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WIND VELOCITIES NEAR A BUILDING AND
THEIR EFFECT ON HEAT LOSS

By F. C. HouGHTEN,* J. L. BLACKSHAW ** (WY EMBERS), AND CARL GUTBERLET T
(NON-MEMBER) '

PirrsBurcH, Pa.

fundamental practice of the heating and ventilating engineer. It has

been the subject of continuous study since the heating of buildings
became an important branch of the engineering industry. The determination
of the heating load of a building requires first, knowledge concerning heat
transfer and infiltration through the various types of construction involved
for a practical range of temperature differences and wind velocities; second,
knowledge concerning the weather conditions to which the building will be
subjected ; third, knowledge concerning the proper application of the items listed
in formulae to give the resultant heat loss from the completed building or room
under consideration.

THE estimation of the heating requirements of buildings is the most

During recent years research has hecen directed more intensively toward the
extension of the available data on heat transfer and infiltration, and as a
result, these data are now better understood than the facts concerning the
probable temperatures, wind velocities, sun effect, heat capacity, and other
environmental conditions and their use in the calculation of the final results.
This subject was approved as a major research project by the Committee on
Research last summer, and a Technical Advisory Committee under the chairman-
ship of D. S. Boyden was appointed.

A great deal of consideration has since been given to plans for this study by
the Committee, including the collection of data on the over-all heat demands
of existing buildings, an analysis of weather bureau data for various localities
with a view of determining the combined effect of wind and outside temperature,
and more intensive studies of the heat loss from a few individual rooms in
existing buildings. It was agreed to concentrate for the present on the third
type of study, namely, investigations of individual rooms in existing buildings.
Data were collected during the past heating season in buildings in a number of
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geographical locations, including the study here reported, which was made in
eight rooms in the Grant Building, Figs. 1 and 2.

The Grant Building is a modern 40-story office building of the spt-back
skyscraper type built in 1926. The building is normally heated by a differen-
tial vapor system using enclosed copper convectors below all windows. Control

Fic. 1. TaE GraNT BUILDING, SHOW-
ING LocATIONS oOF Six oF THE EIGHT
Rooms Usgp IN THE STUDY

of heat supply is obtained by varying the pressure of the steam sul.)plied to the
system from a small positive pressure in cold weather to the required vacuum
in mild weather.

The rooms were chosen so as to give data on the heating dem.and of the
different sides of the building on a given floor as affected by outside weather
conditions and data concerning the relation of elevagio‘n to heat demand due to

~ exposure to wind and the chimney effect of the building. Three rooms were
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chosen on the 7th floor; 726 facing Third Avenue or the southwest, 707 facing
Grant Street or the northwest, and 705 facing Fourth Avenue or the northeast.
No typical rooms were available for test on the fourth side of the building which
was devoted largely to corridors and elevator space. The three rooms on the
7th floor were chosen to represent different exposures in the lower portion of
the building, where the heating demands might be affected by other buildings in
the vicinity.

Buildings across the streets which may affect wind movement near these
rooms and their heights are as follows: Across Third Avenue and opposite
room 726 huildings extend to the sixth floor of the Grant Building ; across the
corner of Third Avenue and Grant Street there is a three-story building : the
lot across Grant Street near Third Avenue is vacant; across Grant Street and
opposite room 707, across the corner of Grant Street and Fourth Avenue, and
across Tourth Avenue and opposite room 705, buildings rise, respectively, (o
the levels of the 9th, 18th and 14th floors of the Grant Building. Third Avenue,
Grant Street and Fouth Avenue, are respectively, 37, 88 and 58 ft wide from
huilding to building.

