The effect of wind speed
upon heat requirements and
internal temperatures

L M Miller

Introduction

WHEN  CONSIDERING the overall
inereuse in heat loss trom an englosure
die to the intluence of wind specds in
ereess of those speaitied at a partcular
desrin condition, ar s necessary o
cwaanne the refationshep the
senifation and sructural losses i order
1o assess the additional thermal loads
e pe "o,

Ine thermai load imposed by the
mtdtratcn. ol cold ouraide wir into the
mtentor ol a0 heated bwilding s a
function ot the prevailing wind speed
and the ditterence beiween the waternal

bhetween

and  oxternal temperatures, which
parameters also attect the rate ot heat
tlow theoqgh the building  tabric.
Consequently, the total heat

requtrement with a strong wind and a
moderate external temperature mas be
equal to, or exceed, that with a light
wind and a lower external temperature,
and the tollowing note attempts, by
means o g amplitied  analysis, o
guantify these tactors in terms ot ther
effects upon internal temperatures.

Infittration loss

The rate ot air flow through a given
building or enclosure is dependent upon
the air tighiness of, and. ihe pressure
differential the containing
structure, and the areas and resistances
ol the openings and interstices to - air
flow,

The pressure difterential s caused
cither by the wind, in which case air enters
through' crack+ and apertures in the
windward side and leaves through
sumitar apenings in the leeward side, or
due (0 the buovaney ot the air,
commonly termed “stack eftect’, caused
by the dittference in temperature, and
bence density, between similar columns
of air innde and outside the building.
Whilst bath etfects are applicable at all
umes, that due to the latter v generally
smail compared to the tormer and tor
the present purposes only that due to the
velocity ot the wind will be considered.

Wind speed and direction are serv
dependent upon local topography: tor
exnample, the general effects of a built-up
arca and the particular effects of the
presence ot neighbouring buildings upon
the pressures over the facades ot a
structure may be so complex as (o be
virtually unpredictable.

ACTONS,

However. it is .nown from tests. that
the positive pressure on the windward
face of a building ranges from about 0.5
.0 0.8 umes the velocity pressure of the
free wind. and on the leeward face. the
nevative pressure is about 0.3 or 0.4
umes the velocity pressure. He:iom ke
total wind pressure forces acing 4 1
bui'ding are approximately equa! ne
velocity pressure of the wind. anu .wus
the pressure difference acting across an
external element could. without introduc
INg excessive inaccuracy. be taken as
being equal to one half of this.

The general equation governing the
flow of air through window opening joints
180

Q =C(Ap)n.
where Q - the volume flow rate of air per
metre of window opening
joint, litre.'s
C - a window infllitration coeffi-
cient. defined as the volume
flow rate of air per unit length
of window opening joint at a
pressure differential of
IN/m?. litre/ms
p = the pressure ditference across
the window. N/m?
and n = an expcnent, which for win-
dows, is 0.625
Hence. Qu(Ap)0-62¢
Now the wind velocity pressure is given
by the expression:
P, = i:pv)
where P, = the velocity pressure of the
wind. N/ m?*
p = the density of the air, kg/m’
and v = the velocity of the wind. m/s
Thus. P, a(v)*, and sincz Apa P,. therefore
Apa(v)?, therefore Qa(v)!.25
Hence the thermal load due to air infiltra-
tion increases exponentially with the
velocity of the wind. and this is
demonstrated in Table I for wind speeds
of 3, 6 and 9 m/s (7. 13 and 20 mph
respectively) relative to a velocity of 2
m:s.

