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ABSTRACT 
The present paper investigates the potential of night ventilation techniques when applied to 
full scale office buildings, under different structure, design, ventilation, and climatic 
characteristics. The approach of this study includes the use of both experimental data and 
theoretical tools in order to determine the impact and the limitations of night ventilation 
regarding the thermal behavior of various types of office buildings. Real scale measurements 
in three buildings under free floating and air conditioning operation have been performed. 
The cooling potential of night ventilation techniques when applied to buildings, has been 
experimentally and theoretically studied. 
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INTRODUCTION 
Passive cooling techniques present a very important alternative to conventional air 
conditioning of buildings. Night ventilation techniques, when applied to massive buildings, 
can significantly reduce the cooling load of air conditioning buildings and increase the 
thermal comfort levels of non air conditioning buildings. 
Night ventilation techniques are based on the use of the cool ambient air as a heat sink, to 
decrease the indoor air temperature as well as the temperature of the building's structure. The 
cooling efficiency of these techniques is mainly based on the air flow rate as well as on the 
thermal capacity of the building and the efficient coupling of air flow and thermal mass. 

EXPERIMENTAL PROCEDURE 
In order to investigate the cooling potential of night ventilation techniques, extended 
measurements have been carried out, during the summer of 1995 and 1996, in three real scale 
buildings, presenting different characteristics. In particular, the following buildings have been 
monitored: 
• A multizone air conditioned office building located in the suburban area of Athens, named 

Meletitiki hereafter. Measurements have been performed during the summers of 1995 and 
1996. The building is mainly composed by seven zones (Figure 1 ). It has a heavy structure 
and it is ventilated during the night period by mechanical and natural means by using two 
exhaust fans and opening windows. The capacity of each fan is close to 25000 m3 /hour. 

• An air conditioned office building located in the central area of Athens, named University 
hereafter. Measurements were performed during the summer of 1996. The experiments 
have been performed in a zone (Figure 1 ), located on the third floor of a six storey 
building. The building has a light structure while the internal gains of the specified zone 
are very high. During the experiments night ventilation was achieved by natural means 
(single sided ventilation). 

• A free floating office building, located in a low density built area in central Athens, named 
"National Observatory of Athens" or NOA hereafter. Experiments have been carried out 
during the summer of 1996. The experiments have been performed in a zone which 
occupies the half of this single storey building. The building has a very heavy structure and 
medium internal gains. During the experiments night ventilation was achieved by natural 
means by opening the windows of the zone (cross ventilation). 
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In all buildings, .�ontinuo,us measurements ;Of the indqo:r;.temperature idistribl}.tion as wa)l as pf 
the ,air flow rates, when night iV�ntila,tiou is applied, have be�n ·perfo.nned ;, Goµstan� ip.jection . 
tracer gas techniques.have3bee11rused. In both,a_ir com;litioned b;t:Jildings, fr��·floati1_1g and_air. 
conditioning .operational schedules have beell;$tudj�d. . , , ·�1 ,,- . , 

'J NlelctitilO j · 
'• IN<?A .. I wi�A 11 ,...,._., +--- 1.511'1 ---+ w.n.tfi3.v..1 ' • 

Figure 1: The three buildings where the experiments have been performed (Meletitiki, 
· ·  · University, :NOA).,, · 

In the Meletitiki bui lding and during the 1995 summer experimental period, measurements 
have been carried out between July 26th to August, 11°1, when the building was empty from the 
occupants, while during the summer of 1996 e�eriments have· been performed between-May 
24°'. to,�uly .8th-1. dtyfing the norm�l o�!�tj�y,;pf the buil�ng ... ;N,i�bt ve�tilation has been 
applied between 10 pm to,6am . . · ·  1. l , , .·· " . . . . .. · • • \� I , .( , ' '' - " . . th rd In the University building, experiments have been performed between July 9 to July 23 . 
The achieved air flow rate has �easure� by using constant �jection tracer gas �igure 2).. 
Exiferim�nts in the.NOA pq.ildipg haye been c,arri�,d out between Sc:;ptember 7 to September 
18 . Figure 2 gives the measured air flow rate during the experiment.. .. · : . ' . � , 

