APPENDIX E

TESTING AND ANALYSIS OF A HEAT WHEEL HEAT EXCHANGER

Dr. M. Shoukri
Ontario Hydro Research Division

E - 1 Dr. S8houkri's paper

E - 2 Discussion



THE PERFORMANCE OF ALR-TO-AIR REGENERATIVE
ROTARY HEAT EXCHANGERS FOR WASTE HEAT
RECQOVERY IN RESIDENTIAL VENTILATION SYSTEMS

by

I

M. Shoukri, Ph.D., P. Eng
and

N.S. D'Silva, P. Eng

Ontario Hydro Research Division
Toronto, Ontario

presented at the

CMHC Industry/Sclence Seminar on Controlled
Ventilation wich Exhaust Air Heat Recovery for
Canadian Housing, Ottawa, 26 Octcber 1978



NOMENCLATURE
A - heat transfer area on side designated by subscript,
££2 (m?)
Ag - area available for longitudinal conduction on side

designatad by subscript, £t2 (m?)

c - specific heat, 3TU/lby®F (KJ/kg°C)

c - heat capacity rate of fluid = ﬁcp, BTU/hr (W)

Cp - heat‘capacity rate of rotor = 60 mypcyN, B3TU/hr (W)

h - heat transfer coefficient, BTU/hr ft2°F (W/m2°Q)

4 - thermal conductivity of the rotor material, BTU/hr
£t °F (W/m°C)

& .- mass flow rate of £luid, lbm/hr (kg/h)

T rotor mass, ilby (kg) |

N - rotor speed, rpm

NTUs - overall number of transfer units

Q - Ventilation air volumetric E£low rate, ft3/min (m3/s)

T - air temperature, °F (°C)

W, - lezakage rate, (£t3/min) (a3/seq)

We.o.— carrvover rate, ft3/min (m3/sec)’

Subscripts

i - inlet
o] - outlet
e - exhaust

S - supply
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L. INTRODUCTION

With the increased cost of energy supoly, considerable efforts
have been directed towards energy conservation. Conservation
houses are intended te be nearly air-tight to cut down on dif-
ferent sources of energy losses. This develooment will
increase the need for forced mechanical ventilation systems to
be provided in future homes, In such ventilation processes,
alr at room temperature ls exhausted to the outside and
replaced oy cold or hot air (depending on the season) which
ought to De heated or cocoled to the rocm temperaczure restec—
tively. The esnergy losses assoclated with these procgcesses ars
cnsiderable and tend to make air-tight homes less aconcmical
to operate.

However, scome of this loss, hopefully most ©¢f it, can be
reclaimed by providing an efficient heat exchange zetwegn the
exhaustad and intake air. The air-to—air regenerative botany
neat exchanger, which is scmetimes referred to as "thermal
wheel" can be used effectively for this purpose. It has two
main cavantages over other tyvpes Of heat exchangers, namely,
compactness and tigh effechiveness.

As shown in Figure 1, the thermal wheel consists Qf a cylin--
drical rotor packed ‘with an air permeable med naving & large
surface arsa that Ls expcsed to the air streams and transisrs
it to the cool one. The rotation of the wheel orovides z2 Zlcw
of energy from the hot to the cold air streams. Although the
design and performances Of regenerative rotary heat exchangers
is, more or less well established Zor large industrial appli-
caticns, small its to nhandle residential ventilaticn races
are lacking.

"
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elopment of a small air-to—alr rotary neac sexchange
j applications was undertzken by =he Mechani
mens of Oncarioc Hydro. Qur contribuzicn is
tze ﬂemons--ac on of the principle and =Valua: on
tencial use for rasidential applications. So far,
included the construction and testing of a prototype
hanger as well as the Zormulation <cf a numerical model
t of the performance of regenerative rocary 2es
s which Proved to te very useiful in ogrcimizing
£ this tyve of hea: exchangers.
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2., THE PRCTCTYPE HAZAT EXCHANGER

n

.1 Ceonstruction

The rotcer was constructed of 25 gauge utili
sneet (0.4 mm thick). The aluminum sheet w
vassing it oetween Lwo crimping rolls. The
tal nilling nachine was used to turn the o
Tigure 2. As the reguired lsngth of corrugat
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produced, the lower crimping roll was replaced by a smooth
one. Two layers of the sheet metal, a corrugated one and a
£lat one, were passed through and tightly coiled on a 1lé mm
steel shaft to form the rotor. The rotor was mounted in a
reinforced aluminum £f£rame which was divided into two separate
sections as shown in Figure 3. A chain and sprocket
arrangement was used to rotate the wheel in the range 3 - 12
rpm by changing the geer ratio. Reinforced rubber seals wers
used to reduce the leakage from one strzam to the other. The
£inal dimensions of the rotor were 400 mm in diameter and 300
mm in length.

