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The design of natural ventilation devices in industrial buildings is complicated by the 
nonlinear interaction between the air flow rate and the indoor air temperature. Designs are 
therefore usually based on relatively simple calculations of the areas of ventilation openings 
to provide a specified flow rate at a given indoor/outdoor air temperature difference. 
However, the practical performance testing required for acceptance of the ventilator design 
still remains a difficult and dubious task. 

Although detailed integrated simulation tools for naturally ventilated buildings have recently 
been unveiled, these tools are not yet accessible to practising building services engineers. In 
this paper a simplified methodology for the practical assessment of natural ventilation 
designs with reference to the thermal environment in industrial buildings is proposed and 
successfully applied. 

The methodology is based on continuous temperature measurements over a period of time 
combined with simplified predictions of indoor thermal parameters for extreme 
environmental conditions. In the development of the methodology there is a strong emphasis 
on its comprehensibility and ease of use by practising building services engineering 
consultants. Graphical representation of the results ensures easy interpretation of the data. 

A complete case study with measurements and simulations is presented to illustrate the 
methodology as it is applied to a casthouse building at a large aluminium smelter. 

Professor in Mechanical Engineering, School for Mechanical and Materials Engineering, 
Potchefstroom University for Christian Higher Education, Private Bag X600 l, Potchefstroom, 
2520, South Africa. 
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1. INTRODUCTION 

The design of natural ventilation devices in industrial buildings is complicated by the 
nonlinear interaction between the air flow rate and the indoor air temperature. Designs are 
therefore usually based on relatively simple calculations of the areas of ventilation openings 
to provide a specified flow rate at a given indoor/outdoor air temperature difference. 
However, the practical performance testing required for acceptance of the ventilator design 
still remains a difficult and dubious task. 

Although detailed integrated simulation tools for naturally ventilated buildings have recently 
been unveiled [1], these tools are not yet accessible to practising building services engineers. 
In this paper a simplified methodology for the practical assessment of natural ventilation 
designs with reference to the thermal environment in industrial buildings is proposed. 

In order to illustrate the methodology and its application a complete case study with 
measurements and calculations is presented. 

2. PROBLEM DEFINITION 

The object of the case study is a casthouse building at the ALUSAF Hillside aluminium 
smelter situated at Richardsbay on the east coast of South Africa. The casthouse is a large 
single zone building with a floor area of 9900 1112 and an average roof height of just over 
10 m. The building envelope consists of a 2.1 m high wall of 150 mm thick concrete panels 
around the perimeter. The rest of the walls and roof is constructed of 2 mm thick corrugated 
mild steel plates. There is no insulation on the envelope. 

The roof is fitted at its highest point with eight simple ventilator openings with a total 
effective outlet area of 312 m2

• The eastern wall is fitted with intake louvres at ground level 
with a total area of 133 m2

• There are doors in both the eastern and western walls with a total 
inlet area of 218 m2 which always remain open. The total internal load, including eight 
furnaces and vehicles is approximately 6600 kW throughout the day. 

According to the original specification the ventilator design should be such that the 
temperature differential between the ambient high temperahtre and the temperature of the gas 
at the ventilator outlet, i.e. the well-mixed resultant indoor air temperature, must be less or 
equal to 15 °C. The purpose of the method proposed here is therefore to evaluate the 
performance of the ventilator design in this regard. 

At this stage it is important to note the difference between natural ventilation designed to 
provide an acceptable thermal environment and task specific ventilation facilities such as 
hoods and its associated extraction fans. The purpose of the ventilators as originally specified 
in this case is to ensure an acceptable overall thermal environment within the building. For 
this reason, the differential temperature limits contained in the original specification was used 
as the basic criterion for this evaluation. Task specific extraction facilities are therefore 
provided wherever excess smoke and gasses are produced such as on the ingot casting lines 
itself where the evaporation or burning of oil may have a negative impact on the indoor air 
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3. METHODOLOGY 

The evaluation methodology proposed here consists of the following: 

4. 