A single room, 1818, was chosen on the 18th floor facing Third Avenue
or the southwest, to represent conditions in the middle or the neutral zone of
the huilding. ‘

Four rooms were chosen on the 27th floor; 2718 facing Third Avenue or
southwest, 2715 facing Grant Street or northwest, 2703 facing Fourth Avenue
or northeast, and 2706 on the north corner facing both Grant Strect and Fourth
Avenue. These rooms were chosen to represent the different directions of
exposure in the upper portion of the building. With the exception of the
corner room, 2706, all rooms had but one exposure, with similarly heated
offices on ecither side as well as abpve and below., The three rooms facing
Third Avenue on the 7th, 18th and 27th floors were similarly located with
respect to the plan of the building so as to eliminate the effect of slight
variations in location on the floor.

Each room studied was equipped with electrical heaters located directly
below the copper steam convector with the cabinet extended downward to 3 in.
from the floor so as to enclosc the electrical heater. The convection currents
of air passed upwards through the steam heating unit and into the room
through the same grille which is used when heating the room with steam. The
arrangement of the electrical heaters with respect to the convector and its
enclosure, the window and other details is shown in Fig! 3. and was observed
by the use of smoke to give convection currents of air into the room of the same
temperature, velocity and direction as given by normal opcration of the steam
system.

The electrical heaters were arranged so that a capacity of 2.560 Btu per hour
was always controlled by an “on” and “off” thermostat located 36 in. above the
floor in the center of the room and shielded from view of the window and
convector cabinet. A simple arrangement of switching made it possible to add
additional or auxiliary heating capacity in units of 640, 1280, and 2.560 Py
per hour, according to the heating demand.  This gave a very satisfactory and
flexible control without the disturbing effect of throwing the entire heating
load of the room on and off. Tach time upon passing through the rooms
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the attendant adjusted the auxiliary heating capacity in an attempt to make
it and that controlled by the thermostat just a little greater than sufficient to
maintain the desired room temperature. All current supplied to each room for
the heating units, light and other uses passed through an integrating watt-hour
meter having dials which could be read to + 5 watt-hours or 17 Btu.

Temperatures were observed by thermocouples, at various heights between
the ceiling and floor in the center of the rooms, at a single location in cach of
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FF16. 3. Test RooMm SuowinG HEATER AnD TEST LEQUIPMENT

A—Original convector cabinct .

B—Electric heater

C—Extended convector cabinet

D—Air inlet to cabinet

E—Thermostat at 36-in. level

F—Control panel

G—Power line

H—DPrecision potentiometer and auxiliary equip-
ment arranged for portable use

I—Galvanometer ,

J—Selective thcrmocouBle switch

K—Thermocouple for observing air temperature
3 ft from outside of window

L—Thermometers for observing inside and out-
side air temperatures

M—Tuclined manometer for observing pressure
difference across window

the adjoining rooms, of the surface of the ceiling and floor in the middie of
the test room, the inside surface of each of the four walls of the test room, the
glass surface, the outside air 3 ft away from the window, and of the outside
wall surface of the building. Some of these temperatures were checked by
calibrated mercury thermometers. The pressure drop through the window
was observed by an inclined manomcter.

. .. . 3 !
Wind velocitics three feet away from the building wall were observed by an
ancmometer held out of the window of a room adjoining cach of the test
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rooms. At a distance of 3 ft from the window the component of the wind
velocity perpendicular to the building wall and the horizontal and vertical

compouents parallel to the building wall were observed. A cup anemometer

was located on the top of the Grant Building and connected to an electrical
counter on the 27th floor.

Complete Government Weather Burcau data were
available from the Pittsburgh station located 1320 ft away in the direction
indicated in Fig. 2,

In making a test, the observer entered each room at about 8:00 a. m., turned
off the steam heat which had been left on the night before and turned on the
electric heating unit controlled by the thermostat and a sufficient number of
auxiliary heaters so that the total was a little greater than the heat required to
maintain the desired temperiature when the thermostal wis on. Observation
of the room temperature, the temperatures of the surrounding rooms and the
watt-hour meter readings were also made on this tour of the cight rooms.
Frequent rounds were made of all the test rooms throughout the day, when
these observations were repeated and the necessary adjustments to the tempera-
ture of the adjoining rooms or to tle thermostats in the test rooms were made.

