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In Amstelveen, The Netherlands, an apartment complex of forty two units has been build. 
Sixteen units are extreme low energy apartments. These apartments are very well isolated and 
have air tight facades. Moreover, they are equipped with solar collectors for the domestic hot 
water system, a high efficiency boiler for space heating and additional heating of the domestic 
hot water, automatic controlled sun shading devices, a balanced ventilation system with heat 
recovery and an advanced control system that controls the indoor climate, the mechanical 
ventilation and the sun shades according to the measured indoor temperature and outdoor 
climate. In the winter the apartments use air from the atrium which is always some degrees 
higher than the outdoor air. The balanced ventilation system with heat recovery will be 
discussed in this paper. Before the units are installed in the apartments, one is tested in the 
laboratory of the Delft University of Technology. Depending on the climatological conditions, 
the efficiency of the heat recovery unit is between 72.1 % to 84.5%. The yield factor, when the 
recovered heat from the ventilator is also accounted for, is approximately 5% higher, between 
78.5% to 88.5%. Bl an average atrium temperature of 5 °C it is possible to recover 
approximately 115 .m gas-equivalent annually from the exhaust air. 

1. Introduction 

In Amstelveen, The Netherlands, an apartment building of forty two units, called 'Urban Villa', 
has been build, see figure 1. Sixteen units (dark coloured) are executed as extreme low energy 
units according the IEA TASK XIII energy concept, namely an annual energy consumption for 
end users of not more than 45 kWh.m·2

• Of this, auxiliary space heating comprises not more 
than 16 kWh.m-2

, including electricity demand to drive pumps and ventilators. 

The units are very well isolated and have air tight facades. Great care has been taken to avoid 
cold bridges. To achieve this target, diverse conservation technics, strategies and energy saving 
appliances [1,2,3] are used, such as: solar collectors for the domestic hot water system and a 
high efficiency boiler for space heating and additional heating of the domestic hot water, a 
balanced ventilation system with heat recovery and an advanced control system [ 4,5] to control 
the indoor climate (3 individually controlled zones in the apartment), the mechanical ventilation 
system and the sun shading device according to the measured indoor temperatures and outdoor 
climate (solar radiation, outdoor air temperature, wind and rain). In the winter the intake air for 
these 16 low energy units is taken from the atrium. Because of all these measures, the total 
annual energy consumption is approximately 36.75 kWh.m-2

• 

One of the components that contributes to this extreme low energy consumption is the balanced 
ventilation system with heat recovery. This system must have a thermal efficiency of at least 
80%. A prototype has been tested by the Delft University of Technology [3]. Because the 
results were very promising, it was decided to use this balanced ventilation system with heat 
recovery, after some modifications, in this project. 
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This paper will discuss the test results of the modified heat recovery unit. 
i'1' 

' ' ' 

2. · 'fb.e ventilation.'sy~f~m 
; 

1 
; I ' ,.~ : ( : • l ; : • ~ . ~: ' ' : 

Be()ause of the very good air tightness of th~se ex;treme lc:>w energy apartments, a mechanical 
ventilation system is recommended. To re6over the heat from the exhaust air, a balanced 
ventilation system with heat recovery is used. In the winter the recovered heat from the exha,ust 

• • . . i 

air is used to heat up the supply air, that is taken from the atrium. The preheated air is supplied 
to the living room, both bedrooms and to the kitchen. The exhaust air is taken from the 
bathroom, toilet, kitchen and the technical to.om. 
11?- the summer, when the .~1ftdooi:.}emp~r~filr7 ishi~her)h#l J~.~C.or th'e .~trium t,emperature is 
higher than 17 °C, the su1jply ventilator is ~witched off when an outdoprwmdow'\)r the balcony 
door is opened. The exhaust ventilator is never 'switched off. The intake air is then supplied by 
natural means through the outdoor windows or balcony door, while the exhaust is still 
mechanically. 

