
The effeots  of she l t e r  on the ,natural  vent i la t ion  and in t e rna l  
a l w t e s  of simple animal ho-uses, 

by dove SMITH <-, 

It has F e n  suggested t h a t  on most occasionsl the prime mover &I the nab.wal 
venkllation oP farm buildings w i l X  'be w$nd ra ther  than stack piPess&f).( ), !!!he 
ef fec t  of var ia t ions  of wind d i rec t ion  on the vent i la t ion  r a t e  of brlkldbgs, a s  
dls.tir,ck P r o m  irfdividual s o m s ,  has been shovm t o  be small, eo t h a t  in  
genepal, our problem i s  reduoed t o  a oonsideration of the e f f eo t s  of dhel ter  m' 
nhd v e S o ~ i t y  and w i n d  pressure. % 

Both . the r a t e  of exohan@ of a i r  between the building and the o u ~ ~ k & e .  
a h ~ e p h e r d ~ a n d  the pa.ttern of air  flow within the building m e  of imporhoe, ' ;  

2, The a n a l o ~ y  be tween vvent$la$ion and, e l e o t r i c a l  networks , 

The r e l a t i o n  bsbeen '  the elcbotrbmo'bive foroe and ourrent in a ~ k b $ a  ,k 

e l ea t r ioa l  c i r o u i t  i s  given b$ Ohms laV. 

E + R ' I  
' .  (1) 

where E,,= the"e,nf,f, , ?  

. - R = a Jbnktant = tho r e s h t a n c e  of h e  bhchjlf, 

For a sinple oircuib of suocbssive ( se r i e s )  conduotors, contbui . ty  of d ~ r o n t  
., flow through the abnduotora i s  oxpressed by t h e  rblationship. 

I = oons.hnt 
! 

'? (ii) 

~qun%ioflb' (i) and (ii) havd been'?(;ederblise& by k&sqhokf and f o r  oomplex.lr~ho&a 
I r ,  3 of ootsauctors we nay write, . 1 '  , 

t. ( t?) '' $ti any olo rleljt airt&t; , 
1 

I + E P A T R . I  1 

Y 
' / 

I ,ar the ,e.rn.i. in' fhe  a ~ o d t  i s  e q b l  t o  the'algebmio sum of the 
mggueta of +he,,resis&nbe md a w r e h t  for csaah craapotient of the 

a bi6"djlftt. I # $ \  ?.,% , 

. (b) - I L t  &dtiy- iif n o3.kdd.t 
i 

* :,.,. ' ? {  I *  : , - \ -  L :: y ! 6 . I  I ,  " , , ' 7 I , ,  , ,  C *  
. L r  

..dr",'i;hd .kiigebrtzirj~ ri&''ikr h e  utii.rbht6 fPhibh meek a t  a poPtit i s  &erq, 

'Tbb iaws' nhhh 'goiiec+ 'the: ~u$flty d i  air to '  s vkh-t&ia%hn ~ i t g m  have b 3 h  
WionCsd in 8 previms'  h6%& (2). 

: r  - 

The rlelatidn be.$mlbn the' fo#ae o r  hbnd. movin the 6k and fhd ' f 2 0 W  or 
volume 6f air palisiflg &bugh the sy~-keni'in u n i t  t h e  IC of thb  f& 



2 H = R V  ( . i i i )  

where H = the head 

R = a oonstant charaoter i s t io  of the vent i la ted  system and 
known as  i t s  resis tanoe,  

I f  there  may be no nccummuletion of a i r  within the system i.e. outflow 
equals inflow, then oontinuity o f  flow may be approximated by the expression 

v = oonstant (iv) 

Fndioaeing t h a t  the volume of a i r  passing i n  u n i t  time i s  the same f o r  a l l  
oross-sections of the system. 

Zle ganeral isat ion of equations ( i i i )  and ( i v )  and h e i r  applioation t o  a 
oomplexventilation netnork i s  readi ly  followed by analogy with the  more 
familiar a l eo t r iod l  systems and sre may wr i te  

(a), I n  any olosed vent i la t ion  c i r c u i t  

o r  +he head aot ing i s  equal t o  the algebra90 sum of the produo-ts of 
ihe  resis tanoe and tho square of the flow f o r  eaoh oomponent of t he  
o i rou i t  . 