This procedure was continued until 10:00 p. m., when on the last round the
observer turned off all eclectric connections and turned on the steam radiators
before leaving for the night, thus allowing the test rooms to float through the
night with the same steam heat supply and control as was maintained in the
remainder of the huilding.

Less [requently, additional rounds were made of
peratures given by the thermocouples and thermom
were read and the wind velocities, 3 ft outside
dvops through the window were observed.

the test rooms when teni-
cters in and about the rooms
the window, and the pressure

TeST RESULTS AND OBSERVATIONS

Because of the great volume of data collected between January 18, when
the tests were started, and April 12, when the last test was made, and because
it was impossible to analyze any considerable number: of the results while
collecting the data, this report will be limited to an analysis and discussion
of the results obtained from the weather burcau records, the wind velocities
and temperatures observed 3 ft outside of the individual test rooms, and the
temperatures of the glass surfaces. Table 1 gives wind velocities and tempera-
tures obtained from the weather bureau records and observed near the Grant
Building and results calculated therefrom for the days studied. Tt will be
observed that the minitmum daily temperiatures for the period of the tests on
these days range from —11 to 45 I, The maximum daily wind velocity
ranged from 8 to 34 mph. It should be noted that the minimum temperature
and maximum wind did not necessarily prevail at the same

Colunmin L gives the total solar energy per square foot of horizontal surface
for the period from sunrise to sunsct as recorded by the weather bureau in
Pittshurgh.  Colunm M gives the calenlated maximum rate of heat flow throwugh
a window from an inside temperature of 70 I and the most severe concurring
outside temperature and wind velocity  recorded by the weather bureau for
the test periods.  These ealeulations were based upon an inside glass surface
film conductance coeflicient, fi =165, and an outside cocllicient, f, = 1.65 +

time.
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0232 V, where V is the wind velocity. This relation between the outside
surface coefficient and the wind velocity is in agreement with values deter-
mined by the Laboratory in Pittsburgh * and by Professor Rowley * at the
University of Minnesota. Column N gives the time when the maximum
calculated rate of heat flow occurred, which was most often in the carly

forenoon.

Column O gives the average rate of heat fl
the above considerations and the average temperature and wind v
recorded by the weather bureau for the period of the tests.

Column P gives the wind velocity and Column Q the temperature observed
3 ft outside of the window for room 2703 at the time of the maximum calculated
rate of heat flow. Column R gives the calculated rates of heat loss from a

70 F room to the outside air for the observed wind velocities and temperaturcs
given in columns P and Q.

The rate of heat flow, H, through a windo
difference between the inside air temperature, ts,
if the inside surface film conductance coe

ow through the glass based upon
elocity

w may be calculated from the
and the glass surface tempera-
ture, t, ficient f, is known, by the

formula:
H=1fi (—t) )

Likewise, the outside film conductance cocflicient f, is given by the formula:

. H
b=T= )
where t, = the outside temperature
- f1(ta— t2)
of: fo (ta— 11) (3)

Column S gives the values for the outside film conductance coeffici

upon the inside room air temperature
ohserved at the time of the maximum calculated rate of heat

column M. Column T gives the rate of heat flow through the

the values of f, given in column S, a value of fi
perature of 70 F, and the observed outside temperature

Columns U, V and W give the percet
given in columns 0O, R and T, respectively, are of the maxir

flow given in column M.

These percentages show
room calculated from the observed tem
the window is considerably lower than th
data. When the rate of heat flow
between the inside air temperature in the center of the room a

surface temperature and
discrepancy between this value and that calculated from the weather

that the heat flow through

1 Wind Velocity Gradients Near 3

Houghten and_Paul McDermott, A.S.H.V.E. TRANSACTIONS, Vol. 37,(13. 301.