' 

The ventilation system has 3 positions, low (100 m3.h-1
), middle (175 m3.h-1

) and high (250 

m3.h-1). The high position can be swit6hed on by a switch in the kitchen and in the bathroom; it 
stays on for 1 hour and then returns to the last position. At day the ventilation system stays in 
the middle position and at night it returns to the low position. 

' l ' ' I ; 

3. 'f1he he~~ r~covery unit 

The heat recovery! unit [6] consists of a doubfe blode' cross 'flow plate heat exchanger. The 
blocks are arrauge;d in series. In front of the inlets of,the he~t · exchanger are air .filters. The 
difference bet)Yeen the protot;ype ~~d , t~ p, o.4i:f\~9 uajt. is ~he1 ,<lr!fi~gement of the supply and 
exhaust ventilators~ In the pro otype these an~ pl<\ced at the entrance of the flow stream, }Vhile in 
the modified \refMon these are plated a ., !he end, see' figure ' 21• A's-a consequenc'cl, in the 
prototype there exists an over pressure in the heat recovery unit 1 In the modifiyd version 
however v.;-e ge( an under pressu ·e in th~. heat reco ery uni~ .. As ;we will see. later, this 
aiTangemerlt will influence the perfofm,ance

1of the mtlts. · · · · ' ' ' 
r >' . . .. r. , . ~ l ,Jt.l', , l :r , '• 11·~r11 ", .1~j : .,·-· 

Figur,q, 3 shows an open unit of the modified heat recovery system in the test rig. The 
ventilators and 

1
Ql,9pks are placed in a plate steel housin~ 1witq, a remov,able air tight cover. To 

change .the air Hlters, the cover must first be opened· arn;l, rem9ved. Figure 4, shows the 
arrangemeht of the boiler and the heat recovery system fff thej 'technical room .0'f one of the 
apartments. 
1, :' t/IJ .1~·.·L.lcl 1 !(~:;01· : 1~ \c...- .~ · ( ,;;") 1J.-, [: IL~ ; ;1 ... -~ ·,i;"' ,:~"·. 1 ~): , :. 1 . , , ,. · n s: .. ~. 
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4. The thermal ef~ciency of a cross fl~w heat exchanger 
: . ~ v i~ ' ~~ . ' 1. . ~ ! :.· 

Schedwill [7] has done research on various cross flow heat exchangers, including cross flow 
plate heat exchangers. The maximum heat, transferred in a heat exchanger, ~·' , i~ ,givrn by: 

,• .· . .,111 '\1 . \ 
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As can be seen from (2), the expression for the thermal efficiency of a double block cross flow 
plate heat exchanger is very complex and difficult to grasp in a single number. It is common to 
denote the thermal efficiency of a cross flow heat exchanger graphically as function of two of 
the dimensionless parameters UA/W1, UAIW2 or W/W2 [7]. 

When two cross flow heat exchangers with the same thermal efficiency 0 1 are arranged in 

series, the total thermal efficiency 0 2 of the double block heat exchanger can be denoted in the 

individual efficiencies 0 1 as [3] : 

112 = 

(5) 
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One block measures 0.3*0.3*0.3 m and consists of 102 steel plates of 2.0* 10-4 m thick. The 
total heat transfer area is ·thus A ! ;:= 9.1 m~. With an air passage between tj\vo pll\tes-1 .of 
approximately 2.75*10-3 m 1.the total flow ~rea per side hec0mes approximately 4;. 12~no-~ m2

