
The effect of wind speed 
upon heat requirements and 
internal temperatures 

Introduction 
U l l l  \ ( O \ \ l i ) k~K l \ ( .  !he o\crall 
I~LFC;I\L !II heat It)\\ lrorn an cn.lo\urc 

JI ,: 'II- I I I~ I I ,C! I~~ 01  AIR^ -pc~.A- In 
c . t ~ r - *  1 8 1  ! !~,hc \pc,ll;cd d l  a par'!.uldr 
! r ~ l ~ ! t l  ~<l l lL!~: ,~l l l .  I t  > >  !lc:c..Jr.. :I) 

L\..!~IIII~  tic r ~ I . i t , ~ ~ t i \ k : ~  t le~ \ \cc !~  lhc 
CI~:II.~~IGI~I JIIO . * r ~ ~ - ~ u r ~ l  lo,,c, III orJcr 

1 8 1  .~.,c\\ fhc IJ~I:II,~;II ~hcrtnal Iodd, 
I1t.I" I'CL.. 

l llc ~ h c r ~ r l . ~ ~  I~jail  :nlp(r,c,~i b! !hc 
IIIIII~~JIII.~I 111 ,,!Id G J C I I , I ~ C  Jlr lr ; t , j  the 
ltlfL,rlttr 111 :I t ~ c ~ ~ t c d  bu11~1111g I, a 
b ~ ~ ~ ~ ~ ~ ~ ~ > t ~  .I! f t l e  p r c \ a ~ l ~ t ~ c  L ~ I I I ~  ~pced 
~ ~ 1 1 ~ 1  f t l c  L ! I ! : ~ I L ~ ~ ~ L ~  hc:ncct~ ~ t ! c  I.,IL.:!I~~ 
,IIILI c t ~ c r t ~ i t l  Icn1pcrattirc\, u .h~& t~  
pLtralncl~,r\ alw) JIIL.LI I tic rd!c 111 heal 
I l o u  1h.r . ~ g t ~  r l ~ c  b u ~ l d ~ t l g  I d h r ~ i .  
( I L I ~  I t i c  t111al hear 
rcqcllrcnlcr.: u ~ ~ h  .I ,rrotlg U I I I ~  J I I ~  .I 

tl~a>dcr~te C\IC~IILII tcrliperatllrc IIIJ\ hc 
L,~II.II !II. or exceed. tha~ NIIII J 11gti1 
U I I I ~  , ir~d .I I11ucr c\tcrriaI Ictnp~.raIure. 
.111d the l<~I lo \ t~r ,g  IIO~' . ~ ~ t c m p [ ~ ,  ht 
It1can\ 0 1  a \~ tnp l t t~cd an.ll\.\~., to 
q ~ ~ a n t ~ i i  ~t~c,e t a c t ~ r ~  III !crnl, 01 fhc~r 
ct  fccth II~OII ~ntcrnal letllpcraturc\. 

Infi l tration l o s s  
The rare 01 illr tltlu through a glrcn 

htr~ld~r lc ur :nclt~\~rrc I\ dependent up6111 
111c atr t~ghrnc\.c 01. and ;he prc\\ure 
dl1 l ' c r c n ~ ~ a l  ;1cr41\\. the contalnlng 
\truiturc. a1111 the areas and resl\tance\ 
411 !he Llpcnlnp .~nd I~II~T\IIL.Y to air 
t l t r u .  

