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The design of a low cost ventilation air heat
zes plastic sheets as the heat transfer surfac

fer. The costs of such heat exchangers would
building applications.
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INTRODUCTION
. Inithe past, heat recovery from ventilation air exhaust has not usually
been considered for small buildings due to its large capital costs relative to
the small, savings incurred from reduced heating loads. Now with more expensive
fuel gosts, heat recovery from ventilation air may be-one of the most cost ef-
fective ways to cut fuel consumption. This paper describes the design, cost
analysis and testing of a ventilation air, counter flow, heat exchanger which
would be suitable for use in houses and other small buildings. '
The efficacious application of a heat recovery system.for ventilation aiy
demands that a building be “tight" so that uncontrolled air flow leakage is re.-
duced to a small fraction of the ventilation air flow rate. This may be done by
incorporating an effective vapor and air flow plastic seal or barrier on all the
inside wall, ceiling, and floor surfaces and by eliminating such things as open
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chimneys and cracks in doors and windows. While new buildings can and should
be built to have such features at a modest extra. cost, older buildings might
require extensive retrofitting to be suitable for ventilation air heat recovery,
In addition, heating systems that are directly compatible with ventilation air
heat recovery are restricted to electrical heating, central steam or hot-water
heating, and solar heating. By isolating the combustion supply and.chimney for
fuel burning in buildings, one is able to make efficient use of a ventilation
air heat exchanger. ’

HEAT EXCHANGER DESIGN

For the purpose of laboratory testing, a ventilation air heat exchanger
has been designed and constructed as shown .in Figure 1. The heat exchanger's
11.36 @2 of heat transfer surface was constructed of eleven 0.15 mm thick poly-
ethylene plastic sheets such that each 50x203 cm sheet was placed 1.27 cm apart.
The heat exchanger was designed to operate in the vertical position such that
cold air entered at the bottom and flowed 2 m up through alternate sheets and
the warm air which entered at the top and flowed down. The exterior frame of
this counter flow heat exchanger consisted of 1.27x5 em plywood stripes covered
with S cm of polystyrene insulating board which gave .an effective thermal re-
sistance in excess of 1°C w2 W-! on all sides of the heat exchanger.

Pt

HEAT EXCHANGER TESTS AND RESULTS

no '

Tests were done on the heat exchanger over a range of flow rates from 0 to
3ad per minute and the temperature recovery fraction, heat exchanger effective-
ness and the overall heat transfer coefficient were calculated using the follow-
ing equations for the heat transfer rate:

q = mCp (T3-Ty) (1)
= m [Cp (T)-T2) + (Nx-wz)hig] : (2)
= emCp (T)-Ty) (3)
= UA AT : (4)

where

T a qmp = (T1°T3) - (To-Ty)
. In(1123)
2-Ty

For thermal energy recovery in ventilation air the most important thermal para-
Beter is the temperature recovery factor, (T3-T¢)/(T}-Ty), or heat exchanger
gffectiveness,. ¢. '~ The results from tests presented in Figure 2 suggest that
-Yery high valtesrof ‘heat exchanger: éffectiveness exist at low flow rates. In
.Addition, the hedt e&&hhhgerfef%ecii?éhess as a function of number of transfer
-dnits, NTU, may be compared:td tHé'tﬁeofﬁgical results for the case.m C, /thPh
= 1 as shownrin:Figure 3. 'That is, : N ¢
1Y it
. -r NTU . U @ : . 5 gt
€T TN " e e )

SE
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when iéCPc/'hcéﬂ :vlwfor'a counte;flow'heat exchangbf where ﬁTU“is defiried by
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UA

(6)
nccPc ‘

NTU =

_The overall heat transfer coefficient,-U, is presented as a dimensionless
Nusselt mumber Nu = 2 UD/k as a function of Gr/Re? in Figure 4 where Gr/Re? has
been shown to be the appropriate dimensionless parameter in forced/natural con-
vection problems. It can be seen from these results that the Nusselt number
increases substantially beyond that for a fully developed laminar flow in long
ducts with constant wall heat flux. An approximate correlation of the experi-
mental results is given by the equation
+ Nu= 3.6 + 3,4x10" (Gr/Re2)? 73