Figure 2: The measured air,Jlow rates•auringthe experiments in University and NOA 

THERMAL PERFORMANCE OF NIGHT VENTILATION TECHNIQUES IN niE 
"MELETI(J'IKI" BJJILDINGr) ) . 
In . order to study· the performance of night ventilation techniques when applied to the 
Meletitiki building · and ·analyze ·in ·detail the obtained experimental· data; a series·- of 
simu lations . have. b�en perf�n.ned using, the TRNSYS .CS,ola:r:. :f:n�rID' . �abOI,:3.;tory, 1296) 
simulatj_oJi. ��op).)o ��µl�t_¢ � Ul.e.�_P.ecific �f fl<).y.' pr'bpesSe§ �li€1Il n ight, veritil(ti9n is applied, 
an additional 8.ir flow tilodel based 1an the network approach has been 'coupled' to TRNSYS'. l 

Tqe ba�iG;S. ,and. the va�idatiqn. of, the., mpdeJ tge describe�. by �nt�nt an9 al ( 1 99�) 1 an<l;, by 
Dasc'alaki and M:: SantamoUiis t1998} . . ,. .... ! ,: :. '. . ;r' .. , ·· . · . ·  ,, �. '. - I . ,  . . .. "' 

D,lJri�& _th�_ fjrs� -��gf:, �f..�be ���s.is_ ��· ?�y�1op�d ·IIJ.9.��l lias been .q�y.o�_t.�� ,agaj;nS.t. �h� 
collecteq experµne�t;�1 da�. of 199'5 (F1�re 3.). _A:rrqw .,th the figure,, .m91cate the· P,erfocf� 
wh�� .�igh�,ventj1�?on �� app�i�.d. .1'hfi .·��an.. .�iiffete'n ce p�f\yeen .!fi���W:eq, an.d �.4rl�ta��d 
tempera�es was f9und, p lo�e,,to ,9) C (>, -squared value .was h1glie{ tpfin 0,.90).. · 

1. _ .' -. In� �ectjrid '�t�p .·�e t9t.Pr�tiC.� ·m?d� ."a:5 b7�, ij ·�s�9, �? �i�u!���- �b�� th�fp:ia� ���ay;9,� ·�rili� bu1ldmg £oJh, U;nder n;1gn.t. Y.��J1 la�1 C?!\. and ��d�rp c�p.�1t10n� , .�?.�r� 3,). S1w�J'\ttoil�[es�l�� 
show .tP.at und

_
er, f�ee �oatmg;po�4m_ons. n���t, ve��

.
1fatton

, 
cop���µte�,.to.

,
.a ��r��s�1q.(.th� peak mdoor temp�rature of the 'bu1l�mg, during the next da,y., µp W 3 °C. Add1tionally i the 

average reduction :of the 'temp�rattire �or th� -�ntire buif'ding N clb.�e to 2.6. 0�, P..i:-es�11ting a' I 

maXimumredti�tionc1oseto6.2�C. · 
' ·

· · · ·  · '· · 1" ,.,• • 

535 

f t .  t ! 1. • •• . • 



Night vehtilati'on when;· apphed 'to"'iha5siVe buildings ''Causes'. a delay in ;the peak indoor. 
terp.p6f:atur� dfu.i�� .�e- ��� ��od-. :T.a') 'Uus��e· tim _e delay e!fec.ts; ·�igure'4. pre�ents the 
temperatur'e distnbutlon m1·z6ne 7 :df tli'.e: 1 bmlehng with an�d Wltht>ut rt1ght - ventilatton for· a 
specific day (8th August). As shown, night ventilation-decreases the indoor-temperature, in1the 
beginning of daytime period, to about 2 °C compared to the case where no night ventilation 
techniques are applieq. T�e· initial decrease ·of the indoor" temperature c9mbined with the 
thermal capacitance of the· building.,causes a delay of the peak indoor temperature to about 
three hours later than the peak ambient temperature, while the corresponding peak when no 
night ventilation is applied, is close to one hour. 