The prc,,clrc d~ l tc rcn t~a l  I\ i i t ~ \ c d  
LIIIILT hr !he \r~nd. 111 HIIIL~ caw a1r 'n1cr\ 
~hrough crack,. and .iperrure\ In the 
u ~ n d u d r d  \ ~ d e  and Ir..~tc\ through 
\ l r r~~ lar  opcnlrlg\ In rile I t - c~d rd  d e ,  or 
due l o  ~ h c  h u o \ a ~ ~ c !  01 the air. 
\ommcinly tcrnlrd '\tack cl icct ' .  ~au\ed 
h! the J~ffcrcncc In rempc.drurc. and 
h*?nce Jc t l r~ t t .  hetuccn r ~ n l ~ l d r  iulumn\ 
$11 dlr ~t l r~cle and out\~de the hullding. 
H hllbl b41~h L.IILXI\ .ire rppl~cahle 31 ~ 1 1  
tlnlr\. that due ro the larrcr I s  general:! 
.mall i ~ v n p ~ r c c l  ro !he Itirmer dnd Ivr 
lhC prehenl purpcw\ onl! that due to the 
\~ILIL.II! t ) t  the u ~ n d  -111 he ion*iZcrcd. 

LV~ncl \peed ~ n d  d~recrlon are \ert 
dcprr~llcnt upon IoLaI ropcrgr~ph\: ior 
~ \ d n ~ p l c .  ~ h c  gc l lc r~ l  sllcct, o t  a bullt-tip 
.irc.~ .III~ ~ h t  par:~~ul.ir ei(c,t< 01 [he 
pre\enic (11 nc~ghhot~r~ng h1111d1ng~ uptrn 
:he prc\\ure. ~ n c r  the :acade\ {)I .I 
5truc:urr rna\ bc W? ;ompic\ a\ I,, he 
\ i r t u ~ i l y  u ~ ~ p r c d : a ~ h l e .  

Howeter. i t  is :.now from tests that 
the posltlve brssure on the uindward 
face of a building rPnges from dbout 0.5 
.o 0.8 rimes the velnc~ty 7resscre of the 
free u~nd.  and on the tcruard face. the 
nerative pressure 1s sbout 0.3 nr 9.4 
tlmes the veloc~ty pressure. He,:.-, ' " e  
total u ~ n d  pressure forces acung J 3 

bullding are approx~matcly qua! ne 
veloc~ry oressu:e of the wind. anu .,)us 
the presaure din'erencc acting across an 
extrrnal element could. u~thout introduc 
Ing excrsslve Inaccuracy. be taken as 
k l n p  equal to one half of this. 

The general equatlon goterning the 
flow o i  alr through w~ndou openingjolnts 
I S :  

Q = C!-lp)n 
where Q - the tolume How rate of alr per 

metre of u ~ n d o u  opening 
joint. litre. s 

C a wlndow ~nflltratlon ccxffi- 
clent. defined as the volume 
How rate of air per unlt length 
of window openlng joint at a 
pressure differentla1 o f  
IN/mZ. litre;ms 

p = the pressure difference across 
the window. N/m: 

and n - an expnent. which for win- 
dows. is 0.625 

Hence, QII( JpP."! 
Now the wind vela-~ty pressure is given 
by the expression: 

P, = ::p( )- ' 

where P, = the velocity pressure of the 
wind. N t n: 

p -< the density of the air. kg/ml 
and v = the velocit y of the wind. m/s 

Thus. P,u(v):. and since ApuP,. therefore 
.\pc~(v):. therefore Qu(v)  I 2 5  

Hence the thermal load due to a r  infiltra- 
tion increases exponentially with the 
velocity of the wind. and this is 
demonstrated in Table I Tor w n d  speeds 
of 3. 6 and 9 m/s ( 7 .  13 and 20 mph 
respectively) relative to a veloc~ty of 2 
m, s. 