(b) At any point of a ventUation o i r o u i t  

o r  tho d g o b r a i o  sum o f  the akr flows wMoh meet a t  a point i s  zero, 

3. The ven5ilation of isolaeod b u t l d i n ~  

liet the  resiatanoe of the i n l e t s  on the ~ i b d n a r ~  t ia l l s  of a vent3lated 
buildin@; be r and the rosistanoe of o u t l e t s  i n  +he remaining walls be R and 
in the roof be R2e I Yhe resis tanoe of tho intervening v8nt%lated spaoe i s  

regaxdod a s  zero. , . 

Let  %he head due t o  wind pressure aoroas tine ve r t i oa l  r ia l ls  be H .and 
the head due t o  wind pressure  on the roof be H2, I 

Let, the  volume of air  enterlng i n  u n i t  time be V end the volumes leaving 
through %he walls and roof be V a d  V2 rospeotively. 

1 

The andlogy d r a ~ m  b e b e e n  e l eo t r ioa l  and a i r  flow o j r o u i t s  i n  the preoeding 
seotion emblcisus t o  s e t  up the a i r  flow diagram of f igure  I .  



The genera l i sa t ion  of equations ( i i i )  and ( i v )  enables us  t o  w r i t e  

f o r  network f~ B C F 2 R ~ V ~  2-IL2~2 = - H2 

network L B D E 
2 2 

r V  + R V  = H A  
I 1  

a t  p o i n t  F V = V, + V2 

lile note  t h a t  &n general  roof pressures  a r e  l i k e l y  t o  be negat ive  ( f o r  a 
p i t c h  l o s s  than 35 ) and H2 w i l l  have tho opposi te  sense t o  H I "  

The followWg cases  a r e  of i n t e r e s t .  

i , e ,  oross  v e n t i l a t i o n  with no flow through d u c t s  i n  t h e  roof ,  

Our e x p r e s s i w s  reduoe ' t o  

and i f  r = Rl 

Case 11, V 2 >  V1 

i , e ,  t h e  g r c a t e r  p a r t  of tie outflaw takes  plaoe through duots  in t h e  
r s o f ,  eny i u . b  flow through t h e  wa l l s  being f o r t u i t o u s ,  

Our expressions reduce t o  V = V2 

and if r = R m d  HI = 2 H2 



Case IS1 Both V and V a r e  s i g n i f i o a n t ,  --& I  2 

For s impl io i ty  we assume r = R1 = R* and ( H I = (2 H~ \ 
1 

Our expressions reduoo t o  

and 

2 The two valuos f o r  V a r i s e  from the  s o l u t i o n  of a quadratip f o r  V , The 
l a r g e r  value  i s  aooepted s i n c e  it i s  reasonable t o  expeot t h e  v e n t i l a t i o n  r a t e  
t o  exoeed t h a t  of Casos I and 11. 

4 E a r ~ e  soalo prooesses 

I n  general ,  t h e  v e n t i l a t i o n  r a t e  of a bui ld ing w i l l  vary l i n e a r l y  w i t h  wind 
ve loo i ty  $irloo the  v e l o o i t y  head has  been shown propor t ional  t o  the  square o f  
velooity,  

The nodi.fioation o f  t h e  f'ree nind imposed by topography and general  surfaoe 
roughness oan be t r e a t e d  i n  broad terms. Measurements suggest  t h a t  t h e  wjnd 
speeds in suburban and buil t-up a r e a s  a r e  approximately 2/3 and 1/3 of the  w i n d  
speed observed i n  open oountry, The var ious  ontegor ies  of exposure ado t e d  
by the  B r i t i s h  Standards I n s t i t u t e  (when t h e  i n t e r e s t  i s  i n  ~ T k d  loadingy a r e  
given in Table I, The ca tegor ies  of exposure adopted by t h e  Ills-titu+e of 
Heating and Vent i l a t ing  m g i n e e r s  (when the  i n t e r e s t  i s  i n  oonduotanoe h e a t  l o s s  
through the  f a b r i o  of t h e  buildin@;) a r e  given i n  Table 2, 