:1 I ' -;. • .Ji • 

Average Indoor and Ambl&nt Temperatu,.. with and without Hl$iht 
on1ilklelon-Frae Floatlng C.H(M•tef:lbl:MH5) 

""' . . 
Figure J: Comparison between:simulated and in�'aSU'ied data_:rJ'Averagel.ri'door temperature 

with and without night ventilation. (Meletitiki-1995). · · �· 

. j_f '. ( - ' .1 !,."· ::.: -. I . ;_j•. :.,, • -> . ' .. f ·• .;.·i .. ' \,. 

An ind�x to characterize the contritiutipn of mglit'ventifatibn techniques to the indoor thermal 
comfort·donditions, the nliaiber of·overheating h.oii.rs; during the whole sUJIIriler perioa, may 
be used. Three base temperatures: 25, 27 and 29 °C, tb calculate'the,..overheating hours have 
been considered. For each .base temperature three.air flow rates during the night period have 
been taken into account�· 10, 20 and 30 ACH Th� obtained results' are' given in Figute 4 and 
are compared with the corresponding data when. no ventilation is considered. As shown, the 
achieved reduction of the overheating hours due to night ventilation varies between 39.3 to 
95.7% when the set point temperature varies: between 25 to 29, °C and the are flow rate 
between 10 to 3�; ACH., ·r : � ·� � 

, NoNIV 
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� ' ' ... ... � . • ' i � \ ' I � .• • � : I #' lo! 

FL�� 1 : jf itfi�'�9! �Y of l�t?-��-uµi .!�d�o�
:
te.�p�ra�e� :-Ax� �ge :'n\fillb.�r, and r94��ti9n of 

ov.�'f���tjn� �owJ f�r} OJ�='�b .f..C�--��? f.5_)7 .�!?�]9� .. 0� ?�s� 1t�mp�rawre,�: ;�e\etf3�i� 996) 
nuririt the2 ,��cori� �xperiih�rt�l peii6d� sufnrri�i. of i 99ef>;. th� 'btj«�fll.g��� ·��( �o�4tt!�t1e.f l. 

��o, - ��r.�Jl�'} o��u�1�d ;:;�nq: �1e, 1_�!�1Tla� . !o�d�, .�51.C� ·!9:1P�rtant. , . · · , · ,., � :1' , ' �. - ·. : _;,'.,·:· -r. ·; � fl{�px,,, th� ,rpo��\ P.�velope� l �\��y� was �al�b.r:.at_rd ��5t1ti.st ·tb;'�:c9I��ct��- �-"��r��n�I_
�t?f.}:o/1 i ·��'· �?!!flf ?'91]�._ :r:��. ob�n�� :- �im���tjoJ! _ re��f ���. 1 �ere' .yP,i:tlp_;g��, with -�t,h f ,, 
�o�espond.iii� measw�fr!e?t8 �f. �e 1:ridoof ,�6g!���ttir�,.(F.JgtiVe�,_5)..'. !i:t"fi�\tr� 1� )he .. m:ro

��� 
1���ca�� tti.e mg�!� �h�n P�fflt·v��t�latioJJ .w�.aRpl!e�. b:y wec�1t:�'!ll·�'! ��:. ·Fot aJI t�.� .. o!her 
days., · ? 1&{tt ve�?fatioil� w_a:s' ·��1ir�yed ,t!p:ou��=P��at'tne'�� .. ;pre 111��- �ff.e:enc1e ?etween 
m��sw.e� . �a �1'Pulate.d �tt.n1J!� -}at:ure� was. clo�e ��'.�.3 �C; (��sglia_�e:� :v.�o:e �as �!!Q�� to �.9�): Ty e:'all;l!,te .$.e