Table I 
Increase in heat loss due to air infiltration 
d l  b.Iri~u\ wand speeds 

Structure l o u  
The aterage rate of heat Hou through 

an txpoccd bullding element IS w e n  by 

the tolloulng equation 
q = C A . ( + 4 , .  

where q = the rate of k:ar 00%. W 
U = the cberall coeffisrmt o f  

thermal [ransrnlsslon. 
W m:"C 

A = the area of the elment. m-' 
t, =  he lns~de env~ronmenral 

temperature. "C 
31d :,, = the outstde sol a r  tempera 

ture. uh~ch for wtnter 
heat~ng appl~catlons ma! be 
taken as bclng equ~talent 
to the outs~de ar tempera 
ture. "C 

Now In the calculauon of the thermal 
transmittance coeffic~ent. the thermal 
resistances at the inside and outside sur- 
faces are given by the following expres- 
s10ns: 

R,, = the thtrmal resistance at the 
inside surface. m:"C /W 

E = the longwave emssivity 
factor for the surface. 
dimensionless 

= 0.9 for normal building 
matsrials 

h, = the radiation coefficient. 
W lm:°C 

= 5.7 for a mean surface 
temperature of 20°C 

and h, = the convection co f i c i en f  
W/m2"C 

= 3.0 for horizontal flow 
through walls where air 
movement docs not. for all 
practical purposes. occur 
over the surface. 

Hence. following substitution. the value 
of the inside surface resistance is found to  
be qua1 to 0.109 m Z O C ~ W  

I 
(2) R,, = - 

Ehr + h, 
where R, = the thermal recl5rance ar the 

outs~de surface. m20C/W 
rnth other symbols as gtten above and hh,. 
bang gtven a value of 4.6 W/m20C at a 
mean surface temperature of 0°C. 

I n  Intrance\ utiere alr rno*ernent 
occurs over the surface the \due o f  the 
convection coeffic~ent may be denvcd 
from the expression: 

h = ! 8 + l l \  
uhere \ = [he ulnd \peed. m / \  
1 ne outs~de s l ~ ~ a c e  resistance used In 



Tabre II Tab& III 
\ analton tn oulstde rurfucc .es~arncc mh Vui.tiom in be81 tlm pa uait uu fa v&us bddhq ekmcau 
w~nd speed 

Wlnd E p d .  m s 
WlnJ sped. m ~ s  2 3 6 9 Elcmmt 2 3 6 

h~ 140 181 304 42.7 Single U value 6.10 6.49 7 25 
R, 0.055 0.045 0.029 0.021 g b g  % mcruse 2aru 6.4 18.9 

%d U value 2.18 2.23 2.3 1 
wall % mc~easc Basis 2.3 6.0 

Cavlty U value 1.57 159 1 63 
wail % mcrcax Basis 1 3  3 8 

Insulated U value 0 993 1 003 1.019 
wall % ~ncrcare Bas~s 1 0  2.6 

Tame l V  

Percentage incrcax in svueture loss for various pmpo&ma of aiagk 

Area of glass 
3 

Total area 
Solld Cawty 

0 1 3.3 2.8 
0.2 4.0 3.8 
0.3 4.5 4.5 
0 4 5.0 5.0 
0.5 5.3 5.3 

Wind speed. m/s 

Insulated Solid Cavity Insulated Solld Cav~ty lasulated 
3.2 9.0 8.4 9.2 12.5 11.9 12.6 
4.3 11.3 11.2 12.5 15.6 15.8 17.2 
4.9 13.0 13.2 14.4 18.0 18.4 19.9 
5.3 14.4 14.7 15.7 19.9 20.4 21.6 
5.6 15.5 15.8 16.6 2 1.4 21.9 22.9 

TaMe V Tabk VI 
Summary of incrtmxs in suucturc Iclrca O v d  increase in b a c  reqrrrmeat due to inc- in both vmtilation .Id S w c r P r r  Iwa 
due I d  vanation in wind speed 

Wmd 
Wtnd speed. m/s 

3 6 9 
0. I 3% 9% 12% 
0 2 4% 11% 16% 
0 3 5 %  13% 19% 
0.4 5% 15% 21% 
0 5 5% 16% 22% 

the computation of the 'Standard' U 
values published in the IHVE Guide 
conform to the currently accepted 
concept of 'Normal' exposure. which 
assumes that a wind speed of 2 m/s is 
applicable at the surface. this k i n g  equal 
to two-thuds of that at roof level. 

