 6.1 .53 59,100 920 1.3
351 6.2 36,500 5900 6.3 | 50 60,000 | 1200 1.8
40| 7.3 - 40,4QO¢ 5500 5.8.- 1 48 " | 64,400 ) 1300 1.9
45 | -8.1 51,300.-| 6300~ | 6.7.- |.-47- | 68,200=:|-1450 - .2.1|
50-7 8.1 ,56,000 69007 1 7.3 - '45?’ 77,700 1700 2.5
A(EVAP) = 941 ft2
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that is considefab]y less than the existing heat exchangers, with'no

decrease in performance7~
4. THE ICING PROBLEM

" Heat pump;outdooruheat exchangers, because théy.have to.work at
below freezing temperatures,:accuhUIQteAfrdét whiéh impairs heat trans-
fer capability. Most cﬁmmerciaT:syétems revérse the cycle so that the .
heaf pump .is an éif conditioner for part of its duty:cycle which de-
creases .its efficiency as:a heater. There is a possibility that icing

is decreased in fluidized bed heat exchangers. A simple test, using
;o : .

‘ dry.iceig%ooled ethylene ‘glycol as the working fluid, is planned to

investigate this possibility. This will be separate from the main

test facility.
5. PERSONNEL

For the period covered:by this report —-Séptember 1, 1978 to
November- 30, 1978l— Professor John'C..CHén participated in the project'

at a rate of 10-percent and :Professor Robert G:-Sarubbi-at-15 percent..
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. HEAT 0UTPUT VS' 6UTDCOR TEwUP
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