It would appear that buoyancy effects, as given by the Grashof number, Gr, in-
crease as forced convection effects, as given by the Reynolds number, Re, de-
crease. Attempts to operate the heat exchanger against the gravitation forces
which indicated heat exchanger effectiveness of much less than .5 would add
further evidence to this theory. Flows against gravity not only produced low
heat exchanger effectiveness values, but they are inherently unstable and the
results are:not necessarily reproduceable with slightly different experiments.
Hence, no further investigations were made of the inverted mode of operation.

In cold climates heat exchangers may condense water and freeze up if warm:
moist inside air is cooled down below the local dew point or freezing point of
water. When freezing occurs, the layer of frost forms on the inside air flow
channels which restricts the flow passages and reduces the heat transfer rate.
Long term tests showing the reduction in temperature recovery and flow rate as'
a function of time are presented in Figures 5 and 6. Again, if the flow rate
is small, the: efficiency is seen to maintain a high value prior to gradually
dropping to very low values over a period of days. Freeze-up of the heat ex-
changer causes the deterioration in performance, but periodic defrosting of thi
heat exchanger rapidly restores the heat exchanger ot:its original performancs:

COST CONSIDERATIONS
- N =
The total present value cost of introducing:-a ventilation air heat ex-
changer which is financed over a number of years of operation, N, consists of
the initial cost of installing the heat exchanger, Cy, plus the cost of thermu:

energy over the same number of years required to preheat the required ventila-
tion air up to room temperature, Cp. That,is

oy
- - Wt

L =G Gy "R by e (8

where the heat exchanger cost may be assumed to vary directly with its heat
transfer area A such that

C. =C;

1° %t ‘?12 o -
L o s i
o Fa b e h ~ Tt gl
and . ¢ " : 5
Ce
CA = K n—f (1-€) fyear mcCPc(Tr-Tq) dt
or
X C, Q
C.. = —1

TE nf (l-E)
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It can be seen from (5) that a

1 H |
T+ N (11

.

For a constant rate of air flow required for ventilation NTU will vary directly
vith the UA product in (6) where .

l-g =

Nu K
U= 55

The Nusselt number was shown to vary in Figure 4 with the parameter Gr/Re? in a
quadratic manner as given by (7). The parameter Gr/Re? is given by DggAT/V2
where both the temperature difference AT and the flow velocity tend to vary in-
versely with the heat exchanger area, A, over finite changes in 1/A and for a
specified flow rate. Combining these equations for NTU in (11) finally gives
approximately L R

S ST
1 * <

A I N WY ot X (12)

- .¥ L
where A is in m2, The condition for minimum cost is given by

d C KN
T i
—_— = : L I A (13)
dA ' FEA N
- " ™ 1
1 b [ - R
. ; B A ok
~ 12 3T = .20 2
; m [l + ,20A +1,0A = .20 + 3.0 A (14)

T L

vhich gives an optimum heat exchanger area of approximately 50 m2 for a typical
house., The corresponding effectiveness as given by equation (12) is nearly 100%
under normal flow conditions. Dust, condensation, frosting, and variable flow
would likely given lower values. Furtherniore, ‘natural convection will cause a
small flow rate under most conditions so that Nu and e will be limited. Diffe-
Tent load cost and climatic conditions would yield other sizes.

X

The ‘design of a low cost ventilation air heat exchanger has been presented.
Such a heat exchanger could be used to recover most of the thermal energy from
ventilation air which must be brought into buildings by fans. The experimental
results indicate that such a heat exchanger should be operated so that gravita-
tional forces assist the flow and hence the heat transfer when the flow rates
ire low and the flow is laminar. The method of optimizing costs over a speci-
fied period of time presented indicates that the use of low cost materials such
25 plastics permits the designer to use very high heat exchanger effectiveness
values. In very cold climatic conditions where frosting occurs periodic de-
frosting must be provided for in the design.
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