Table |
Increase in heat loss due to air infiltration
at various wind speeds

Wind speed, m's 2 3 6 9
Valuesof (0325 238 395 9.39 15.59
Inuzease in Basis 66 295%, S55%

venulaten loss

Structure loss
The average rate of heat flow through
an exposed building element is 2iven by
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the following equation:
q =U.A. (Lol
where q = the rate of kzat flow. W
U = the cverall coefficient of
thermal transmission.
w m.‘oC
A = the area of the ¢lement. m*
t. = the inside environmental
temperature, °C
and t, = the outside soi-air tempera-
ture. - which for winter
heating applications may be
taken as being equivalent
to the outside air tempera-
ture, °C

i

Now in the calculation of the thermal
transmittance coefficient, the thermal
resistances at the inside and outside sur-
faces are given by the following expres-
sions:

1
~ T-2Eh, + h,

the thermal resistance at the
inside surface. m*°C/W
the longwave emissivity
factor for the surface,
dimensionless,
=0.9 for normal building
materials
h, = the radiation
W/m?°C
=5.7 for a mean surface
temperature of 20°C
and h. = the convection coefficient,
W/m?°C
= 3.0 for horizontal flow
through walls where air
movement does not. for all
practical purposes, occur
over the surface.
Hence. following substitution, the value
of the inside surface resistance is found to

( R,

]

R&I

E

coefficient.

be equal to 0.109 m*°C/W
@ Ry=o—
w Eh, + h¢

where R, = the thermal resistance at the

outside surface, m?*°C/W
with other symbols as given above and h, _
being given a value of 4.6 W/m*°C at a
mean surface temperature of 0°C.

In instances where air movement
occurs over the surface the value of the
convection coefficient may be derived
from the expression:

h =58+ 4.1v
wherev = the wind speed. m/«
Tne outside surface resistance used in



Table [1

Table II}

Variation in outside surface resistance with  Variatioas in heat flow per unit area for various building ciements

wind speed
Wind Speed. m/s
Wind speed. m/s 2 3 6 9 Element 2 3 6 9
h. 140 18.1 304 427 Single U value 6.10 6.49 7.25 7.69
Ry, 0.055 0.045 0.029 0.02! glazing - % increase Qasis 6.4 189 26.1
Solid U value 2.18 2.23 2.31 236
wall % increase Basis 2.3 6.0 83
Cavity U value - 1.57 1.59 1.63 1.66
wall % increase Basis 1.3 38 5.7
Insulated U value 0.993 1.003 1.019 1.028
wall % increase Basis 1.0 2.6 s
Table IV
Percentage increase in structure loss for various proportioas of singie giazing
Wind speed. m/s
Area of glass
3 6 9
Total area
Solid Cavity Insulated Solid Cavity Insulated Solid Cavity lasulated
0.1 33 2.8 3.2 9.0 8.4 9.2 12.5 1.9 12.6
0.2 4.0 38 43 11.3 11.2 12.5 15.6 15.8 17.2
0.3 4.5 4.5 4.9 13.0 13.2 144 18.0 18.4 199
0.4 5.0 5.0 3.3 14.4 14.7 15.7 19.2 20.4 21.6
0.5 5.3 5.3 5.6 15.5 15.8 16.6 214 219 229
Table V Tabile V1 :

Summary of increases in structure losses
due (o variation in wind speed

structure tor higher wind speeds. The
variation in the values of the outside-
surface resistance, again for wind speeds
of 3. 6 and' 9 m/s, are shown in Table II,
with the variation in the overall U value
for single glazing and walls of the three
following constructions being given in
Table I11. ’

(a) 9 inch thick (uninsulated) sohd
brick wall, plastered internally.

(b)Y 11 inch thick (unventilated) cavity
brica -vall, plastered internally.

(c) 104 inch thick (unventilated) cavity
wall having insulating block inner leaf,
plastered internally.

We may now calculate the combined
increase in heat flow through these alter-
native constructions incorporating
various fractions of glass, and a summary
of these results is given in Table IV from
which it will Le observed that since the U
values of the walls have a comparatively
slight effect relative to the proportion of
glaving, this data may be condensed to
that shown in Table V.