5*  Loon1 modification of t h e  fkee nind 

Obstaoles having roughly the bane he igh t  a s  bu i ld ings  nay be d i s t ingu i shed  
by t h e i r  permeabi l i ty  t o  wind $'lo~v, The p a t t o r n s  of wind ve loo i ty  es tab l i shed  i n  
assooia t ion with s h e l t e r  b e l t s  of varying degrees of permeabi l i ty  a r e  now wel l  
doounented (3). O f  g r e a t e r  b t e r e s t  than t h e  o f foo t  of a reduoed wind ve loo i ty  on 
v e n t i l a t i o n  r a t e s  i s  perhaps t h e  e f f e o t  of eddying f low ( i n  the  l e e  of s h e l t e r  b e l t s )  
on the  p a t t e r n  of air flow w i t h i n  a  building.  Beoause of inflow around tho edges, 
the  s f f e o t i v e n e s s  of a b a r r i e r  i s  l i k e l y  t o  be s l i g h t  f o r  oblique i n ~ i d e n o e ,  un less  
t h e  l eng th  of the  b a r r i e r  1s g r e a t e r  than,  Bay, 20 timos i t s  height,  

( i) Permeable b a r r i e r s  

Ve euppose t h a t  t h e  permeabi l i ty  i s  l e s s  than 5 6  i . e c ,  we oonsider the  oase 
where dovmdraughta d g h t  norna l ly  bo expeotod in  the l e e  o f  t h e  b a r r i e r .  

!!!he existenoe of a $owndraught t r i l l  r everse  t h e  normal negat ive  wina pressure  
t o  be expeotad, on the  roof  of a n  i s o l a t e d  bui lding,  and f o r  a bu i ld ing  under the  
l e e  o f  an obstaole  t o  wind f low we nay s e t  up t h e  flow diagram of f i g u r e  2, 
i d e n t l o a l  with that of f i g u r e  1 , exoept t h a t  V2 and H2 w e  now reversed. 

.'--- \ 
p o s i t i v e  sense, 



The condi t ions  of flow a r e  such t h % t  

f o r  the  network L B C D 2 2 R2 V* t  R1 v1 = H2 

network F C D E 2  
- R  v 2 t r v  = - H ~ + H ~  2 2 

f o r  the  po in t  F Vl = V t  V2 

I 
f o r  ~! .np l ic i ty  we again assume r = R1 = R2; ; H I  = 2 / H 2 l  and our 
expressions reduce t o  

2 
the  two so lu t ions  a r i s i n g  f'rorn a quadratic f o r  V . 

! 1 
This so lu t ion  implios V2 = 0 and 1 V, = V = .7 [3lt 

n 

Previously ,  the  pos i t i ve  and negative s igns  t o  be assoc ia ted  with values  of  

V, V1, V2 o b t o h e d  f ron  V 2 
2, v1 2 ,  V2 have been ignored, s ince  they have 

s b p l y  r e f l e c t e d  tho symmetry of  the c i r c u i t s  and implied t h a t  a r eve r s a l  
of t h e  pressuro heads s inp ly  reversed the  d i r e c t i o n  of flow, This i s  not  
t ruo  i n  the  present  oase, where t h e  p r e s s w e  heads a o t  in  p a r a l l e l  r a t h e r  
than hi se r ios .  

1 
then Vl  = + .66 [>I2 

H $ then V2 = + 2'4 [$$ 

TakLlg l i k e  s igns  f o r  V, and V, we have 

(H )A- 
= (4) . . . . - -  

me v m i i l o t i o n  r o t e  i s  given by v = .66 [%ji f o r  TI \ V >  v2 i I' 



Case C Taking a l t e r m t e  signs f o r  V1 and V 
(........1111 2 

ve have V = V + V2 
I 

!he various a l t e rna t ives  a re  s e t  out diagrarnmatioally below and 
compared with the oase where the wind preosure on the roof i s  negative, 

Roof P r e s w  
Negative 

Roof pressure 
pos i t i ve  

This simple study suggests t h a t  whils t  the overal l  v e n t i l ~ t i o n  r a t e  
may depend p r b a r i l y  on tho velooity head, eddy motion may a t  times be 
important. The f l o n  pa t te rns  established i n  the l e e  of she l te r  b e l t s  
and bluff obstaoles a r e  unl ikely t o  be s ta t ionary  and i f  eddies break 
forward, and are  superposed on the general a i r s t r ean ,  then the pa t t e rn  
EXXI magnitude of t h e  a i r  movenents within buildings w i l l  o h g e  a s  the  
effeotiveness of openings a s  i n l e t s  and ou t l e t s  i s  modified by wind 
pressure, 