Continu.ous measurements of ambient and maximum indoor air temperatures are made 
over a p.eriod of more than 48 hours. As a first step in the evaluation, the measured 
temperatures are compared with the original specification. 
Since extreme climatic conditions may not necessarily be experienced during the 
measuring period, the measurements are used as the basis for predictions of the indoor 
thermal environment under extreme climatic conditions with the aid of load 
calculation software and simplified relations for natural .ven#lation flow rates. 
In order to further qualitatively evaluate the performance of the ventilators a number 
of singl~ point air velocities are also made at the intake louvres, doors and openings in 
the casthcmse. · ., ; " i · · '

1 

EXPERIMENTALAPP~TUS AND,PROCEDURES 
\ ,,. . ' '·· 

;.r 
The temperature measurements were conducted with the aid of several Thies mechanical 
recording thermohygrographs models 1.0620.00.49 and 1.0620.00.11. The instruments were 
calibrated prior to the experiment by a qualified technician. The absolute value of the errors 
produced by these instru~ents are typically less or equal to 0.5 °C. 

The instantaneous air velocities were measured with the aid of a single TA 3000T direction 
sensitive hot wire anemometer with a range of 0.1 to 15 mis supplied and calibrated by Giles 
Scientific (Pty) Ltd. 

The temperatures were monitored cbntinuously for a 48 hour. period. The indoor au 
temperatures were measured · at six statiqns along the length of the casthouse roof 
approximately 2 m under the ro~f ventilatots. Care w:as 'taken not to position the instrument 
close to any equipment which may locally radiate extra heat.\ The ambient temperatures were 
measured at thre·e stations approximately 1.2 m. above floor level just outside the casthouse. 

, .• :n ,,.i 

All the stations were shaded.at all times. 
' 

\I:'-, ;;· \j ti, '~ ,~ 11 ) I 

Instantanious air velocities were measured at se\reral points illside each door on the western 
I • 

side of the castlfO'use, each opening on the eastern side of the casthouse and the louvres on the 
western side of the casthouse. :From this the averaged values of air velocities were deduced. 
Velocities were also measured at several critical'points inside the casthouse building. 

5. RESULTS OF THE TEMPERATURE MEASUREMENTS 

As explained earlier ambient air temperatures were measured at three different stations and 
the. GasthOllSe: ihdobr ai:P 'tempefattites' 'at) s'tx 'stations! l .•),£ii b'rder Ito evalb'Me. the J reslllts: ~th~ 
.instantaneo1lls av6rage:rof ·aur 'the.staHotis<:.a:s1 wtiff .. a&1:maximuni:. ambienti 'and lridodr' air 
tetnpetalID'eSd·were . extclcted-·1'ifrdmj) the I rffibastlred> data.I Y 1Figtlre l r 1sfo:JW~~ the I avefage 
temperatures : oakulated' ,for1 ,:the1 1481 hoUr'.f perlod;; :while- Figilie 2 ,, sHows 'th~: '.maximum 
temperatures. :"· :·11 1 ;.:·1i .. ,'"lt·i !l,;1:·:<1·1.; · _,,i! ·k,, :·,.,j;;; · :'.1'1::rP t.iiit.'' 1:.; ··.1111 ,r:; ;,, · · 
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6. 
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Although the results presented above gives an indication that the ventilators perform 
satisfactorily, the question still remains whether the specified maximum differential will not 
perhaps be exceeded under more extreme' conditio_n~., This .would obviously be when the 
ambient air temperature reaches an absolute maximum thereby reducing the conduction heat 
transfer to the outside. The other factor that plays an important role is the local atmospheric 
wind speed and direction. It is a well known fact that the temperature or 'stacl<:' :effect and the 
wind effect that influences natural ventilatibfo is not ·additiv~ ai1d:that1t11e,.presenc~ .. p.f,wi:nd 
rriay inhibit ventilation [ 1]. r ·However, ;in most practical cases the least amount:of ventilation: 
is experienced when there :is no wind. The most extreme condition would therefore l\e-wher~ 
the ambient air temperature teaches.an absolute high:while there is noJwiiid·to:aid ventilation~ 
In order to evaluate this case it is necessary to predict what the indoor air temperature will be 

under these conditions. , /.} •:_;;(i l. ,, ,.: • 

. I i i : , 1 ' < j J • ~ ( ~ :· ' I ' j I 

The average ambieht,and indoor·airitempeiratures1that were measured in .the. casthouse during 
th..e first day were usedias the: basis for,the calcalations. It was found that between 20:00 on 
the first day and 01 :00 on the second day there was no wind while both the average ambient 
and casthouse indoor air temperature ,rymained reasonably constant. These results may 
therefore be used to predict the natural ventilation characteristics of the building when there is 
no wind provided that we can correctly account for the effect of different indoor and outdoor 
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;temper,afuit.res~ .:JTihe ·measured wind,.speed~ ;ancLfumiJ>eratures are shown in Figure 13. ' . · · ~;.L 