Overall increase in heat requ.rement due (0 increases in both ventilation and structure losses

Wind
Area of glass Wind speed. m/s Area of glass speed Tnfiltration loss as a fraction of total heat requirement
otal area "3 6 9 Total area m/s 005 0.10 0.20 0.30 0.40
0.1 3% 9% 12% . 3 6% 9% 16% 22% 28%
0.2 4% 11% 16% 0.1 6 23%  38% 66% 95% 123% |
0.3 5% 13% 19% 9 40% 67% 121% 176% 230%
0.4 5% 15% 21% .
05" 5% 16% 22% 3 7% 10% 16% 23% 29% -
) 0.2 6 5%  39% 68% 96% 124%
the - computation of the ‘Standard’ U 9 4% 0% 1,24% 178% 232%
. values published - in the IHVE Guide 3 8% 11% 17% 23% 29%
conform to the currently accepted 0.3 6 27% 41% 69% 98% 126%
concept of ‘Normal’ exposure, which 9 46%  13% 126% 180% 233%
assumes that a wind speed of 2-m/s is
applicable at the surface, this being equal 3 8% 11% 17% 23% 29%
to two-thirds of that at roof level. 04 6 29%  43% 1% 99%: 127%
However, the speed of the prevailing 9 4% % 128% 181% 8%
wind will affect the thermal ro;sistance of 3 8%  11% 17% 23% 29%
the boundary layer at the outside surface, 0.5 6 31%  45% 73% 100% 128%
which in turn will affect the overall value - 9 49%  75% 129% 182% 235%
of the transmittance coefficient, thereby ) '
increasing the rate of heat loss from the 1aue vi1

Summary of the overall increase in heat requirement dwe to increases in both ventilation

and structure losses

Infiltration loss as a fraction of total heat requirement

Wind speed. m/s 0.05 0.10 0.20 0.30 0.40
3 8% - 11% 17% 23% 29%
6 28% 42% 70% 98% 126%
9 - 44% 1% 125% 179% 233%
Increase in total loss

The data in Tables I and V enable us to
estimate the overall increase in thermal
load relative to the total heat loss at the
original design condition and wind speed
of 2m/s.

For example, if 10% of the original
total heat loss was attributable to infiltra-
tion, then for an external wall area incor-
porating 20% single glazing, the overall
increase in thermal load with a prevailing
wind speed of 6 m/s would be equal to
(295% of 0.1) + (11% of 0.9) = 39.4%.

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

overall increase in heat requirement due
to the area of glass is small relative both
to the original proportion of heat loss due
to infiltration and the effect of the wind
speed, these data may be summarized as
shown in Table VII.

Decrease in internal temperatures

The data in Table VII facilitate deter-
mination of:

(a) The reduction in internal
temperature due to the influence of wind
speeds in excess ot 2 m/s at the onginal
external design temperature.

(b) The increase in external
temperature necessary due to the in-




Auence of wind speed in 2xcess of 2 m-s
to .nainiain the ‘original internal design
temperature. and

(¢) The interna! temperatures adle to be
maintained with prevailing wind speeds
and external temperatures in excess of
those at the design conditon(s).

For cxample. if we assume internal and
external temperatures of 20°C and 0°C
respectively with 10 of the heat load at
the design condition being due to infiltra-
ton, then for a prevailing »ind speed of 6
m/s the increase in heat requirement in
order to maintain the original insidesout-
side temperature difference of 20°C is
found. from Table VII. to be 42%.

However. if this addiuonal heat is not
available. then the maximum temperature
difference able to be maintained without
mcreasing the orniginal heat input will be
equal to 20/1.42 14°C. which repre-
sents a reduction of 6°C in
temperature from 20°C to 14°C.

Altiernatively.  the onginal
temperature of 20°C couid he maintained
with a prevailing. wind speed of 6 m/<
provided that the external air temperature

internal -

internal -

Table VIII

Reduction in internal temperatures due 10 increase in wind speed

[~8 (ration loss as a facuon of total heat requirement

Wind speed. m 5

0.05 0.10
3 1°:C 2°C
) 1:C 6°C
9 6°C 9:C

did not fall below 6°C. or again. for a
combination of 6 m/s wind speed and an
external temperature of 3°C. an internal
temperature of 3 + 14 = 17°C could be
maintained.

The approximate reductions in internal
temperatures due to the influence of
prevailing wind speeds in excess oi 2 m/s
for design inside/outside temperature
differences of around 20°C are given in
Table VIII.