• 

For a maximum air flow of250 m3.li1
, the air speed in the·b.eat exchangeJ;"iis 1.68 m.~:\ww_~,~ 

hydraulic diameter (4*area/circwnference) of one air passage of 5.45*10-3 m and a kinematic 
viscosity of ai:r of 11.5*1Q-5· ni.2.s-, the calculated ~eynolds nun;iber. j_s Re ."'i 610. Jh~. D;an~itio~ 
·region fromAaminar to ttirbµlent is Re= 2300, so·!it is save to.<1S$J.mle 'l1lamiii;1r,Jl9w ·tP.i;gugJ.i 
our the whofo ventilation range .. In. this 4aminar region the heat,transf~r (;.peffi~i~~t; ~s Y, rf. J.2 
[W.m-2.K1]. Because the supply and the exhaust airJflowrates·are 1 the,same,~ soJW}7W2_~ i3lld:thlis 
thy thermal efficiency <?f one block cim be determined with equation (2). This is shown i11 figure 
5 as the lower ·grf!.ph):s ~mction 9fUA!W: The therrcltPefficiency oflthe doublei·t:>l©'c:LQ' rm·oss 
flow heat exchanger ~a'.rt finally be' deternnne'd with equation"e5) .'·This i'is shovv11' in fig.ore s as 
the upper graph .. This last graph ch?racterizes the th{:oretical thermal efficiency of the double 
block heat recovef.Y unit as·used.ni Urban'Villa . . i ':J" • ' •;)if;'• : .-,~ ' ,, II i ;IJ; il fJiWl()'~'.J i 

ii,'" 1·· ' 'I .• :.· ., iJ1·· · 1 ~II ~, ·1~ ~r: '.,:I ·1,·: \fJt C·'1;;. 
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The experimentaiiy determined .therrrial· efficiency a:nd yield ·factor ·of the: double 
bloclt\~rossnbwbeatred)veryunit .;: , :.: · ' 1 · •. i .• · '' · 1 ;·:. ~1 . ·r1: J:·r~ .y1 ·. · 

. /: • lj 1 '/1c.1·d 

From the experiments the thermal efficiency of the double block cross flow heat recovery unit is 
calculated according equation (6) (see also figure 2 for the used number notations): 
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with ~3 is the temperature of the supply air just after the heat exchangers, but before the ·sifpply 

,; venti!ator. ~ytl tb~. he_at . ad,9)~0,1}. of rhe Sl(~ply Ve,~watori~~ .aJs
1
? .~~en i~t<;> a~CO~~J; t~,e~'. thi~ 1ts 

called the yield factor ancl. denotedrpy 0 thit The yield factor: ~aq.. b~ fo~d w10- eq'-l.~~1?ilfi.~9) ~y 
substituting ~3 with ~4 (air temperature after the ventilator): 
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6. Internal and external leaks 
· :P ,. ' . I ;c 

Air ''leaks can' otetlr in the h~at recovery unit. We distingliish between internal and external 
leaks:.J'II'he intertial.,leaks"(i)ccur between the supply and the exhaust side vic.e versa and· the 
exte'rWal 1eaks from the :outside to the inside of the Unit vice versa. ' r r · ~ r '! ~; 

' i I~ 'J 1 ·, ~ I '~ _, L I : J 

WHen ai'i l~aks froni~he exhaust to the supply side, the thermal efficiency wl111in13rease, because 
the co1~ intake air is•mixed with the warm exhaust air. But.the air quality decreases, because, th~ 
exhau·st air! '(itfofoded :frem the kitchen and .. the toilet) is !recirculated 'back into the apartment. 
:Fhis is n~Ntc<;e'ptable .under all cll:cumstanctes. ! . ;;ti £ -. . . 

1 
i ). ,. •. , 1; . ,. ~ ' ,, , 

'.~ · ·· n 1 !,i ~ ' /[ • .. :1 •• ~ ;j . ~, - 1,t ?)J • •C:~ j 
1

" • • tL'\ l '• IJ~·· ,:.,,.,,· )• ··! ,., •: ~ 

.when, on~b.e:-other hand.air leaj<;s ,from the supply to, ~he eXhaust side. th¢ thiimal efficiency will 
de~ecise,, because the supplyair flo~ ;.vill decrease;, .9_l:l,~ ~hi~: doesn't iriflµerice,Jlje air quality. -

~u n L· .. ,, _, .... 1 ... i.1 1; ( 1 • ~ .: _ ,1 . . 