2.2 Performance Tests

The perZcrmance tests of the prototype were carried out in z!
winter season using the experimental set up shown in Figure
Qutside air was drawn through duct 1 and room air was drawn
through duct 3. This arrangement closely simulated winter
operation in a residential installation. The simulated acme
conditions ie, duct 3, were controlled using a heater and
humidifier. Temperature and Zlow measurements were carried
out in the locations specified in Figure 4.

e

EES )

The experimental data are presented in terms of five
dimensionless groups usually used to describe the verformance
of regenerative nheat exchangers which are listed in Tzable I,

Tigure 5 demonstrates the lncrease of sensible heat recovery
rate with increasing ventilation rate and the initial

By converting the heat recovery data iLnto effectiveness
as shown 1in figure 6, the effectiveness 1s shown to dec
slightly with increasing ventilation rate, within the ¢
range, and to be ilndegendent of the initial :temperaturs
difference. The average effectiveness was L1n the order cf
73%.,
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The effect of unequal mass £low rates 1n the supoly and
exhaust ducts is also demonstrated in Figure 7 where
decreasing the parameter Cmin/Cmax resulted in increasing
effectiveness., So far as the effsct of rotational sseed is
concerned, it was expected that an lncresase 1n the rotor sgeed
would lead to nigher effectiveness. EHowever, when tesis wers
carried out in the range of 3 - 12 rpm, nc significant

difference in effectiveness was observed apvarently because
the rotor heat capacity was too high due t¢ its large . mass.
guantitative explanation of this goint will be shown later,

w

One of the important considerations in designing and ogerzting
rotaty heat exchangers, is the air leakage and carry over Ircm
one duct to the other. Figur= 8 shows a schematic of the

leakage paths in the thermal wheel. Leaxage at the rotor Iace



across the seals is a function of the pressure difference
between the two ducts and can be reduced oy minimizing this
pressure difference and by the use of proper seal. However,
in situations where leakage from the exhaust duct to the sup-
ply duct cannot be tolerated, the supply duct should inten-
tionally be Xept at slightly higher pressure than the exhaut
one, Carry over is the air which 1is entrzpped in the rotor
passages as it rotates from one duct to the other. Carry over
rate is easily predicted as the product of the void volume
times the rotaticnal speed. Tracer gas analysis technigque was
1ised to assess both leakage and carry over in the prototyTe.
The results ares shown in Figures 9 and 10, Details cf the
construction and performance data of the prototyse heat
exchangear were included in reference/l/.

Althcugh the exercise of constructing and testing the proto-
tyze rotary heat exchanger showed goed potesntial, Two prob-
lems were noticeable:

1. The 73% effectiveness cbserved was less than the exgected
effectiveness based on the design procedurss specified in
different heat exchanger nandboox;/ 3/,

2. The hotal weight ¢f the rotor was about 30 kg which mav ze
undesirable for the use in residential applicaticns.

3. TEE NUMERICAL MODEL

In order to better understand the interaction hetween the

‘f-‘

o
L

farent design parameters so that our ces1gn can de optimized,
a numericzl mcdel was formulated in which the governing dif-
farential egquations for the neat transfer between the Totor
matrix =nq the air streams were solved using finice diffesr-
ance scheme similar to that gresented in/4/. However, the
effact cf heat conduckicn in Zhe rotor matsrial in zke longi-
tudinal direc:;on, sarzllel =20 the flow dirscticn, was inclu-
ded in the formulation wnich was negl=acted in/%/. Detalls of
the numerical model were preseantad in/S/.

The resulzs demonstrated that the longitudinal heat conduc:tion
is an important parametar and that a conductiicn parameter
defined as:

XAsc Aec
A= (1 + —]

Csg Aasc
snould se included intc the list presented in Table I. Scme
£ the results of the nrumerical model as rslated to the gro-
totvoe periormance are shown in Figures 11 and lZ.
The =ffact of longitudinal heat conduction is shown in Figure
11 wnich shows &the oredicted sffectiveness when the lcncz:g
&inal conduction is neglected (M = o) as comparad to the case
whnen A= 0.2, Bv using the value of 0.2 fcr the conducticn



parameter, which corresponds to the prototype condition feor
Flow rate of 0.04 m3/s (85 cfm), the effectiveness is much
lower than that obtained by neglecting the conduction effects.
This explains why the prototype showed a lower 2ffectiveness
than the designed value,

The effect of the rotor heat capacity is shown in Figure 12.
It is clear that iLncreasing the rotor capacity Cr results in

nigher effectiveness up to a value of 5 for the parameter Cr/Canin

peyond whnich no significant improvement is achievabls. Since
Cr is proporticnal to the prcduct of the rotor mass and 1ts
rotacional speed, and since the prototyre was overated Zeycend
this <ricical racio, no significant effect Cf changing cthe
rotor speed was opserved.

