FIGURE .22

Plan and profile views
of streaT’*res about a
cah-0v2 -2 aipatrocto -
trailer cc mbination.

FIGURE .23
Plan view of the flow

pattern on a yawed
truck.

FIGURE 6.24

Wind velocity diagram
for analysis of flow
about a truck.

FIGURE 5.25
A fairing and gap seal
attached to a tractor-
trailer truck.
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Ground Effect. In wind-tunnel investigations and
in Tull-scile calculations there does not seem o be
any established rule to account for variation and
distribution of speed with altitude, as far as wind
loads on buildings and structurces arc concerned. On
the floor of the tunnel or on a ground board, a
boundary layer is usually present that is lower than
the obstacle investigated. Drag cocllicients are then
referred to the undisturbed dynamic pressurc above
the layer. Pressures are given in form of the non-
dimensional coefhicient
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Figure 2. Pressure and drag coefficients of blufl_shapes,

tested between tunnel walls (3,2) @
a) half bodies mounted over floor of tunnel,
L) in free flow (complete double models) ,
¢) demonstrating influence of “spliver” plate.

Figure 2 shows that the b'layer has a considerable
influence upon pressurce distribution and drag of
simple bIufl obstacles. The experiment in part (c)

of the illustration demonstrates the influence of the
ground on the vortex street developing behind two-
dimensional obstacles (see in the “'pressurce drag”
chapter) . With the Lboard (“splitier’ plate) ahead
of the two-dimensional plate. face- and rearside
pressures are somewhat reduced as against condi-
Gions in free flow. With the board behind the plate,
the vortex street is evidently suppressed; the value
of the rem-side pressurc is considerably reduced
from Cp = —1.14 10 ~0.87, and the drag cocflicient
is only = hall of thatin free flow. In a threedimen-
sional plate (figwre 8), the drag coeflicient is not
affected. however, by the presence of the ground.
On the other hand, because of interference with its
flow pattern, the drag coeflicient of the streamline
body in figure 3.b (with b'layer-sensitive flow scpa-
ration from the rear) , is = doubled. Since buildings
are usually of bluflf and three-dimensional shape, the
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Figure 8. Diug cocflicients of two three-dimensional bodies

(seen in dircction of Bow) ,aounted over a ground surface

(3.b) , rested at Ry = 2 1. where b = 90 mm. The values

in brackets indicate drag coclficients in free flow (on double
models) .

type of their flow pattern does not appcar to be
allected by the aumospheric boundary layer. The
magnitude of their drag cocflicients corresponds 1o
the mechanism of protuberances as explained in the
chapters on “irregularities” and “interference’; in
other words, their drag approxinmlcly corrcsponds
10 the average dynimic pressurc within their height.

9. VARIOUS BUILDINGS

Houses. Figure 4 presents the p]'CSSU]‘C distribution
of a house. There is positive pressurc on flat sur-
faces facing the wind. 1n the separated space behind
the house, the pressure is uniform and negative,
between G, = —0.2 and —0.8 (depending on build-
ing shape and wind direction) . In sharp-cornered
buildings, the flow may also be separated from the
latcral walls. References (4,b and c) show that the
flow can also be separated from the windward side
of roofs as illustrated in figure 4 - particularly with
slopes smaller than 45° and in taller buildings (with
h/1 excceding unity. Figure 5, on. the other hand.
is an example where the flow reattaches to the wind-
ward side of the rool. This illustration also demon-
strates that the distribution is little or not at all
aflected by the particular shape of the rear side.
Wind directions different from the one in the two
Alustrations are investigated in “4). Reference (4,€)
also gives information on the mutual interaction
between scveral houses placed onc behind the other

in a row.
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Figure 4. Flow pattern and  pressurc distribution (on
center ling) of a simple housé shape (4,b).

ITEIsxss

-




3-14
as the sphere. In this respect 1s tentatively:
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where k = 1 represents a suitable integration con-
stant. This cffect is demonstrated in figure 24 at 1
the critical Reynolds number of the sphere as tested
is shified from Rgevit = 9.9 10° (without vota-
tion) to 2 107 as shown in the graph at u/V = 1.8;
hence k = 0.6. The sphere also exhibits the centri-
fugal cffcct at “¢". Note that the low spherc value
Cp. = 0.38 in subcritical condition (instead of =
0.47) is caused by type and size of the support in

these tests by means of a rotating shaft.