_ 
coolIIig ��o!�ntt�'.�� o\ mght. �'fjt1lation tec'1111que's' �hel'J,. apJ?,l��d. �o Ale, 

btµldH�&�, � �enes. of con:warative ,p1mulat1o�s has been· peif.?Fe�. Real c1�a�tc data 
collected dlinng the expenments have been used. In 'the fust senes the bµtldmg w�s -
considered as a conventional one while in the second series the building is treated as a night 
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ventilated one. Night v�ntilation·t�chniques, were coµsidered, for every night of the ·_studied: 
period: and between Hipm to 7am of the next day;,Jhe cO:oling·capacity of the air conditionjng 
system was1 supposed rto. be high enough ·to, ·meet. the buikling',s. cooling· requirementsi-.Th{ee 
different set point temperatures were considered: 25� 27and 29 �€�;to investigate the impact 
of night ventilation with various indoor temperature profiles. The results of this analysis show 
that the"srrialler.fhe set point temperature�-the, sriialler the. initial indoor temperatiife -when 
night ventilation starts and corlsequen:tly the smaller the indoor air temperature duringnight 
ventilation. Furthermore, the low�r the set point temperature, the lower the increasing rate of 
the ind�r temperature,} after tHe end 'of night ventilation. The, high ther,mal -mass of 
"Meletifiki" reduces the: increasing rate of the indoor'· temperature. The average· indoor 
temperafure reduction, d!iring night ventQation, has been calculated .in order to evaluate the 
influenC,e of nigflt ventil�tion on·tie indoor temperature profiles. For set point temperature 25, 
27 and 29 °C the aver.age indoor temperature reduction is 1, 1.8 and 2.8°C respectively. 
Energy gains due to 'ni ght ventilation--are ·mainly a function of the potential reduction of the 
indo9r.air temperature�·:.compared to the case ;ofa non night ventilated building/during the 
early morning hours and - .before the :NC system is ,switched on;: :While. the temperature 
reduction is high, the peak cooling demand is delayed and decreased, and thus the total 
coohng foad of the building is lower. The overall analysis has shown that ,th.¢ set point 
temperature affects seriously, the temperature reduction ·in'.., the early., rmoming .hours. In 
particular for set point temperatures equal to ·25, 27 and 29 °C the ,av,erage early1moming 
indoor temperature reduction is:clos.e:;to 0.8, 1.5 and 2.5 'lC respectively. , , � .. '.;. ' :  

To determine the potential for- energy conservation due to. night ventilation;: a s_eries of 
simulations have been performed to calculate the -corresponding cooling lOad of .the building 
under three set point temperatures (25, 27 and 29 °C) and for 10, 20 and 30 ACH during the 
night period::�Figure 5 , gives· the .cakulated cooling load .and the correspdfiding enei:gy·' 
conservation during the whole cooling season (May-September). As shown;· *When the set 
point temperature varies from 25 to 29 °Gand the air changes,per hour between lO:to 30 the ' 
corresponding energy conservation due to night·ventilation vaties from48.5 to 23.7%. Thus;· . 
as :expected it is· found that, the higher the .air ,.flow :rate, the -higher: the. energy conservation; 
however; the� relative gains for higher· air flows. are -not considerable,. Also, the higher the ·set.: 
point temperature, the rhigher ·the ener�' cons.ervation, as the ·difference be.tween�the. 
operational·1lemperature: of the building and the:. night ambient temperature is higher and.' thus · 
the.cooling potential increases.'. k, .: .'r :1,' ; , .:' - ·;'1 

·"' 

" 
,, ....... +i-��� ......... 41-JL.,....-.-;.:.-..:.---' ......... ......__-""-' 

t ssrs:::s: � i ����;}��S!S .... §.S�.i��;_�§.f:�Z;.f.��! 

( - . . 'I . " .. r:· '( -( . 

Cooling Load Requirements During Cooltng Season for 10, 20 and 30 ' "'..L'.., , � •'!!P-2' ACM Durl Nf ht 'V•fttll111on • AIC Cue MelotMOtl·itN 
�=-� " � tf •; :. . _. ·•·• :: �: i .. r :.. J 

' -- --· -�r·· ···; :i.:··: ·,:···_-.:::.:··---�ii': ·-.:,-r.-------···F . , 

: '1;: 1 Figures Mean measured and ·simulated indoor temperatures'. ... ,Coo1ing. lbact and '. . ; · ; o ;., 

. ': ' : 'Corresponding eneFgy conservation: during the cooling season'.i (Meletitiki> '- 1-996). ,: '.; 1; · , 