4, CLOSURE

The results of this work were used to design & new rotarv heat
gxc¢hnanger using a2 honeycomb structure made of £oll papers
having & thickness of L/10 of the metal sheet used for the
orototype. This will result in a much lighter heat exchanger.
The raduction in the aresa available for longitudinal
conduction will result in higher effectiveness while the
reducticn of the rotor capacity should not aifect the
effectiveness significantly as long as the ratio Cr/Cain is
proverly chosen as shown earlier.

H
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The numerilical model was used w0 optimize the new heat
gxchanger design for wventilaticn ratss of 0.02 - 0,048 m3/sec
(50~100 scfm). The final specifications wers:

Rotor diameter = 40 cm

Rotor lengzh = 18 cm

Total welgnhz = 9 kg

Average =ffectiveness = 83%

Performance tests ars currsatly carried out Zor =his heat
exchanger. It will be installed in a 4YUDAC conservaticn house
No 2 in Otzawa Ln the near Iuture so that f£ield experience
could be also established.

ih

To Dr. T. Tllis for his involvement in the early stages ©
this werk.
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TABLE |

N = F(Cmin/Cmax, Crc/Cmin, NTUo)

EFFECTIVENESS = 1)

Cmin
Cmax

Cr
Cmin

NTUo

{(nA)*

‘(!‘:'__QB ) min

( |ile)rn0x
meCpr N
(imCplmin

(hA)s
C min

(hA)s

(hA)e

i

(hCp)s(AT) ACROSS THE WHEEL IN THE SUPPLY DUCT

(MCp)Ymin (AT) SUPPLY AND EXHAUST INLETS IN THE WHEEL

CAPACITY RATE RATIO OF THE TWO STREAMS

CAPACITY RATE RATIO OF THIE ROTOR MATRIX
TO THE MINIMUM FLUID

bl l(hA)"‘ ] = OVERALL NUMBER OF TRANSFER UNITS

CONDUCTANCE RATES
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FIGURE 2
PRODUCING THE COF?RUGATED SHEET

METAL
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FIGURE 3
THE ROTOR AND ITS ORIVE



CRY AND WET 2ULE ATMCS FHERE
TEMPERATURE |
MEASUREMENTS IY
FLLOW RATE g'"";
& - i
MEASUREMENTS AP | AN | : '
/] ! l / \ | !
Y | . ! l/ 3\ [ '
i \ £ . H
s / * 2 \o “ ' lc’l l | e g g
r 4 — 1 ] >
——-’-[ O . mﬁm 3 ’ Ql G 1' ! - S — /‘ [
1 | | . A\
/ SLICTRIC HEATER L N \
HUMIDIFIER _l FAN 2
ARy \

HEAT EXCHANGER

FIGURE 4
SCHEMAT IC DIAGRAM CF THE TEST ARRANG=MENT



AT

}—

<

x

&

53]

[

n
-
<=
e
=z
i
<2
!

2}

t
o
z
P
T}
63}

4000

3QaQQ

2000

10QQ

AIR FLCW RA

T= m~/s;
Q.03 g.04 .05 9.96 0.07
i | P i |
o (To — Tg; )= 16.0°7(8,3°C)
< si . 5 . = 1.0
o (Tay = Ty )= 29.0°F (16.1°C)
— 0.73
"/.... 9.5
/
'/"/ N= 3§ rRPM — 9.2
Cmin/Cmax = |
[ l ! ! | | oo ! 9.9
SO 80 70 30 30 100 {10 120 (30 (40 (59
AIR FLOW RATZ {{t3/min)
FIGURE 3
THE SFFECT CF THE AR FLCW SATT ANC
AVAI

LAZLE TEMPERATURE SIFFEZRENCE
THE HEAT TRANSFER RATE

ER RATE

SENSIBLE HEAT TRANSIH

(kw)



SENSIBLE HEAT EFFECTIVENESS 1)
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(EXHAUST CUCT IS KEPT AT A LOWER
STATIC PRESSURE THAN SUPPLY CUCT)
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E - 2 DISCUSSION

Dr. Shoukri passed around a sample of aluminum foil honeycomb
similar to the type which they planned to use in their

second prototype. There was discussion regarding the possible
difficulty in cleaning the small cells of the honeycomb.

The wheel is intended to be demountable and weigh about

10 1b. It could be removed and washed in the laundry tub

but it is unlikely that it would be cheap enough to be
considered disposable.

Dr. Shoukri was not prepared tc predict the cost of this
design although he didn't think it would be very expensive,
He expected the second prototype to produce a pressure
drop along its length of 0.13 in. of water and have a face
velocity of 300 f£t./min. at a f£low of 50 standard cfm,

The first prototype produced a pressure drop of 0.4 in.

of water. The second prototype 1s designed to operate

at a rotational speed of 6 R.P.M.





