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DESlcN OF LOW @ST VENTILATTON AtR HE^T EXCHANGERS 6l j

chlElcyl ¡¡rd c¡acks ln doots snd nindovs. Ì{hl.lc nen bulldlngs can and should
bc bullt to have such fcatures et a rcdest Êxtrr cost, olde¡ buildings dghtrequirc cxtcnsive retrofittlng to be sultable'for veniiration eir heãt reðovery.In ¡dditlon, heating systêns that are dircctly coupatiblc vith ventlletlon air'he¡t^rccovct7 are tcatrictcd to clcctrlc¡f tcittngl, central stean or hot.weterhcrtlng, e¡rd solar heating. By tsolatl.ng the ro¡õlrgtion supply and. chimrey forfucl-burnin¡ in buildings, onc is sblc to rake ciriói"nt utl'oi a ventilationri¡ heet cxchanger.

HEAT EXGIANGER DESIGN

. .For the-purpose_of labo¡atory testlng, a ventiiation air heat exchanger
ly,!.9 !:r.ig":d-and constn¡cted as strmr¡ in Figure r. Thc tieet "r"r,i"liiì,¡1.56 r¿ of heat transfer surface ras constructed of eleven 0.15 m thici poly_ethylene plastic sheets such that each 50x203 cn sheet was ptaced 1.27 cn àp".t.
The -heet cxchanger ras designed to operete in thc r"ïtil"i f,osition such thåicold rlr cnteled at the botion and fioved 2 r up tu¡,fl¡gh-"r'tcrnate sheets andthe r¡r:r ¡ir which entered at thé top and floycä d""å':" Th; exte¡ior frane ofthis counter flow heat exchang"r "oniistld 9! r.27x5 .éú ;ir;ã-r;;ip"rîã"]""¿
:l!l s cr.of polystrrene insuiating board nhich gave.ån ii'fcctr.,e thernal re-rrrEurcc tn ercess of l'c u¿ t-¡ on ell sides of the heat exchanger.

HEAT EXC}IANGER TESTS AND RESULTS

, . Tests.were done on thc heat exchanger over 
" r.lg" of flow rates fron 0 toJ l' pcr ninutê and the teuPeraturc recovcry fraction, heat exchanger effective-ne¡s and rhe overarl heat transfer coefficilnt wcre cálcutateã;;iil J;-;;ii;;_ing cquations fo¡ the heat t¡ansfer ratc:

g ' n"Cr"(Tr-Trr) (l)

= nnlcrn(Tr-Tz) * (ro¡-ro2)hlrl G)

- c n"Cr"(Tt-Tr)
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(3)

(4)

rhc¡c

T ' I.IçID = l3r-T¡)=- ÍTz-1¡)' rn(*r*r¡¡2-¡t
Fo¡ thc¡ral cnetgy recovetlr in vcntilation air the Eost inportant theroal para-
i:::-ì:-ll!-."y:r"ture ¡ecovery factor, (T3-T,.) / (Tr _T,,) ,- or heat exchanger' rrtectivene3sr. e. -Thc ¡csurts f¡on tcsts pres.qntcd in rigure 2 suggest tñat,11? hrgh v¡lt¡èôrof,hcàt ixchanger;brrc.ctiicn"rt 

"riti "l'ro, floiirate,s. In,çddltion, thc htit eiÈhangeriefÍccliv¿n.ss as a fi¡nction of nr¡nbcr'of t¡¡nsfer
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rhcn r¿cr"/\cpt *'lsfot a counterîlov'heat exchsnger rhere muìi, defided b',
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.The ovcrall.hc¡t tranife¡ coefficientr'U, is presented ¡s e dincnsionless
I'lussclt nrnbe¡ Nu ' 2 uD/k as ¡ frmction of G;/Rc2 in Flgurc 4 vhere GrlRe2 has
bcen shom to bc thc ¡pprop¡iate dinensionlcas parametc¡ in forced/n¡turel con-
vection problens. It can be seen fron thesc results that thê Nussclt nu¡ber
increases substa¡ltially beyond that for r fully developed lanina¡ flor ln long
ducts nith constant rall heat flux. An approxinete corrclation of the experi-
nental results is given by the equation

r Nu - 3.6 + 3.¿lxloq (Cr/Rc2)2 (7)
. ir
It would appear that buoyancy effects, as given by the Grashof ntnber, Gr, in-
crease as forced convection effects, as given by the Re¡'nolds ntrnber, Re, de-
crease. AttêEpts to operate the heat exchanger ageinst the Sravitation forces
nhich indicated heat exchanger effectiveness of nuch less than .5 would add
further evidence to this theory. Flows against glavity not only produced ìor
heat exchanger effectiyeness values, but thc)' are inherently tmstablc end the
rÇsults arc;not necessarily reproduceable with slightly different erperinents.
Hence, no furtheÌ investigations were nade of the inverted node of operation.

In cold clinates heat exchangers nay condense rreter and frecze up if van:
¡roist inside air is cooled down below the local dew point or f¡eezing Point of
xeter. When freezing occurs, the layer of frost forns on the inside air flor
channels Hhich restricts the flow passages and ¡educes the heat transfer tate,
Long tera tests showing the reduction in te[peratu¡e recovery and flow rate as I

e frmction of tine are Ptesented in Figures 5 end 6. Again, if the flox ratc
is snall, the,efficiency is seen to naintain a high value Prior to gradually
droppinf to very lo¡r values ovêr a pe¡iod of days. Freeze-up of the heat ex-
changer causes the deterio¡ation in perfornance, but periodic defrosting of tht
heet exchanger rapidly restorcs the heat exchanger otj its original perfornrancci

cosrcoilSiDERATIoNs.. ',,', ¡i,,

The total present value cosi of intrlducing:a ventilatlon air hcet ex-
changer which is financed ove¡ a nurnber of years of oPe¡ation, N, consists of
the initial cost of installing the heat exchangçE, C¡" plus the cost of ther¡ar
energ:f over the sane nr¡nbei òf years required to prcheat the required ventila"'
tion air up to rooD têtrperature, CA. - That".,is

. !,t = cI * c,t 
""¿'"'..

where the heat exchanger cost nay be ássuned to vary directly vith its heat
transf¿r area À such that

, jL ¿fI'

cI=ctl .lt?.o r,l,'
ai¿ /" l' ': '' î' t "í i 4
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15;

cA = K ff ,r-., /y"", ""cp"(TÌ-Tq) 
dt

or
l(c.Q

cr, -;i (t-e)
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It can be seen fron (5) that

l-c . -Jñil
For r constant rate of air flow
¡ith thc llÂ product in (6) xhere

6tt

(ll)

requ*i¡ed for ventilation NTU rill väry dlrcctl¡,

(r2)

u - %x .,
:i

The Nussel.t nunber was shorvn to vary in
quadratic nanner as given by (7). fn.
rh¿re both the teÍperature difference Á
versely with the heat exchanger area, A
specified flov rate. Conbining thesá c¡PPro¡inatêly 
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rhere A is in ¡n2. The condition folninimrrr¡ 
"ora i, given by
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a of approxinately S0 n2 for a typicals given by_equation (t2) is n"".iiloôt
ensatign, frosting, and variabl" flo*ore, natural convection vill cause ahat Nu and e will be li,nited. Diff;_ld yield other sizes.
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