THERMAL1;PERFORMANCE·'OF NIGH'f:·VEN'.flLATION TECHNIQUES IN:,'fBE 
"UNIVERSITY" BDaDING i;-,1"''.Y 

In order 'to. �evaluate the efficiency� of,night ventilation ·techniques when applied in low 10 ., 

medium thermal mass·' buildings like ,the ''University1�,xa seties of simulatiom·s haveLbeen:_,. 
carried out using T'RNSYS.1 .The zone where::experiments were carried out was simulated·-
using :as inputs the measured·:air flow-rate i(Figure:2). At a first step�·; the, model ha�. been 
calibrated against"the'�collecied experimental-data-i{Figure 6). The mean: difference between 
the two sets of data was close,t0 0.3 °C (th'e r"'squared value was close to.0:88); · ; -; , . 1 : '. '" 

The evaluate 'the impact of:.night ventilation techniques; ·when appliedi'in free floating 
buildings of low to medium thermal capacity, ·a: series- of!compariative. simulations were:· 
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performed with and· without considering ·ventihrtion during1the·night.::.pe11iod. Theiimpact of 
night 1 verltitation· ts' not itnpor:tan.vahd· the;· calculated decrease of .the• •Jlext day .·peak indoor 
temp-efatute is cl0se to,: 0 .2. °C, M>'m111e1 the al\Yer.age temperature rltecrease� during '.the whole day 
and.night-was dose�t<rOA aiid the maximum one·:cl11tse·to 2:4 ?C. ·: ·;:-:'. - .-,., .. T '; ' i .  

\ ' ,·_' I ', ·:. -! � .,: I 

--- ;r---,-1-w-�-----·- ... ·-·---· t:- --------·:··-·· ···�r-·--- ... -

·��-- -� "{"f"-;.··--,-,�----------.. ,:····------

. 30.IY. :M.5'JI • • -
11.l'l' ___ _ 

� -< ·!.: _ .r tJ::.' 't! . . ' '
· ".r'; , � · . / 1 • • • !'. · 

Figure 6: Meastired and:sittmlated·indoor tdnperatures. - Cooling4oad and corresponding,: 
energy ·cohservatfon during the ·cooling season. (University - 1996) : - :i . 

')"' J.t .,,:1·.--� :'.: ,-. , - - 1_ {;_:: - · -- '';•._ 'j 

The possible l energy conservation due to. 1 the application of :night ventilation�was <also 
evaluated. considering'•that . the· building' is thermostatically controlled. Three set point 
temperatures, 25, 27 .. and 29 °C a5 weil as foill .ainflow rates; ·5;::10, 20 and 30, have been 
considered (Figure 6). As shown,whelithe·-set point tem�rature vaT:res between 25 to·29/.C 
and the.;air flow during nightventiLation between·'5 to'"S(}.-AGH the corresp�nding energy 
conser\ration varies between 13.8% and 70.7%.' .!:" .. ., ., . ; :1� '.i! 

·r 

THERMAL PERFORMANCJE OF NIGHT VENTILAJJION::TECHNIQUES IN·THE 
"NOA"BUIDDING. .. ,_. .•1 >.1 · .. ri1' ;•·· ,,, : : ' .•·i. 

NGA building .is a very heavy;oma:s�ive1 and free floating building where night-ventilation was 
applied by natural tross. ventilation:. Experimeµts . were. carried: :out using. r and notr> night 
ventilation:' As for the pre¥ious buiklings, · 1 a : thennaL model using TRNS YS hasJ: been · 

developed. ,The results. given,tby· the theoretical' model ·has been compared ,with the. 
corresponding experimental:data and·.a·good.agree�ent·has been �hieved whemventilation
techiliques are not used: .However, when the· measured air flow rnte was used (Figure�2) ;as an 

input to calculate the thermal performance of the building when night ventilation. is· applied, 
the impact of night v�ntilation 011 the thermal. perf ormanc.e of the building is oyerestimated 
(Figure 7). · .... . ', ... ,,-.. �-�.. ... "' · . . 

···� . '"' ... . , . . , --
This is mainly attributed to the non efficient coupling of the air flowing through the building 
with the thermal mass of the building. hf fact, during the experimental procedure problems 
related to short circuit air flow through the windows were observed� This type of phenomena 
are very common in ,cross ventilation CQfifigw:ations. Thus,,. only a part of the flpw has really 
contributed to decrease the temperature .of'the buildings thermal mass. 