An external leak: means that heated air from the technical rnom will be mixed with either the 
supply or exhaust air. When it is mixed with the sti'pply air; the· thermal efficiency of the unit 
will be increased and rather clean air is recirculated; the air quality is not much affected. When 
the leak ;is to the exhaust si9.e, ,rno~ iconditioned air is, exhaust~. 1 thaµ necessary and this 
increase the heating requiiement:I>ut 'an together1:.it is better to p~ey.erit'. air le.aks in the heat 
recovery unit. · · ' 

; , \I. •. 1: 
I L ,.# 

7. 
;~·fl•. _ ['•< 1 ~ 1~u · 

The experiments 
; I,.. !! ~il r ::i" 

fl I '')J ' o \ 

·' ' i '•'l. ' 
I , . , . 

I • . I · . ·I/. • 1} 

The experiments include temperattire and air -flow 'meas~ements in the heat recovery unit and 
rµeyisuring the electric power at low, medirim and high ventilation rates. In figure 2 the location 
ofthe thermocouples is given. To determine the leaks, the air flows at the input and output of 
the supply and exhaust sides of the heat exchanger and at location 1, 4, 5, and 8 of the unit are 
me(:\~ed . r· . ,·1 :J l ' c• : . ':.\~ , , , _ , •!) , . . d 

'The
1 ~xper~ents . are'!perfomied at lhw~\riedium ~d high Ventilati~fi tateS'~ith :s~ o;·s 'and 10 

·
0c attiurt1 temperatures. The inddor temperature is kept cohsta:nt at 20 1°C. '. '"' '; . ' 'i ' ·, 

'·· 
8. Results of the experiments 

Table I shows the air flows measured at tlie•entr.arlce and' ~~tlet of the supply and exhaust sides. 
While the supply air flow increases over the whole ventilation range, the exhaust air flow 
decreases in the low and medium range. Only for the highest range it shows a small increase. A 
positive difference means a leak into and a negative difference a leak out of the side in qu~,tion. 
A~ the 19w and medi~ range the supply air inc~e~~s;, ¥1-or~ tl~~1 t?e .exhaust air ~~creases, so 
this means, that there 1s also an external leak. This 'external eak is more than the internal leak. 
The inte'rnal leaks decrease in the upper range. The external· leak'.s increase with the· ~peed. This 
is caused. by the deeper under pressure in the unit ·when ; th~~ ·:y~ntilators are i tupping in the 
maxini.~m range. The m~a~u~~d suppb~ f:Uld __ fifh~l;l.St air,f!g~~,at~~Jtf.e, over the whole ventilation 
range higher than the no~naj p~t.~d ~<?WS. . . . . · f 

- J, ' ' I . 1 1 ) I I '- I •. 1 1' ,l ; • '' _i ; . iJ'.'. . 

.. :• ; [', ; ·' ·".· f l •• I I I - • • · -' • • • .,__, ; ' 1 :~ , ! : f 1 '~: . - I~-::.' ' ) 

t!' -
; ·'-
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Table I Air ijows and leaks at various, ventilator speeds . . 

1 ' 

" ' 

, I 

Error:! Bookmark not Supply side Exhaust 1side I.' ,,·_, ' leaks :• 
· ; !'• I : 1 : . ) I \~ • t 

defined.Dv,3om 

3.6*103 * [m .s-1] 

3.6*103*[.m3·s-1
] i ii1tema~ · ~;extemal l 

" 

Low m 134 137 . 
I, •' ) i. ·" " I 

., 
J. 

100 out 148 l32 -- j ·. JI \ ....... '·'I 
, . \'Ji[·• 

I ' 

differertce1· +14 -5 l • '· 11 .. ... I 

5· •j ' J ·'9- :: I ! 