The: ambient: rte1ililperature during the1 .period lillllden: investigationlremahied; at; .appr<oxim.ately 
22; 0 i<C \Vhile.the 1Casth6Uise.1temperatllre .remained ;at lappr(!),Xifmately·rJ110([:hi:e; a:teinperature 
differ.ential .of19.·8C .. Ttm's: p.erio:d '.on nor fwindland~ 9onsfunfaunbient :and in.door airltemperatmes 
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With no wind blowing the effective pressure(olffference:·between gr-ound level ·and the roof 
ventilators due to the 'stack effect' which acts as the driving force for ventilation can be 
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Wiith ·pi,3~0,;(thed.ocal·rbarometric pressure (Rr 101G251kPa), l1h the difference in height between 
the iinlet~areasJ.an.d .the .ro.o:fl1V.entilators (~ .. 12.lfr.m)1 'Ili .the indoor. air ftemperature in Kelvin 
(F• r2·95.· li5_,K.i) and' Tox .the ambienMemperaturel'in tKeli\:lin ( ==i i3 04;15' iK);_, rFrom this the effective 
pressure ,difference for the present case .caiIJbe caHmlated as 4'.80 Pa. r: 1 · • : , iL 

'. I ' . I ~ ~ ) ' . I '· ' ; >: 

Using any standard load calculation procedure, in this case the QUICK.1 ;building thermal 
analysis program [2], the cooling load required to maintain the indoor air temperature at 
~L;O· ~C).i.mder ithe11given ambient and ·intemaldoad conditiol'ls:.cari be : calculated1~1.This was 
found f(fb~ 6150~kWJJ The coeding foad prot.ided:by.the1ventilation airiflow .rate· cari b:e·fom1li 

r . 
j, • 

' .·<'.I J+; 

·! 

from: 
with Q the cooling load, q the air flow rate in m3/s, p the air density (= 1.2 kg/m3

), cP the 
specific heat capacity of the ai,r(' (= 1.0035 kJ/kgK) and 11T the temperature differential 
between the ambi~nt and indoor air . . -From this the actual flow rate 'can be calculated as equal 
to 567.5 m3/s or ,1~8.98 air change~. per hotiir.1 

' "· · ·~ ' ti l l , ·..- r .. 
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The natural ve11tllahbi1 'flow'Jr~t~ can1.b:~ calcul:r~d fromShe effectiy~1 p'r~~~~e difference as: 
with CdA the effective permeabilito/ '.of-the bui-ld.iag which remai:n.S ·approximately constant as 
long as the louvres are not 1adj.usted.. From this equation the value of effective permeability 
can be found as 200.64. This value for the ef!flective permeability may now be used to 
determine flow rates at other conditions. 

The extreme maximum ambient air temperature for the climatic region is indicated as 
45.6 °C. If.one :n~w uses the~same'1oakil·:c*ulati:(]):ti ;proc:redure to: determirnertlfo cooling. loads 
required 11.l(J):maintcfin, the. indoori.aip :at·differel!lltl .•tamperatutes ;uncler these1.exrtmetnei conditions, 
the tfrequired~ grap'h' shbwh; 'in1·iFigua_;ep4 :!is t0btained. :;1 lrbese· loatls ~:take! : itrtcxi accou:ht' all flle 
importantie:fffects.csttchi as1 ;coodn~ti:oir : tltrough the1!Wallrs; 1 s0Hrr1fadiatibn, internal !loads '.etc.• 
The · graph'1m~yi itherefore·:tbe' l;lSedi rta rf sill'!e.'.• Aih:e0foquiret!hafo~~onditioning· system ·needed' : te> 
maintain the indoor air temperature at a specified value. ; :., ;.'J 1 L :·1 ~ '.;• !c ~; . :~:..if : 1 r: · l : o i tl; _; i Im i r: ! 
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By calculating the effective pressure difference, its corresponding natural ventilation flow 
rate and the associated cooling load provided by th~ 9utdpor ,air fedrim.to the :building via 
natural ventilation, the 'provided' graph shown in Figure 4 is obtained. The intersection of 
.these .twp grap.µs shq,w .whei;e the reqµire<;L cwd provjded. ~ooling loads, w:illr b~ iu balanc~1.and 
tl;ierefore also the -if:ldqor, air1 ,t,emper,atun; that will prevail} ;Frorn 1 the flgm;y it. is icl~a.rt t}iJat an 
indqor ain tempera~lJre 1 in the· region of 5~"3,J °C will be 9btai~d, . : ; 1 , '. ! 