A f luo tua t ing  wind direot ion w i l l  e q w l l y  impose f luo tua t ing  
prsssure pa t te rns  on a building, again possibly oausing openings t o  
a o t  a l t e rna t e ly  a s  i n l e t s  and ou t l e t s ,  

( i i )  Impermeable o r  s l i a h t l y  permeable be,rriers 

The work of Bailey and Vinoent has been oonoerned wi+A wind tunnel 
me~surements of tho wind pressure on buildings (of l i n i t e d  oross-wind 
length) standing alone and f i l l y  exposod, and also when shel tered by other 
bufidings (4). The nind m s  a t  normal inoidenoe t o  t he  models, 

The pressure pa t te rns  observad a re  a funation of building height and 
roof slope. For oonvenienoe the r e s u l t s  i n  sone simple oases a r e  
reproduoed in  figures 3 and 4, 

(i 'l7e nay oonnont on f igure 3 t h a t  the flow of a i r  through the ~ h a l t o r e d  
building w i l l  be i n  t he  same senso a s  the  wind (wind-nard wall  pressure 
pos i t ive)  u n t i l  the separation i s  approximately I .75 times the building 
width, I f  the separat ion i s  l e s s  than t h i s ,  the flow within the building 
w i l l  have the opposite sense t o  t h a t  of the wind, Roof pressures a r e  
always negative. Whon the separation of the buildings i s  sero, the 
pressure exporienoed on the sooond leeward roof of a two bay building i s  
approximately t h a t  oxperianoed by a singlo bay building, 



I n  f i g u r e  4 we see  t h a t  the  flow through t h e  she l t e red  bu i ld ing  
has  the  scae sanse a s  the  wind un less  t h e  separation i s  l e s s  t h a t  t h e  
width of the  ind iv idua l  buildings.  Eddy e f f e c t s  produoe a p o s i t i v e  
pressure  on t h e  windward roof of the  third bui lding ( a t  a 
separat ion of one t o  two B).  

bioasurements ind ica ted  t h a t  t h e  wind p ressures  experienoed by 
the  c e n t r a l  bu i ld ing  of f i g u r e  4 were a p p r o h a t e l y  those of 
t h o  she l t e red  bu i ld ing  i n  f i g u r e  3 t h a t  i s ,  downstream f e a t u r e s  oan 
in general  be neglected. 

6 .  Temperature nnd humidity changes wi thin  s h e l t e r e d  animal houses 

The physical  e f f e c t s  of s h e l t e r  b o l t s  have been disoussed by Gloyne, 
S h e l t e r  w i l l  change the  o v e r a l l  v e n t i l a t i o n  r a t e  and t h e  oonduotanoe h e a t  l o s s  
from a building, .  

I f  $ 4 8  assume condi t ions  change s u f f i c i e n t l y  slo~~l-jly i n s i d e  and ou t s ide  a 
bui lding,  we may w r i t e  balance equations f o r  t h e  temperature and moisture 
condi t ions  wi th in  the  building. 

Let  h = the  h e a t  produotion /aninal/ hour 

hs = supplementary space hont ing supplicd/onimnl / hour 

H = moisture produoed /animal/hour 

And if T = outs ide  temperature 

T + 3  T = i n s i d e  temperature 

M = moisture aontent  of t h e  ou t s ide  air 

M +c! Id = moisture oontent of t h e  i n s i d e  a i r  

C = conduotanoe h e a t  l o s s  through t h e  f a b r i o  o f  t h e  building/animal/ 
hour/degree F 

V = volume of a h  supplied/anhal/hour 

= a i r  d e n s i t y  

;; = spec i f io  honk of  a h  

For steady oondit ions wi th in  t h e  house 

Moisture produoed = Moisture l o s t  

Heat produced = Heat l o s t  

Tho v a r i a b l e  r a d i a t i v e  h e a t  l o s s  from a bu i ld ing  i s  oompensated t o  some e x t e n t  
by a s o l a r  heat gain. The r e s u l t a n t  v a r i a t i o n s  of t h e  e x t e r n a l  su r faae  
temperature m i l l  be a t t enua ted  a t  a n  i n t e r n a l  surfaoe and t h e  inf luenoe on 
the  i n t e r n a l  h e a t  balanoe i s  l i k e l y  t o  be small, except f o r  bu i ld ings  of 
extremely l i g h t  cons t ruc t ion ,  