Medium 214 
,l 

20~} •u j I ~ ., •I ' '' , ., 
m 

175 out 231 205 

difference +17 ' l';-4; i1 ·' 4 13 ( .. 
I 

-

High m 325 293 .J 

250 out I 344 .. . 2915 · 
. 

'h1 ' 11·· . 
difference ; +19 . +2 .. ., I 21 - . 

I . - ' 

,,. I· '•"I'• ' ; .. I '.... , ; ', · ' l I .. ' 

The ip.temal and the extemal leaks influepce .t~e real: therµia\ efficieQ.~i~s, C:lnd: yield fay·~ors. The 
correction'is done in the next paragraph. · . , · · · . . . · . . 
I I r ~ ' ; I I j ( 11 ·: ' f ' : • .'' ' : ' ( ' I.~ : l I ( .' '· : _I I : ': . : r '; ' I I •• • 

Ii! '; 

Correction of the thermal efficiency and of the yield factor .i · • : , - ·-1· 
I . - I 

' 1 I• i · 'l\1 ( ' 

Bec~use of' th~ · leakage from exhaust to supply side, the cold supply air is mixed with air from 
the exhaust side and from the technical room, This results in increasing the thermal efficiency. 
rr.(!) .obtain :the .real thennal efficiency" the air-temperature after tl~eJ.leat .~xch~ger, ~-3/ii~~tl pe 
eorrecfe£Tlie·dorrected fu lemp~rature,' ~3< is deten:riilled by: : ': ~,;· . ·: :::r•· .. T .; . io; •J111 

' ;'1 ... ,., 1., ., .. t' ·' ' 'i"l 

r•\ ) ·. f '/, 
: . l.''.i 1(;, \ ':!f~~ dlt'!• 

• '1: . ~ i . ) · _ _;-: : l i I t' I ; ' 

with: 

'.'11 

~3 
i~· .1 ·, i~ l ~: . 1. ,.,r~ :_. · _: .. > 

= intake air temperature after the heat exchanger 
·. 

·; @13' .: !1, "'." corrected airitempetatilre after:theiheat excha..h.g1:fr:' 
~.iir (J:; ::!::l 1emaust foH~ffi.pr~fatur61 atthe btitraA~~ '' '1 · · ;r\ 

5 . · 111·,~.·1,,.:'.1. /' ',, 

~v,I = supply air flow at the entrance 

/ (8) 

:i :•, .()·. ( :'"t 



In Figure 6 the thermal efficiency, Olh, ahd the yield factor, C. th• of the heat recovery unit are 
shown. As has been said before, the difference betwe~n the thermal efficiency and the yield 
factor -is the recovered heat froni; 0the ventilator. It seems\ that this recovered heat increases the 
efficiency of the heat recovery unit by approximately 5% . 

. 
~· .•. ::-1-'.T~e yiei[i\j~(the heat recovery unit 

. . !-'. 11 

The yield.gf the .h~t .r:ecovecy. unit can be determined by equation (1) by substituting W1 with 
fiuation (2) and using the specific properties of air: This is __ given : i~ equation (9). W ~ 
µistihguisff'b~tWeen yield :exclusive the recovered heat from the yentilator, ~". : and the yield 
inelusive·the ~ecovered 'he~tftom the ventilator~=~~ ·. ,, ,,. :, · 

·' 
with: 

.. ~·~ 

.. ~,, 

0th 
O\h 
~ .·. 

v,o 

~5 
~I 
~ 

c 

I 

; -
, I)' 

·cD - 1111~ ~· ~v,o -. (85 81) • P • C 

-- · . 

.. _ . .. 