' 

To·_�walUa.�e the impact of the above pQ�l)omen�n, siiliu1ati0ns were carried out in order to 
estimate the 'effective'�airJlow.rate, i.e. the rate th�t w@p_ µs�g .�s. inpJit _giyes the _J]leas�e.4 __ 

temperature profile. The simulation results are given in Figure 7. The curve named Tmsys 
(Measured1 ACH',' represents the:ccalpulated indo.or :ain temperature :when the. .measurecj. values 
of the air flow rates hav,e been·consider.ed� while; the;curve. namedTrnsys�(Fixed<ACH), gives 
the temperature distribution calcul�ted by trying to calibrate the air flow rate to the measured 
teril'peiature -data, 'As �o.wn, almost a;petfect . .agreement With_il\e..expe.rimental claw .has:J��¢lt '. 
achieved. ·!)� . : ' L.:.:· Jd ··· r' � �·;,: ,.T •; :."J · 

The two data sets of the· experimentaLand active ai:i;: flow; rates-" have been compared in _order 
to :evaluate the ventifation efficienc:f during, the �.e·xperiment:·rAn::indeiX, Q -(ventilation.:;, 
efficiency) has been calculated and,-the re�mlts are·.givenjn FigUte 1/'f;he parameter, 'Q i�t, 
defined as the ratio, of. the estimated to the .1oalc.ulated aiC changes pelirhour. As shown, Q.:. 
varies ·between 0 and·:L72. The 96% of the.�-Yentilation. efficiency;·values ,are. less than. one,· 
while its average v�lue is close to . .0:3. Therefore th� 'active' air}exchange,,rates that really . 
contribute to decrease; the temperature of the building's mass, .are much ·lower than the 
measured .ones for almost the· entire experimental ·period. . , 
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Figure 7: Measured and simulated indoor temperatures.-Ventilation efficiency. (NOA - 1996) 

CONCLUSIONS 
The efficiency of night ventilation is strongly related to three main parameters. The relative 
difference between indoor and outdoor temperature mainly during the night period, the useful 
air flow rate applied during the night period and the thermal capacity of the building. 
As shown from the whole experimental procedure, the lower the outdoor temperature during 
night and the higher the fresh air supply, the higher is the efficiency of night ventilation. 
Additionally, the existence of important thermal-structural mass increases the efficiency of 
the technique since the inertia of the building is increased and the effect of the night 
ventilation can clearly be observed in the next day's indoor temperature profiles (lower and 
delayed peak indoor temperature). Additionally, the interior planning of the building plays a 
very important role, determining the flow and the "paths" of the air flowing through the 
building. Finally, another important climatic parameter is the daily amplitude of the ambient 
temperature. When the amplitude is high, night ventilation techniques can be very effective 
(especially if the minimum ambient temperature is low). 
In the present paper, night ventilation techniques have been applied in three real scale 
buildings, of different structure, ventilation, layout and regional characteristics. "Meletitiki" 
building has important thermal mass and the first set of experiments (during 1995) has been 
performed during a period of very low internal gains, and without any operation of the air 
conditioning system. On the contrary, the "University" building has a light structure and was 
monitored when internal gains were important and the air conditioning system was in use. 
The two case studies are extreme conditions and in a way they indicate the limits of the 
cooling potential of night ventilation techniques. 
The problem of efficient coupling of the air flow with the thermal mass of the building has 
been presented in the NOA building. Because of the short circuit air flow, convective 
exchanges between the fresh air and the building walls were very poor. 
In conclusion, night ventilation techniques can contribute to decrease significantly the cooling 
load of A/C and improve the comfort levels of free floating buildings. The exact contribution 
of night ventilation for a specific building is a function of the building structural and design 
characteristics, the climatic conditions and the building's site layout, the applied air flow rate, 
the efficient coupling of air flow with the thermal mass of the building and the assumed 
operational conditions. Appropriate design of night ventilation systems requires exact 
consideration of all the above parameters and optimization of the whole procedure by using 
exact thermal and air flow simulation codes. 
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