The 'U value1, the  ove ra l l  'n i r  t o  a i r 1  coe f f i o i en t  of hea t  transmission of 
a o o n s h o t i o n  though usua l ly  quoted t o  two d e c a l  placos (suggesting considere  
able  exaotness) i s  never tholess  no t  a oonstant value. !be t r a n s f e r  of hea t  
f'rom an ex te rna l  wa l l  t o  the  outs ide  atmosphuro w i l l  bo dependent upon wind 
spood, e*~apora.i;ion and the  e n i s s i v i t y  of the  surface and i t s  surroundings. 
For tho tluaee oategor ies  of oxposure adopted by the  Ins tLtuto  of Heating and 
Ventila'king Enginoera the  r a t i o  of d ~ g r e o  of exposure t o  U value i s  of the  order,  

Sheltorod; normal; sovero = Uo; I .I Uo; 1.2 U 
0 

f o r  wal l s  of normal oon s t ruo t i o n  

f o r  windows m d  roo f s  of  normal oonstruotion. , 

Broadly, a reduotion of oxposuro reduoe t he  hoot l o s s  and increases  the  
temperature l i f t ,  

k deorease in  tho v e n t i l a t i o n  r a t e  incrensos  the  temperature dif'f'oranoe of 
the  i n t e r n a l  and ex te rna l  atnosphoros and airsul.tanoously inoreuses  the  moisture 
oontent wi thin  the  building.  The oonsequonoes, i n  terms of  t h e  r e s u l t a n t  
r e l a t i v e  humidity o r  condonsation oan only bo examined i n  speo i f i o  oases, 
For t h e  mate r ia l s  usod i n  tho construct ion of the  bui lding neod t o  be known, 
whi l s t  the  baeic  hea t  m d  moisture output of  animals va r i e s  wi th  speoies and 
age. 



Table 1 

Exposure oatep;ories adopted i n  t h o  Br i t i sh  Standard Code of Praotioe. 

C.P,3, Chapter V ,  I952 

Exceptionally s m l l  exposure t o  wind a s  a r e s u l t  of na tura l  proteotion 
t o  the building, This exposure hazard should be adopted only ra re ly ,  
s h o e  of ten  the shielding afforded by surrounding country of higher 
a l t i t u d e  i s  not e f fec t ive  f o r  a l l  d b e o t i o n s  of  whd and in some 
d i rec t ions  a "funnel" e f f eo t  nay lead t o  a oonsiderable increase of 
wind pressure. 

This grade should be used gonorally, except near the sea coast  o r  
e s tua r i e s  or  f o r  a l t i t u d e s  over 500 f t .  above sea level .  

Exposure C. 

This grad0 i s  applicable to open oountry generally,  f o r  a l t i t u d e s  up 
t o  about 800 f t .  abovo soa lovol,  but not near the sea ooast o r  
es tuar ies .  

Exposure D. 

This degree of exposure covers exposed s i t e s  within f i v e  miles of 
the cocst  or  an estuary, o r  a t  an a l t i t u d e  of over 800 f t .  above sea 
level.  

Defini t ions o f s u r e  adopted by the I n s t i t u t e  of  H e , a t i n ~  and Vantilaking - 

Sheltered - inoludes the f i r s t  two storeys above ground of buildings i n  
the i n t e r i o r  of tovms 

C" 
Normal - - inaludes tho th i rd ,  four th  and f i f t h  storoys of bui ldings in 

the  i n t e r i o r  of towns and most suburban and oountry premises 

Sgvera - - boludea  s i x t h  and higher skoreys in  the  i n t e r i o r  of t o m s ,  
and bui ldings exposed on h i l l  s i t e s ,  the  ooast,  o r  r ivers ide ,  
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FIGURE 3. 
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Variation of pressure with dimension 'D' in a model 

with roof scope 23 hO. 
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