= yield oft~e heat recovery unit, excl. ventilator 
==yield oftlie heat recovery unit, incL ventilafor 
=thermal efficiency of-the heattecovery unit· 

=yield factor of the heat recovery unit 
.~!exfiRUSt aif-•l'.Tabld h:fohhTill 4' ; fQW'in'JI ,I 

' ' ' I 

= indoor temperature, constant at 20 °C · : '-' ,·. : ' 

=outdoor/atrium temperature, resp. -5, 0, 5 en 10°C 

= specific mass of air -; :. . :. ~· t 
= specific heat of air 

,, 
/ , \ .. I l .. ·~ 

. ... 

I! ' 

. , ,,, . 
- , ;. I .-• 

r , I , 1 -... ' · i 1 • • r 

(9) 

[W] 

[W] 

.') l. . .,~ -t · d I ~ I 1 

In., n~ttre 7 and lq~~r~. 8 .ru;e sh'!wn the. yields of the h~at recovery, ,U?it with·i(full r~ine}1<mo 
without (broken 1ine) the recovered heat from th{i ventil~to~. as.. ftw.ct~pn .q{ respectrv_ely th{i 
outdoor temperature and the air flow. -·--· · ·. ·•I.·'"' ' .J ·. ,, · · .. 

From the electrical power for the ventilators of 56, 97 and 176 W for respectively the low, 
medium and high speed, an average o(.39 W (69:6~), 5_8 W (59.8%) and 76 W (43%) is 
recovered and returned as heating eriergy in the supply air. ' · 

. : 

10 The contribution of the heat recovery unit to space beating 
~ l .. ) / ) : - ; ~ . ·q ' ·, '. 

~ 

As has been said in the introdµc~~f?R, the,,~p~ments,pf:1Jrbanr VillaLare ,very :· good isolated and 
the connectio~s ~e air tight. s?;in the wipt;r~· m.ost9rJ~~,Yl~~~~l~~~~~ ; air, js_ ~9.t~ined through the 
balanced ventilation system with heat recovery. . . . . _ _ _, 

1, (j ~ ·; .t ; l~~J ~' ') •J !.: ' (. 1 ~rlJ•< · - 1 

Assuming a daily use of the ventilatiqn.;~ystem·. of:;l8 hours.ju low., 5; :h9W"idn-'med~um and 1 
hour in high speed (bath, cooking, t~ilet)'in the 11¥~~~--s~i¥'.f~n,. (.Qp,~oi?i'?f 171 Ap_11~); tq~.~l~ctricity 
used for the supply and exhaust ventilators of the 5alanced venn1ation system is approximately 
350 kWh, whether heat recovery is used or not. . . . .. . .. . . .. . . . . _ . 1 
Tdn.e··:g~ required- fui:i l :space"1 iheatltig l ty .!~ 1 'rhea.hi-~Wd'odt 1temp€rliillte:1 of t2'o· 0t :fuid '.:· hU'tdoor 
t<1ppfirp~rr~ (afi;!Hi;i~ l~fBPyl·~ttµ-i;:} ,~(~· 1°~ . ·~ ~P.P.~OKUl'late.Ly. }40 m~rgasi. .. -111,::; ·: ~\ • '() C·') , ;> .. : ::· ~ 

When heat recovery is used, the supply air temperature is ih~~~~k~~fib:i ft'.3 £n~{Y6.;if ~e :iii- th~; 
medium and high range respectively. Consequently only approximately 25 m3 gas is required 



for additional heating. This means, that with heat recovery, appr8*:imaiefy 140 - 25 = 115 m3\fr 
gas is saved in the heating season for space heating. With a gas price of appro~irp.a.tely f 0.50 ip 
theNeth~lands(1994)this1lsasavingoff5'7.50ayear. ' . ' .,,,. .. 1

,, : • 
I• . · l; ! i , · ' : .1) ) IJ 111 

Because 1of the high yield factor of the· heat recov~ty unit, supply Air of!.:.5°G. will ~e11.heated to 
'·15 °C befure'it is introduced into the apartm'~nt, so' there is no· danger of lli'aU:gll.t." . 1 '.~ 1 

