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Chapter I 

INTRODUCTION 

Recent emphasis on conservation of energy has stirred an 

interest in the use of natural wind for ventilation of 

buildings. To maintain a draft of air required for ventila-

tion it is necessary to have a pressure differential between 

some strategic locations (areas) on a building. The windward 

stagnation region could provide a high pressure area. The 

low pressure areas could be located, for ~xarnple, at the top 

of the building. Also, to maintain independence of wind di-

rection, it is necessary to have buildings of circular 

cross-section. To this effect the present investigation 

sterns from a need to study building configurations, of cir-

cular cross-section, that would help create extensive re-

gions of possibly low pressure on the top of a building. A 

configuration that seems particulary promising is that of 

flow between two spherical surfaces, with the low pressure 

area on the lower surf ace connected to a high pressure area 

to maintain a draft of air. 

In the past there have been many experimental investiga-

tions of pressure distributions on building structures, both 

full scale and small scale . Among those that may be relat-

1 
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ed to the present investigation, were the following : Colin 

and D'Have [1] reported the measurements on a flat roofed 

low rise structure (with a low parapet) situated at Brussels 

airport. The authors reported a comparison of full-scale re-

sults with wind tunnel measurements carried out on an exten-

sive ground plate. There was close agreement between the mo-

del tests and the full-scale structure. Dreher & Cermak [2] 

studied the flow over a flat-roof. Their work showed vortex 

formation on flat top buildings. Jensen & Franck [3] mea-

sured the mean pressure distribution over flat roof build-

ings of rectangular cross section and reported low pressure 

at roof corners when the ambient flow was directed towards a 

corner. 

There have been several investigations on circular struc-

tures too. These were restricted mostly to cooling towers. 

H.Ruscheweyh [4] reported wind pressure measurements on the 

tapered reinforced concrete television tower in Hamburg, 

West Germany. His investigation was confined to the cylin-

drical surface only. H.Ruscheweyh [S] also reported fluctu-

ating pressures on hyperbolic cooling towers in natural 

wind. The fluctuating pressure distribution was analysed in 

the meridian and circumferential directions and the correla-

tion probabilities determined. H.J Niemann & H.Propper [6] 
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investigated the properties of fluctuating wind pressure on 

full scale cooling tower. F.J. Maher [7] studied wind loads 

on dome-cylinder and dome-cone shapes immersed in a signifi-

cantly thick boundary layer. The literature survey revealed 

that there has been no investigation on the nature of the 

flow between spherical surf aces, which is one of the co-

nfigurations selected for the present investigation. 

In the present investigation exploratory experiments were 

first carried out using a Y-shaped model of circular cross-

section with height-to-roof-diameter ratio (H/D) of 1.46 and 

dome-radius-of-curvature-to-roof-diameter-ratio (R/D) of 

1.40. This shape was chosen because it would afford a larger 

area of negative pressure than a cylindrical model with the 

same base diameter. The model was tested with the flat top, 

the bottom dome and counter dome. The objective of testing 

three roof configurations was to study the relative pressure 

distributions and to determine which of these would yield a 

large area of low pressure. 

Pressure measurements of a more detailed nature were car-

ried out on a cylindrical model of circular cross section 

and H/D of 1.12. This model consisted of two cylindrical 

parts. The lower cylinder carried a spherical dome over it 

and the upper cylinder carried an inverted dome beneath it. 
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Two sets of domes were used, a deep dome with R/D of 1.40 

and a shallow dome with R/D of 2.71. The two cylinder con-

cept was used with the idea of incorporating a modular 

structure in actual buildings where several of these cylin-

der-dome modules would be used with each module forming an 

independent unit. Since in actual conditions it would be re-

quired to exhaust air (vented through the core of the build-

ing) at the top of the dome, it was necessary to have a cen-

tral opening on the lower dome. So in addition to the 

pressure measurements on a solid dome, some measurements 

were made to observe the effect of a central opening on the 

pressure distribution. This was done both with controlled 

injection of air through . the central opening and with the 

opening vented to the ambient pressure. 

The main experiments were carried out in VPI & SU 6ft. x 

6ft. low speed Stability Wind Tunnel. Pressure measurements 

at Reynolds Number(Re) of 360000 and 720000 were carried out 

on the two models described above. Both models were tested 

with gap-to-roof-diameter-ratio (h/D) of 0. 046 and 0. 092. 

The instrumentation system comprised of multipoint pressure 

scanning system and a data acquisition system. Since in ac-

tual conditions the roofs/domes would be located high up on 

a building (above 200 feet) where the shear in the atmos-
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pheric boundary layer would be relatively small it was de-

cided not to simulate a boundary layer in the experiments. 

Some supplementary experiments were carried out in the 

VP! & SU 3 feet diameter Open Throat Tunnel where pressure 

measurements were made on two Y shaped models one of which 

was tested again in the Stability Tunnel. The second Y mo-

del was of circular cross section and had a flat top and H/D 

of 1.63. 



·chapter II 

EXPERIMENTAL APPARATUS AND INSTRUMENTATION 

2.1 WIND TUNNELS 

Experiments were performed in the VPI & SU Stability Wind 

Tunnel (figure 1) which has a test-section of 6ft x 6ft 

cross section and length of 23 ft. The free-stream turbu-

lence intensity is reported to be less than 0.05% [8]. Prel-

iminary experiments were carried out in the VPI & SU Open 

Throat, 3 ft. diameter closed circuit wind tunnel. Since 

this tunnel has high free stream turbulence it was used for 

pilot studies only. 