However, the speed of the prevailing 
wind will affect the thermal resistance of 
the boundary layer at the outside surface. 
which in turn will affect the overall value 
of the transmittance codficient therebv 

Area of glass speed 
Total area m/s 

3 
0. I 6 

9 

lnfiluauon loss as a fracoon of total heat requlremmt 
0.05 0.10 0.20 0.30 0.40 
6% 9% 16% 22% 28% 

23% 38% 66% 95% 123% 
40% 67% 121% 176% 230% 

increas~ng the rate of heat loss from the TW "11 
lor wmd speeds The Sam- of tbc ovmll I- im  h a t  q m i - l  d n  to 1- l m  bulb reutlhtb. vanation in the values of the outside r-,,rr 

surface resistance. agun  for wmd sptcds 
of 3. 6 and 9 mls. are shown in Table 11. Infiltrauon loss as a fracuon of total heat requlremmt 
4th the variation in the overall U value wind 0.05 0.10 0.20 0.30 0.40 
for single glazing and walls of the three 3 8% 11% 1 7% 23% 29% 
f o ~ o w i i i ~  Eonsuictions bemg givm in 
Table 111. 

(a) 9 tnch thick (uninsulated) wed 
brick wall. plastered internally. 

(b) I I inch thick (unventilated) cavity 
brick wall. plastered internally. 

(c) 1 0 )  inch thick (unvendated) cavity 
wall having insulating block inner leaf, 
plastered internally. 

We may now calculate the combined 
increase in heat flow through these alter- 
nat ive construct ions incorporating 
various fractions of glass. and a summary 
of these r a d u  is given in TaMe IV from 
which i t  will Le observed that since the U 
values of Lhc walls have a comparatively 
slight effea relative to the proportion of 
gle7ing. tlus data may be condensed to 
that shown in Table V. 

The data in Tables I and V mable us to 
estimate the overall increue in thermal 
load rdative to the total heat loss at the 
on& design condition and wind speed 
d 2 m/s. 

For example. if 10% of the original 
total h u t  loss was amibutable to infiltra- 
tion. then for an external wall area inwr- 
porating 20% single glazing, the w a a l l  
increase in thermal load with a prevailing 
wind speed of 6 m/s would be equal to 
(295% of 0.1) + ( I  1% of 0.9) = 39.4%. 

The figures in Table VI have been com- 
piled on this basis, from whch it may be 
observed that since the variation in the 
- - .  

overall increase in heat r q u i m n m t  due 
to the area of glass is small rdative bob 
to the ongtnal proportion of heat loss due 
to infiltration Md the effuz of the wind 
spaad these data may be summarized as 
shown in TaMe VII. 

o.Ct....ininrrrrvl- 
The data in Table V11 tacllitate deter- 

mination of: 
( a )  T h e  reduction in in tc rna l  

temperature due fa the ulfluence of m d  
speeds tn excess o t  L m/s at the o n g n a l  
external design temperature. 

( b )  T h e  i n c r e a s e  in e x t e r n a l  
temperature aece~sary due m the in- 



4uence I J ~  u ~ n d  sped in sxczss of m s 
tu bnalnialn [he ur~pinai ~nrernal des~gn 
temperature. and 

I L I  rhc. tnttrnal rcmperacures aolr to be 
malntalned u ~ t h  pre\ulmg ulnd speed5 
and crxrernal temperatures ~n excess of 
those at the derlgn condrlr~n(s). 

