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PROGRESS REPORT

"~ ABSTRACT

Constiruction of the test facility including-plenum and ductwbrk

has been completed and the heat pumb has beén oberated. In the interest
of maintaining comparéb1e4test éonditiohé a single compressor.with switch-
over capability between the.fluidizéd bed and the existing heat exchangers
is to be used. A computer program simu]étion of the York heat pump gives
results for‘COP which are too.hfgh; Heat tranéfer'measurements for the
design‘of the fluidized bpdihgat exchangers using a bare. tube show an in-
crease in heat tnahsfer,cogfficient of about five'times for air velocity
of,o.s.méter5~per second usiﬁé_spherfca] élass beads 245 microns in diam-

“eter.

" 1. INSTALLATION

~ Construction of the pléhum has been completed. Ductwork has been
installed bétwegn the -heat pumb and the plenum and the system has been

run in the heating mode.

It was pfanned originally to have two identica].séparated heat
'puhb dnits, oﬁe'of which would use fluidized bed heat exchangers. The
berformanée of the uﬁits would only be affected by the difference in
fhé heat exchangers. HoweVer,-because ofzpossibie (unprediétab]e)
'differences in the compressors of two different units, it has'been

1~

I3



Ay

'decidéd to run the tests using the same heat pump.for bdfh typesAof'
heat exchangers. This means thqt the existing and the fluidized bed
heat exchahgers will be connected in such a way that the unit may opéjf
erate With 1) the exfsting heat exchangers, 2) the fluidized bed re- ;7
ap1acing either'one or the other of the existing heat.exéhangers, and
3),the f]uidized‘beds rép]aéing.both existing heat exchangers. The
same éoﬁpressor will therefore be used for:a]I éombinations of heat

exchangérs. A revised schematic of the systems is given in Figure 1.
2. INSTRUMENTATION

Preliminary pitot tube traverses of the ducts leading from the
indoor and outdoor units show good correlation of.air flow rate with
the manufacturers' figures. Measurements of freon mass flow rate

were held up because of a delay in obtaining quick disconnect fittings.
“3. SYSTEM MODEL

The first-resu]ts from the computer model of COP versus heat
transfer coeffiéient ﬁayé been obta{ned and give vatues of COP which
are too high by compafison‘with'the manufacturers' values (eQen wﬁen :
blower,. fan andicbmpréssor.heater powers are included). Most of
this isfcaused because some parameters (pressure drops, temperature
differegces, compressor efficiency) were estimated. They will be
determined more accuraﬁe]y by direct measurement. In éddition,'im-

' provements in the éna]yticéi‘aspects of the model are neceSsary and

are continuing.
) ’ .




4. HEAT TRANSFER MEASUREMENTS FOR DESIGN
‘ OF FLUIDIZED BED HEAT EXCHANGERS
In this reportqbéfiod, tests to obtain heat transfer data for

design'of'the fluidiied_bed-heat exchangers (Which is to bevsubstituted
in the heat pump system) wére~begun. A decision‘was made to obtain |
initial measurements wfth a bare tube (without fins). Figure 2
shows a sketch of the instrumented tube used for these initial measure-
menté. A copper tube of 0.95 cm outside diameter was fitted with an
internal cartridge heater to obtain a heated length 6f 10 cm; A
sheathed thermocouple was installed in a groove in the copper tube
to mgasuné tube wall .temperature at the middle of the heated length,
as indicétgd in thé:sketch. From the measured wall. temperature and
the measured power input to_;he~cartridge heater, along with an inde-
. pendeht measurement of coolant afr témperature, it.was pdssib1e to
‘determine heat trénsferacoeffiqieht between the tube surface and

coolant fluid.

The instrumented tﬁbe.was'fnsta]led horizontally in a'rectangular
‘bed vessel which provided upward airflow across the .tube. Figure 3
shows a scheﬁatic skefch of the test assemb]y. In the initial experi-
ments, the distkibutor-p]ate'was made from/a porous plastic plate
which had a relatively high pressure drop.‘:Plans‘cali for deve]opment '
and testing of other, low-pressure-drop distributor plates in the '
- coming months. The test heater tube was 1ocated with a center line
distaﬁce (L) above the-tbp.surface.of the distributor. plate. Pérfic]gs

for the fluidized beds could be loaded on top of the distributor plate
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- to any desired packed hefght (HO). ‘When flﬁidiied, the'depth of the
;f]gidized bed (H) would normé]]yhﬁe greater than}the tube elevation
 '(L) so that the hgat transfer tube is submerged in the fluidized bed.

The coolant ambient air.tgmperature was meaéured.by?a-thermocoup]e
located between the}disfributor plate and the test.tube;.as‘ihdicated

in Figure 3..

Data were obtained'first‘with no pértic]es in the bed. These
data, therefore, represent just convective heat tfansfer to air in
cross- flow over fhe test tube. Résu]ts are shown .in Figure 4, where
the different symbo]s indicate'measurements wiih the tube wall thermo-
couple at var1ous angu]ar positions (w1th 0° denot1ng the top of the
tube and 180° denot1ng the bottom of the tube) It is seen that w1th
a1r ve10c1t1es in the range of 0 to 1 2 meters per second, typical heat

transfer coeff1c1ents were.jn.the range of,QO to 90<(EF3E91 There
'was no significant difference for data obtained at various circumfer—
ential locations around the tube, as indicated by the three thermo-

couple locations.

A second series of experimeﬁts were pérformed:with glass bead
particles (245 micron mean diam?ter’ as the fluidized bed medium. The
particles were.ldaded:to;a.packed height (H).of.3;8,centimeters.‘ The
center line tube e]evation‘(L) was 2.2 centjmeters;.‘Results are shown
in Figure 5 where~again;the dfffergnt symbols indicate measurements
made at different circumferential: locations aroundvthe,tube. As seen
froh Figﬁké 5, there is a noticeable, though sﬁa]]~(apprdximate]y 10%),

yafiation‘of the heat transfer coefficient around the tube in this -
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fluidized bed mode. .More significantly, wé hote.that with the tube in
‘ the f]uidized'bed, fﬁe heatAtransfef Coefficieﬁts weré indeed greater
‘than those obtained with'just'dir convection..-Combaring the results of
‘Figures 4 and 5 at an air velocity of 0.5 meters péf second, the heat
.transfer-coefficfenté forAtﬁfs pafticu]ar f]uidized'bed'were épproxi-

mately 500% greater than those for air convection at the same velocity.

’These experiments<afe-continuing in thé coming months. Additional
data will be obtained for different types of bed particles and for dif-
ferent tube elevations and:packed bed Heights. In additidﬁ, development

of:]dw-préssure-drop distributors will be initiated.
5. PERSONNEL

" Since the begihning of the éﬁrreht term of the_project, Professor
John C. Chen ha; deéoted.ten peréehf bf Hié‘tfme to the project and
lProfessor Robert.G;'Sarubbi, fifteen.percent. These percentagés_of
-1 ﬁarti&ipation'have continued -at the same rate through May 1978. Pro-
fessor John C. Chen_wi]T.cdntinue.at<a.rate of twenty-five percent for
twa summer months and»§kofessor Sarubbi at fifty percént for‘two éummer

months, through August 1978.
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