,-' r r •' ' ; ' ', . : I ", I i I ! ' : J ( ' l:, I ' I 'I ' • : • ~; \". I: ,) ,) C1 : ; u Ii J : ; I i :~: ,' '' l ; j ·~ ! ·' ( ; : l (J :-: ' , ' 1 j ~ ; r \ ') j I [ ' .I \ i } 

F;rpi;n, ,tlw c,~~cµ~fl;tio:tl~; iab.oy;e, it ii& ,pr~diq~ed tpat; ;the m~ximWl;l tvmpeli:;ltl,\re diff~t;e,lilJh<,tlcti_n tht'; 
.cas~J;io:i,ise u~er.e,~tremiY ~onc,iitio11s will b~.l~ss)haJ;l li01 ~C. Sin~eiit is l~~s ~h<J.n t4e.-:tjeqµj)l;aj 
1.5i 0G it pan ,be co11cil:lided 1 that tne;,ventilation desjgn sij.oµl<J.,bG ;:t.d(fquat~. eyien 4nder extrGrnv 
c,<pnditions~ i " l l 'L ' I 1)!,1;; ·.i,J ,,, r; i ii', ,,r., ''· i1i., ; 1ii '·'11· .;_,;· 

!· )l '' JI 1 .r '/ 

F;row.thiis tewp¥p1tun~1cliffy~enqe an .. air flow:~ate· c.an1~l~o bGiC.<:tl~µlatG<,i using EquaMons 1 an~ 
}: .. The.,yff~!ive -pre1mmG diff~ren~;:wjJLpe 4 . .04 .P'.~ riJ.11-d: th~ ~~ir fl9Wrrate;Wiill be,.:~.ZQ,9 m~/(5;,Qt 
17.4 air changes per hour. ·<:r:;:11

1
_, ,, '.Jr;;1" ,,;rJ,1· 1·1, 1 

7. SINGLE POINT AIR VELOCITY MRASURRMRNTS 

:Th.e ~uaW~t\y,e,ly, ,~veljagti9 ai11f,.y.e,lqc:f tje~ ,m~asµr~~ b~my,ep._ 1 ~ :QO w,i.d 1;5.:~.Q,<9.1;1, t4~·. flii~st. ,da,y 
i1f1i. ;~~e r.1t1;1l~t I a~e,a~, I p:f,·~~tr1' c.a§~PUS~ '.'if·~' ·~.hotWTI. ~n. rt~e ~abl,e- be,l?W' , / The;, 1iri.~oor/9µtd.~.~r 
;~y.WP~ra~we_.~iffepyJi!itia.~1diwiggth,~1Hrri~'.~?is1,9!~.~1C :1 .. :... :.:1.ut J1; ,,, ; , ., • L·•' , .1 1 d .-1 · 1 , 1.~ 1r. 

'· ... 1 ,;; 

.. 

,, 
'" 

' 1
1 1' .:./'rl tf~ 11 ·.:tr) 11 1.1U' 1 ~r.L .. l ..... n J)~t!-~f''Jff. ir ,; / \:',;'. ~; ,..,, l':J.(

1
:

1
1(

1 

: I 

n;• i;nJid; 1 ~ii 'J; · ... ·-' . .r~I ~!~ ;niiL:1r \J ,~? ~ ,f!,c~H,.i' h ;'>! ; ·Ji,_1·r.1r :-- :1 ' ; .·:: 1,. :.1. ;L> 1 •• i:·, rr 
~ ' . 
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Table 1: Measured air flow velocities. 

Component Airvelocity [mis] 
~ .. 

Casthouse intake louvres west elev~tion 133 0.50 

Casthouse door.s west"elevation 74- 1.25 
" ' 

Casthouse opening~l"east el,evation 144 2.50 
! ".:\ . 

~~· · , ·: '.J fj( ~r. i :. : n ~~ 

The flow rate through the 
1
casthouse calculated from these measurements is 519.0 m3/s or 

17.46 air changes per hour. 
·-
' 

This 519.0 m3/s is within ten percenfofittte1561!;5 m3/s,caleulated in Section 6 for which case 
the temperature differential was approximately the same. This gives greater confindence in 
the calculated value for the permeability and therefore also in the flow rate and temperatures 
calculated for the extreme conditions. 