For tvample. IT ue  ascume Internal and 
external temperatures of ?OiC and O°C 
re spec!^^ el! u ~ t h  I@*, of :he heat load at 
the desrgn cond~tron belng due to ~nfiltra. 
tion. then for a pre\alllng * ~ n d  speed of 6 
m, \ the InLreag in heat requirement In 
order to malntan the onglnal ins~de~out 
side temperature JrlTerence of 20CC 1s 
found, from Table VII  to be 42% 

However. l f  th~s addtr~onal heat 1s not 
aba~lable. then the marrlmum temperature 
d~ffcrrncr able to he mantalned without 
ililrea\inp (he origrnaJ heat Input w i l l  be 
equal to 201 1 42 I4',C. whlch repre 
rents a reduction of h9C In Internal 
rcrnprature lrom 20cC to 14°C 

Al:ernat~\ely. the o r i g~ r~d  rnternal 
temperature of 20°C could he rnuntarned 
utrh J prera!!rng ulnd sped of 6 rnlc 
providr-d that [he external u r  temperature 

Tabk V l l l  

Reduction in in~ernd lempmlums due to increase in wind sped 

!rd .rr!l~'n 1,-r. ar a f:r~:.on L t i i ~ r t d  hca! :cqutrr.rncnt 
Wind rpccd. m I 

0.0: 0.10 0.20 0.0 9 . a  ' -  

3 I 'C 2'C >=c 4>c 5°C 
h 4:C hcC R'C IO'C 1l.C 
9 6'c Y2C l I c C  l.;'c 1J2C 

did not fall M o w  6 O C .  or again. for a 
combination o f  6 m!s wind sped and an 
external temperature of 3OC. an mtemal 
temperature of 3 + 14 = l l ° C  could be 
maintained. 

The approximate reductions in Internal 
temperatures due to the influence of 
prevailing wind speeds in excess o i  2 mis 
for design inside/outside temperature 
differences of around 20°C u e  given in 
Table VIII. 

Although the foregoing simplified 
analysis does not take account o f  many 
factors associated with this problem. i t  
would nevertheless appear 'hat the in- 

cldence of wnd speeds In excess of thou 
used for the calculatron of heat losses a( 
the deslgn condltlon can have a s~gnlfi. 
cant effect upon Internal temperatures. 

Consequentl). the lnc~dence o f  
prolonged penods of excecsl\e wlnd 
speeds dunng the preheatlng and ioollng 
penods of rnternrttentl\ heated bulldlngs 
mav lead to the non attanment of ade- 
quate Internal temperatures at the com- 
mencement of occupancg and ro the 
necessrt) for ex~endrd preheatlng periods 
rapectlvely. whllst the adbersc effect ex- 
penenced dunng the occup~ed p e n d  may 
necessitate the occas~onal  use o f  
supplementary heatlng unrts in rooms 
whlch are normally adequatel) hertrd. 

South African research on wave power 
t . \ i ~ t ~ r l c  re\c;~rcli IO harile\\ errerg! 

Iri1111 :tic \C;I ~ ~ r i  a large ,bale I* to \larl a1 
~ I ~ I I c I I I ~ ~ ~ ~ L I I  L,III\C~\II) car!) ~n 1978. 
I IIL. r'~.tor \;IILI thal a re\earch charr In 
occ;111 cIigIIiccrlllp tr 1 0  he c\lahli.hcd a1 
tic IIriI\cr\it!. l l ie 11iip~1r131iic of the 

prolci! I\ ~ l l u r r r a ~ c !  h \  rhc u ~ d e  
\ L I ~ ~ [ N I ~ I .  hot I1 local and i n te r~ ia~~o~ ia l .  
~ h ~ c h  hil\ hccn prorn~\cd. l i e  r a d  Inc 
-ic1\&1111~1gc\ ot rc\c;ir~ti Into crlcrv> Iron) 

~acril'ice our own rell-\ui l i i lcnc) 111 ~ h c  
prtxew and pick the eye\ OUI 01 our c001 
depthit\. ' I  

: is  a rc\~i l t  of pa\[ and prc\ent prlce 
control policir\ in South Africa. he \aid. 
the percenlape extraction ua\ poor. and 
under prewnt condition\ the extraitable 
coal resene5 were only around 25 billion 
tonna. ('1 .ltrol over the indu\try war 
fragmented hctuccr~ a numhcr o f  