:_ 
' ) '.I'.'. .' i~.!.' :~ · · .~ ·; , · . ., · .. .. , '" ~ ".··.- ,· d 1n·:1 · ~ n :: .: .. ~'.-lli:.l 

: • ) ! ! 1; I: '' \' , ; !I ' ;Ii ,.·. \ I 'I· I 

11. The theoretical v~rsus the exp~rimental determine~I_ th~~111al / efpFie~~~Y .. ~~the heat 
·• recovery unit: ·1 J • ll ; JJ T · · · 1 '· J ;•./. · 

·• ( I I ' ) .. . J I •I ' ,.. ' q ' •, 

. :ril paragraph~- a heat transfer co~~fid~nt of l'.1 1~ 19W.rri"~:t<:-1 ; 1 is ' ~~~_;been f'?un~_f,or the heat 
exchangers ofthe heat recovery umt. · ' · d ·" 

1 
<. • 

1 
· 

11
· ' ; . ,; · , ~111 

,I .': ' I 

With (2) the heat capacity flow W can be determined for t~e low. medi.~ and high raµge; it 's 
1respeetively144.67,70 'ru.1d'lb8'.3[W.K1

]. 
1
' '

11 ·. 1111
1 • '"u' c'.i · 

,,. '1 ; ;;·1 .. ·-.1 l[(:lil,• ' ~ . '.) f I , . I .'~.111 r;1 1'.1;1· .. ,· ~' .~··,],, _;: ·1r ·i . JI) 1
; ,; IJ, 

Now the parameter u.N/W can be' determined, this i's respecti¥ely"3:S; 12.4 .ilid 1'$. Usihg figure 

. ?: . we:.i ~~ . ,f?nd 
0 
t~~ . t~eoretical0 ~hY.rmai, ~ffi,ficnc:y 1 ~. ; PtheoT' of.: the, ~ea,t recoyyzy1 unit; this i~ 

i:~spectivyJ¥ 82Yo,.79Yo and 74Ypl . .... ., . .. . . . .. , , , /; . .... .· . , .,, ., 
l ' \ ' / . I . ' I ·- ~ ' ' ' I . I . ~ I ' ' I • ' • • t ' I I ' ' · ·~ ' ' ' . • .• 

· I • ~ , . ; · I '· I: ' J'j '. [ ,ii ;· ~ ' ,] 11 '.i/ ·~ - ; ' 1 q ~ •J #~. l * . . 

As can be seen from figure 6, the experimental thermal efficiency, Oexp depends very much on 
·1th~. putdoor/atriumi'temperature. In Table :llf the . theoretical and. the e~etimentall thermal 
··:efficietmies~' l!Jth, and the yield f~ctots; 'C*1h,1 for' th!:i 1range· .:5 °0 oo tff°C 'ar~ 'gtvetL ·I~ ;s~.ems. that 
the theoretical efficiencies are good averages of the expelimental values.. · ' · '., · 1 

• r · .·' · 1 1 

I :' ,. 

Table II 

Erroir! 
Boo km 
ark not 
defined 

.~ 

UA/W 

ot!Jeor 

oexp 

(*exp 

. i' :: ., 
•l.' 

The theoretical and the experimental thermal efficiency 

3.6*103 [m3.s-1
] Low [134] Medium [214] High [325] 

[-] 3,8 2,4 1,6 

[%] 82 79 74 

[%] 84.5 - 77.1 81.5 - 74.9 77.4- 72.1 

[%] 88.5 - 82.5 84.5 - 82.5 82.5- 78.5 
. 