) jjj l ·u . 

SL ;>~11 A.; NOTEONINDOORAIR1~Uli\:l:,1'FY .' :.~ ! : 10 :· , ;)! ! ;:, . . 

1. ' : 1 ~ 0 · ,~ · ! •, .1: , I ::.'.'"\. I ) ('; t ' .o'j j 1 l 'l. '\'(l, ; .; \qJ :J, ·j: '!liJ!' : 

Despit~ ith~i sa'.tisfabt(!Jty. 'results' obtairiecf ~btiv:e·, ·'it- iras dear from a· vis\iaf 1nsbection"'thal tlfo 
accU!fihtatibn bf1 smol<!e inside: th'e Gasthou~e; 'pres<Mit~ni problt?m iwh~f{ 1Jlatge: lafu&ilnfs :Of oil 
was burned on the ingot castirrgiLlirtes;-~'. The: caiiie of thi~Ypr0blem:3Was --tWofoltlunatile1y 
(i) inadequate task specific ventilation hoods and extraction fans and (ii) the fact that cross­
df{aughltrs. I@n~itheY'.lldoos oousetl by·l1ie :na~ural ventilation tthrorigH flhe "buitdfbg' bldws the 
Sm.~ke«frem Un<.iemeatli the hoods'-int6ltHe·buUdlngi rtrossrcifa'.ttglit air>v6l&Citi~s- ofWetW~en 
1r~n:d 2,5 riifs.:~@meaSllllred tratito1,ffie h~'6ds.r :· '.f.his:lshows 1 thaf!de$t~ith&large1 air .cil'angb 
rates obtained, and maybe even because of it, the indoor air quality was inadequat~! · The 
installation of larger hoods and fans as well as vertical screens at suitable locations close to 
the side~ o.1~thehoo<ls 1 were! t~refofie:uitaoo:al<'enr t{) 1eiisute1 better3i'hdb&-:air' qualify l '1'\dequate 
narutt:tl ventilatiori.iijtni-macrd scale ldrt·i\ifre't-efdre rteve~'sfmply· .\;e· ;ass\lfiled<t6 lie:·stlffieifh.t t~ 
maintain good indoor air quality. ·: .. Jl i ,y~ c·. c' ' ' ' '. r! ' : i' '. 

9. CONCLUSIONS 
,,.., .. , . .; 

.., 1 Ji 1 ( \ 

'Pi" simpfe ·methbd~t6gy' fer the ;evaluat1b1fldft1ie tfiermai;petr<>rnianbe '.&f Ventila'tiOn deVice~·lh1 
industrta1" huiltlih~s· was' cpte~entM. ~''ifhe· · iinetllordoIOgy is '!based, ow. : cdntirlu6us itdmpet~utb 
measurements over a period of time combined 1·witlt sifu~Hfied 'pfedrc'.fiotli{~fiib'dock·tliennal 
parameters· for extreme environmental conditions. The simplicity of the proposed 
methodology ensures its comprehensibility and ease of use by practising building services 
engineering consultants. Graphical representation of the results ensures easy interpretation of 
the data. 

A complete case study with measurements and simulations was presented to illustrate the 
methodology as it was applied to a casthouse building at a large aluminium smelter. From 
the results obtained for the case study it can be concluded that the ventilator design for this 

(' 9 



case is adequate and that the ventilators perform within specification~ ::1Problein&"'did .however 
arise with the task specific ventilation hoods and extraction fans at the ingot casting lines and 
havesl,!b,s~guent1J:1b~naddres.1Jed;) .ii.I , .. ,.1>.)J;l'A ,,r1:1 ,, Ail riiirn.,., ·rnrfL.i. :.11 

,, Ji· ·I. 

L 
,. 

/ ,-, ,'H'.:• :.::;11, r!il bu£!,, .j··, '·· 'j ,:·: i':J1, <~J.; .~;;!r;~: ":'./: 

) j '111 '.: r;J~ 

,--;y· 1 ~:~ 31. J~ r ·Ju.~·lr~ J: zg;1ih[' ri:1 f!; "~h1J: 1 • ;~r: : 1 ·Jr ;r_~f1')2 

.~1·!\? 1 ' J? .. lo :·.J~·J.lo" 

; . l 

r ... , 
; .::. J 
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