The Himan Body is sinidar in acrodynamic shape
10 a cylinder with a length ratio h/'d” berween 4
and 7. Since human beings vary very much in size
anc proportions, sclection of-a reference arca is diffi-
cult. Figure 25, therefore, presents the drag of an

average man in the forin of drag avea D/a. The

drag is prcdo:ninnmly a function of the projected
frontal arca in the various p()sili(ms tested. Based
or estimated areas, drag cocflicients can be deter-
mined for the standing positions betwezn Gpe &
1.0 and 1.3. Without cletizing, the drag is between
5 oand 109 less ;.hnn‘li.‘.l,cd.‘

How Fast a Man Falls. Aler bailing out of an air-
plane, and before releasing the parachule, the body
of a man acceleraics o 2 terminal velocity the mag:
nitude of which can be derived from W = D' =
q (D/q) . Near sea level (where @ = 0.0024 1b sec®/
[L"”)«, the falling speed of a man with W = 180 1b,
is accordingly Vet jec™= 400 Vv (D/q) . Emplving the
drag arcas as listed in figure 25 (between 1.2 and 9.0
f12), speeds between 130 and 870 ft/scc are thus
obtained. Terminal veloacities ave reported (32,0)
between 150 and 180 Ju/sec "nezs sea level”; with-
out specification as ta pnki(imfnnd attitude dur-
ing free fall. Another source (82.€) gives a drag
arca of 5 ft% for a “rolling and somersaulting” man.
"To.give a certain scale to all these rmmbers, it is
mentioned that the drag arca ol a typical fighter
airplane is in the order of 6 e
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The Drag of Ski-Runners has been tested in wind
tunnels. In upright position (going down 2 slope)
a dmag area D/g = 55 i is found (32,2) in a
smooth wooden model. A similar value (=6.5 ft?)
can be derived from (32,b) on the basis of an esti-
mated frontal area in the order of 7 [®. Both sources
also give resu’  on drag and lift of a ski-jumping
man. In the typical “flying” position, with the body
leaning forward against and onto the air, the lift
area (including the contribution of the skis) is in
the order of L/g = 2.5 1t "the maxiinum lift/drag
ratio is in the order of “1%.

6. DRAG OF VARIOUS ‘TYPES OF PLATES

All that is said in the preceding section about the
critical effect of the boundary layer upon the drag
ol spheres, applics in principle to all sufficiently
rounded bodics, such as the strut scctions for n-
stance in Chapter VI, On the other hand, bodics
with sharp cdges, such as disks and plates in a flow
normal to their surfaces, do not show any critical

drag decrease. The pressurc gradicnt around the

sharp edges would necessarily be extremely high for
a flow pattern attached to the rear of a plate — that
is, theoreticaily from Ap/q = —o° at the edge to
+ 1 at the rear stagnation point. No boundary jayer,
whether Iaminar or wurbulent, cau follow the way
around the cdges of such plates.

Smai! 2’ Numbers. Figure 206 shows the & 1g coefli-
cient | disks and square plaiwes in normal flow, as
a function of Reynolds number. Below Ry = 190,
there is the regime of prcdominantly viscous ficw
as discussed in the beginning of this chapter. Ap-
proximately at Rg = 300, the drag coeflicient of the
disk shpws a peak, as reported from two independ-
ent sources. Observation of the flow pattern (35)

oves. this peak to be duc to a change in the pattern
of the vortex system behind the body.

Turbulence Effect. Above Rg = 1000, the drag co-
cfficient of disks (and other plates) is practically
constant. up to the highest Reynolds numbers cver
tested  (approaching 107). Because of this stability,

Figure 25, Drag arcas (D/q in ft?') of an average ynan
“in variots pﬂsilions, tested in o wind wunnel (31) at spccds
between 100 and 200 ft/scc. Spcciﬁc:nions: W = 165 lb;
b 5ot V=26 [0 St =20 1%
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