2 Qurface Conductance as Affected by Air Velocity, Temperature and Character of Surface.
F. B. Rowley, A. B. Algren and J. L. Blackshaw. A.S.H.V.E. TRANSACTIONS, Vol. 36, p- 429

ent based
and the glass surface temperature
flow given in
glass based on
= 1.65, an inside air tem-
3 ft from the window.

rtages which the rates of heat flow
num rate of heat

the window from a 70 I¥
peratures and wind velocities outside of
at calculated from the weather bureau
is calculated from the observed relation
nd the glass

the accepted inside film conductance coefficient, the
bureau is

Surface and Their Effect on Film Conductance, by T C.
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of the wind. While in all cases the average wind velocllty g::z;d; gefrt;l;ﬁ
indow is considerably less than that recorded at the weather ay, ertain
WEnd depending upon the direction of the wind, indicate occasiona gt
W1lrlc?t‘?,:s, 'Llj‘his reduction in observed wind velocity near a bullgn;g n;l}t::t
;zc(;ssariiy be an important factor in reducing the actual heat loss below
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The effect which wind has on the outside film conductance cocflicient for 4
wall or 'window and therefore its eflect on heat transfer is amply demonstrated
by the work of the Rescarch Laboratory ' and Professor Rowley 2 at the
University of Minnesota, These laboratory studies, however, gave results for
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definitely controlled conditions where the wind was parallel to the wall surface.
This does not necessarily apply for natural wind around a building.

The effect which wind has on heat loss from a building differs widely
according to variations in wall construction and the percentage of wall and
window areas in the building. The effect of wind may be negligible for a well
insulated wall, while for a single thickness of glass it may become a very
important factor.

The exposed walls of the eight rooms studied in the Grant Building con-
tained 42 per cent of glass and metal sash and frame area, and 58 per cent
of masonry walls. The masonry walls had a conductance of 0.413. Assuming
an inside film conductance coefficient of 1.65 and an outside brick film con-
ductance coefficient of f,=2.0-}+0.41, where VV is the wind velocity, the
heat transmission coefficient for the wall becomes 0.283 and 0.317 Btu per
square foot per hour per degree temperature difference for wind velocitics
of zero and 15 mph. Assuming glass surface film conductance coefficients f, =
1.65 and f,=1.65-4 0232V, and allowing no resistance to the flow of heat
for the glass ‘itself, the heat transfer coefficient for the glass becomes 0.825,
and 1.248 Btu for the same wind velocities., The 15 mph wind increases the
heat transfer through the glass to 151 per cent of that for still air, which
hecomes a considerable percentage increase for the total building,

SUMMARY

This report, dealing with wind velocities and temperatures near the windows
of several rooms, and their relation to weather bureau observations and heat
loss through windows, represents an analysis of a small phase of the study
made in the Grant Building during the past heating season. As such it should
be considered as a single step in the analysis of a much more comprehensive
study. The results suggest reasons for shortcomings in the present methods
of estimating heating requirements of buildings based upon improper applica-
tion of local weather bureau records to conditions in the immediate environment
of a building. The findings here presented should not be considered final and
conclusive in demonstrating possible errors in the present methods of estimating
heat losses. They should be accepted rather as strong evidence of such errors
to be considered in relation to other evidence resulting from more complete
analysis of the data already collected in the Grant Building and elsewhere and
to future studies, which will probably be made in other types of buildings and

in other localities.
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DISCUSSION ‘
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In buildings in which this type of control is utilized it is of the utmost importance
that the heating elements be properly proportioned to the spaces they are intended
to serve. If they are not properly proportioned, the result is that in order to main-
tain the spaces which are relatively under-radiated at a desirable temperature, it is
necessary to overheat the spaces which are correctly proportioned, and to grossly
overheat spaces which are over-radiated.

It is incumbent upon all of us who are working with systems of this type to
forward such pertinent field data as may be obtained to the Committee and I for
one propose to do so.