$ \ ; l i e  Iiiorl$ln (111 \ i ~u lh  .\lric.cr'k cclart 
Here c ~ i o r i ~ i o ~ ~ ~ .  rl ie ioilntrv liad alnio\l 
pcrI'c.1 L~I~II~~IIIIII~\ lor  tic pr111cc1 :1101ig 
I t \  .C:UO.Lilr~mctrc :)t <oa\t. The ioa\!al 
\11cIl I\ ~ ~ I I I J ~ I C  for ~ n ~ l i o r ~ n g  triachiricry 
aritl ttlc \r;ire\ arc t > I  morc conrtant 
dr~r i i t ro~i  ~II;III 1h11w t ~ t i  the Llnited 
hir1gdo111 rbr t.~iropc. 

Mining legislation 

(io;ernmcnt department, and \em!- 
State corporatronc. 

Coal availability 
One ver) real problem that u i l l  con- 

Iron! the t.lcctricity Suppl? ('ommir\ion 
\ooner or later i\ coal a\ail;thility. The 
Petrick C'onimi\+ion put South :\triia'+ 
nlneable rcwrvcr at 80 (MI)-rn~llion ton\. 
hut only ahout 25 tk)O-million ronr of 
rhat i\ c\rractablc under current 
cconomlc ~c~ndi l ion\ .  Hut ~herc are olher 
\nag\. Onl! 5 5  hlocL* ol coal e x i r l  i rom 
\rhich morc rhan 280-rn~llion ton\ can he 
c\lrac:ed. t \ cn  i f  ~djaccnt arear under 
J~lterent cl\&ner\hip arc comh~ned. and 
there arc orhcr con\~imcr\-nnrahl) 
Sarol-nor to menlion exptlrt ; c v n r n i t -  
men[\. 

Elcorn ,Icrlr that either na~ iona l  
pnliiy. or the ine\irahl) rirlng prlcc oi 
i oa l  u~ l l  rc.,trlcf 11. .lice t ~ i  the .ahe to 
.t~lntuhere around ahout C(WM~-.IIII~I(I~ 
tt)n\. .Allt~\c ing I h.11 .omc c.tul-fired 
p1.m u i l l  he w~lhdruun hctuccn now 
diid the \L.Jr !ocrl J ~ J  tliat rr.\ersc 
..tpac~t) I, J mu\[, [liar mccrn, that 0111% 

\~hout 50 I F M I f l l i '  #>I L iU i . l i r~d  plant ,an 

he \uppor!ed. rhi r  uould leave a \htrrc- 
fall on demand which uould have to he 
met hy nuclear plant. One e\timate put 
the requlred nuclear capacity hy ?(XU) a! 
ahou! I I OWXlW and \trc\\e\ rhat the 
la[ p~thead coal-l'ired plant i c  unlihcly to 
be cc)mmi\\ioned much later than ju\t 
after the turn o f  the century. . I, 

"Maintenance research at ERE" by Dr 
E. 1. Gibson is the subject of N o  2 in rhe 
Institute of Bu~lding'r  maintenance 
information Ieaflrts. Enquiries to Engle- 
mere. Kings Ride. Ascot, Berkr. 

BSRlA bibliography on air curtains 
lists 63 references. TI ,130 (payable wlth 
order) from the Associatron at Old 
Erackndll Lace. Bracknell. Berkr. 

CITB have scheduled three courses on 
oi l  fired healiog. dealing with fault 
diagnoc~s, maintencnce and repair of 
domertic ~nodules. Courses are to be 
held at Long Earon centre and are free. 
employerr habing to pa) oniy for acrom. 
modatron and wage\ during training. 
Enqulr~es ro The Manager. Train~ng Ser- 
bit.e\ Agent! Sk~l l \  ('enrre. H'ilslhorpe 
Road. Long Eaton. Unrr~nnham. 