3r:: rt /!~·, n~l ·y:.·; \,·1n 11 t.._ ~~r-,r1;;i1· 'l1J 1.··~J ~ /::,··/(p /: '{'J bi:-\~:rL-;1ui '.;, 1 ~ .. 1:ii J:J~.:·r.:rq <:rr: ! 
-~ 1f,'HfJ~!! .1-i'ft J 

.- .8 ... 



l~ :ii , Discussion and;conclu,~ion ,. 1.. , • ii , " 

'f ' ,l ·,. Pres~hWd~y0houses are 'very good isolat~d 1ikd -~eat care is taken to pfevent 1'.r 
infiltration through cracks in the ~alls and connections between wall and window 

L .• , f.rame .. Becaus.e of this a mechanic41, ventilation system is recommerided to maintain a 
,_ gootl indq~f , a~r qu~lity.1 .~y usU;ig ,a bal39.ceel,;:r,~n~~lation sys.~~~j.rjth qea~ recovery 

sufficient neat from fue"exhaust arr can be recovered so that the annual gas consumption 
for heating the ventilation air is only 25 m3

• 

'L 
1 

B'ecau'Je 'frf the yi~l(ftad'd!'of 88.5%, in low sp~ed and 84.5% in"lWi~dium ~peed, intclke 
air from the atrium of 5 °C will be heated to 17.3 °C and 16.8 °C with an indoor 

, temperature of20.?C. These air temperatures are high enough to prevent draught. At the 
' highest speed the' yield factor drops to 82.5 arid the intake air temper~e becomes 

3. 

4. 

. 1,· 

6. 

15.25 °C. . , 

· rteaks, particui~1:Y' r 1 fr'~rii t~e exhau~t t6 
1
(:he intake ~ompktrneµt;, ~ust be _pr~vented 

under all circumstances. Especially in the new units with the position of the ventilators 
,,~qhe epd o,Qhe intake agd exh<\µst .1;1ath, great pare must b~ ta.key. to prevent l~*s . . ,., 

· To charige the air filtets the air tight covet must"bthemoved'.:,fniquent ' op~niµ'g\1pd 
closing of this cover by non-technical peop1e will sooner of later restllt in leaks. Tms· can 
be prevented by placing the filters on the. outside of the housing. . 

: . : 1··rt~ , <.~· : ·1'"J; ·) ~ i,,:, ( i. 1 . ···: P ~~ irr : ' '-· '· ·--• ,- ,~ - i') · :::.. ~ · 1r1 

. : The ;'¥ield ·. :factor';l with the ·recovered'. Heat) ffum the verttilatorn . included;• is a'· better 
, , cg~'cteµ,,zation for _heat recov~l)f 1µnit, th;m;- the th~rm~l effic:i~ncy t:P.at ~hatapterjiiles~i(i)l.tlly 

the heat exchangers: :· .;~, :<:::, · i!: , ; .. , :_i, ; 1; ,. . ; · •1: · ,,,; '.. i ' 

At this moment a heat recovery system is not yet economical because of the low energy 
pnces. . .., , ~ ··~ r. . :.: . . 

.. :.·.·· 
i .• o I 1)( .~ I ' ; 

;. ' ~ i i, 

l .. ., / .. ~ ·~ 

l : 

. .. 
\ t. 

• ';.J 

·~ . ;~ •. 
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Figure 1 The apartment complex "Urban Villa" in Amstelveen, The Netherlands 
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Figure 3 The Heat Recovery Unit with the cover removed 
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Figure 4 View in the technical room 
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Therm~f Efficiency of a. cross flow ;plate heat exchanger 
' . ' (The heat capacity•floyvW, of both media are equal) 
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Figure 5 The thermal efficiency of a mono- and double block cross flow heat exchanger 
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The Thermal Efficiency and Yield Factor of the Heat Recovery Unit 
Full line =Yield Factor; broken line =Thermal Efficiency 
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Yield of the Heat Recovery Unit 
Full line = incl. vent ; dashed line = excl. vent. 
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Figure 7 The Yield of the Heat Recovery Unit as Function of the outdoor temperature 
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Yield of the Heat Recovery Unit 
Full line= Incl. vent.; dashed line= Exel. vent. 
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