Conclusions

Although the foregoing simplified
analysis does not take account of many
factors associated with this problem. it
would nevertheless appear “hat the in-

0.20 0.30 240
3=C EC §oC
8:C 10°C I-C
1=c 13°C “18:C

cidence of wind speeds in excess of those
used for the calculation of heat losses at
the design condition can have a signifi-
cant effect upon internal temperatures.
Consequently. the incidence of
prolonged periods of excessive wind
speeds during the preheating and cooling
periods of intermittently heated buildings
may lead to the non-attainment of ade-
quate internal temperatures at the com-
mencement of occupancy and to the
necessity for extended preheating periods
respectively. whilst the adverse effect ex-
perienced during the occupied period may
necessitate the occasional use of
supplementary heating units in rooms
which are normally adequately heated.

South African research on wave power

Exatne research to harness energy
trom the sea on a large scale s o start at
stellenboseh University earfy in 1978,
I'he rector sind that-a research chair in

T ocean engineenng is to be established at

‘he university . The importance ot the

project s altustrace ! by the wide
support, both local and international,
which has been promised. He sad tne
advantages ot research into eneryy from
wave moton ofl South Africa’s coast
were enonmous. The country had almost
pertect conditions tor the project along
its S7RO-hilometre of coast. The coastal
shelt s suitable for anchoning machinery
and the wases are of more constant
duration than those ott the United
Kingdom or Lurope.

Mining legislation

The Soath African Government i
considering legilation to rationalise all
aspects of coal minmg to ensure the
country s coal resources are tsed to the
best advantage. The Minister of Mines
alsa said that present inadeguate control
of coal mimng —espectally inoreeard o
waste and wastetul mimng methods—
“should be rectitied torthwith. ™

South Africa had @ role 10 play in
detendimy Western Givilisation by
makine avatlable coal, uramum  and
technology taa werld that is gomng to be
n desperaic eed of these commodities,
waid Prot W 10 O van Rensbure,
Drrector ot the Insntute tor Boerey
Stadies ar o the Rand Ainkaans
L oniversin

“However, we should not

sacrifice our own selt-sufticieney i the
process and pick the eves out of our cosl
deposits. ™

As a result of past and present price
control policies in South Africa, he said,
the percentage extraction was poor, and
under present conditions the extractable
coal reserves were only around 25 billion
tonnes. Ccoatrol over the industry was

fragmented between a number of
Government departments and semi-
State corporations.
Coal availability

One very real problem that will con-
tront the Electricity Supply Commission
sooner or later is-coal availability. The
Petrick Commission put South Atrica’s
mineable reserves at 80 (00-million tons,
but only about 25 000-million tons of
that is extractable under current
cconomic conditions. But there are other
snags. Only 55 blocks of coal exist from
which more than 280-million toas can be
extracted, even it adjacent areas under
dittferent ownership are combined, and
there are other consumers—notably
Sasol—not (o menton export commit-
ments. )

Escom feels that either national
policy, or the inevitably rising price of
coal will restrict ats slice ot the cake o
somewhere around about SO00- yiiion
tons. Allowing that some coal-fired
plant will be withdrawn between now
and the vear 2000 and that reserve
APty s g must, that means that only
about SO 00ONMW ot Coal-tired plant can

be supported. This would leave a short-
tall on demand which would have to be
met by nuclear plant. One estimate put
the required nuclear capacity by 2((%) at
about 11 00OMW and stresses that the
last pithead coal-fired plant is unlikely to
be commissioned much later than just
after the turn of the century.

‘*Maintenance research at BRE'’ by Dr
E. J. Gibson is the subject of No 2 in the
Institute of Building's maintenance
information leaflets. Enquiries 10 Engle-
mere, Kings Ride, Ascot, Berks.

BSRIA bvibliography on air curtains
lists 63 references. £1.00 (payable with
order) from the Association at Old
Brackn:ll Lase, Bracknell, Berks.

CITB have scheduled three courses on
oil fired heating. dealing with fault
diagnosis, maintenance and repair of
domestic nodules. Courses are to be
held at Long Eaton centre and are free,
employers having to pay oniy for accom-
modation and wages during training.
Enquiries 1o The Manager, Training Ser-
vices Agency Skills Centre, Wilsthorpe
Road. Long Eaton, Norungham.