2.2 MODELS 

2.2.1 X shaped model I 

The overall dimensions of this model which was tested in 

the Open Throat Tunnel is shown in figure 2 . It was made of 

wood and had copper tubes of O.D 0.064 inches and I.D 0.040 

inches embedded in the grooves cut on the surface of the mo-

del. One end of each tube was sealed and the other end con-

nected to a manometer. The pressure at a desired point was 

obtained by piercing a hole with a fine drill and closing 

the other holes on that tube with a thin tape. 

6 
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2.2.2 
! shaped model ..!1_ 

It should be noted that the Y-model I I is referred as the 

Y-model in the figures and the following text. The overall 

dimensions of the Y-model are shown in figure 3 The model 

was made of particle board and the flat-top was made of 

Plexiglas. The lower dome was made of wood and the upper 

dome of Plexiglas. Both domes had a radius of curvature of 

15.35 inches and R/D of 1.40. All components of the model 

were given a smooth shiny finish. The upper dome was mounted 

on to the lower dome by means of four steel pins of diameter 

0.25 inches. The pins were located at a radius of 4.75 inch-

es. The gap between the domes was adjusted by set screws 

located on the lower dome. The pressure taps were made of 

steel tubes of O.D. of 0.064 inches and I.D. of 0.040 inch-

es. The steel tubes were connected to the pressure transduc-

er by scanivalve tubes of O.D. of 0.063 inches. The scani-

valve tubes were passed through the central shaft of the 

model and, then through the central supporting pipe before 

they were connected to the scanivalve unit. The layout of 

the pressure taps is shown 'in figure 8 The total area 

blockage ratio of the setup was 6.5%. 
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2.2.3 Cylindrical model 

The cylindrical model (figures 4 and 5) was designed pri-

marily for testing in the Stability Tunnel and had some im-

proved features like smaller pressure tap diameter and a 

firm support for the base.The cylindrical part of the model 

was made of PVC pipe having O.D. of 10.75 inches and thick-

ness of 0.19 inches. The height of each cylinder was 12.0 

inches. The domes were made of Plexiglas and were given a 

smooth shiny finish. The shallow dome had a radius of cur-

vature of 29.14 inches and R/D of 2.71. The deep dome had a 

radius of curvature of 14.95 inches and R/D of 1.40. After 

pressure measurements on the deep dome were completed a bore 

of diameter 0.50 inches was made at the center of the lower 

dome and a short PVC pipe (with O.D. of 0.50 inches and 

I. D. of 0. 46 inches) carrying a brass pipe (with I. D. of 

0. 23 inches) was inserted in it such that the end of each 

pipe was flush with the dome surface locally. The brass pipe 

could be removed from the PVC pipe to increase the diameter 

of the opening. The PVC pipe was connected to a bottle of 

compressed air using flexible plastic tubing. The upper 

cylinder was mounted on the lower cylinder by means of 4 

pipes having O.D. of 0.63 inches and I.D. ·of 0.44 inch. The 

gap between the two cylinders was adjusted by sliding the 



9 

upper cylinder on the four pipes and fastened at a desired 

position by set screws located on the upper cylinder. The 

pressure taps were made of stainless steel tubes with I.D. 

of 0. 018 inches. The stainless steel tubes were glued to 

the inside of the dome by epoxy. The tubes were connected 

to the pressure transducer by scanivalve tube of I.D. 0.063 

inches. The pressure lines were passed through the model 
-base, through the central supporting shaft and finally 

through the sides of the shaft (close to its bottom end) be-

fore they were connected to the scanivalve unit. The layout 

of the pressure taps is shown in figure 9 The central 

shaft was made of galvanized iron and had a diameter of 

10.75 inches. It was clamped to the base of the model from 

inside and to the base-board from underneath. The shaft ex-

tended through the bottom of the tunnel and fastened to a 

bracket clamped to a turntable located beneath the tunnel 

floor.This feature which was not used in the Y-model helped 

to reduce much of the vibration observed in that model. The 

total area blockage of the setup was 7.5%. 

All models were mounted on a base-board which was used to 

simulate a ground. The base-board was made of 0. 75 inch 

thick plywood and it spanned the entire width of the tunnel 

except for a clearance of 0.25 inches on either side. It had 
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a length of 8 ft. The top side was sanded to a smooth fin-

ish. The board was mounted to the walls using slotted angle 

brackets at a height of 20 inches from the tunnel floor. 

Al though a lower position would have reduced blockage it 

would not have been possible to provide adequate body room 

for mounting the model and adjusting its orientation. 

2.3 INSTRUMENTATION 

2.3.1 Air injection system 

A schematic diagram of the air injection system is shown 

in figure 7. Compressed air was transferred from a high 

pressure bottle to an empty bottle of internal volume 1. 5 

cu. ft. and stored there at about 50 psi. It was then re-

leased at a constant pressure using a regulator. Regulated 

pressure was maintained at a constant values of 14 and 26 

psi corresponding to mass . flow rates of 0. 000014 ( corres-

ponding to volumetric flow rate of 0. 3 cu. in. /sec. at 80 

degrees F. ) and 0. 000035 lbm/sec re spec ti vely. Such flow 

rates correspond to volumetric flow rates of 64000 and 

160000 cu. ft./min. through a building with diameter of 150 

ft. and height of 250 ft. and represent, approximately, 

hourly air exchanges of 1 and 2.5, respectively. To achieve 

the desired mass flow rate range it was necessary to use an 
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orifice with an orifice diameter to tube diameter ratio of 

0.03. The mass flow rate is related to the rate of pressure 

drop in the bottle by the equation m = (V/RT)(Ap/At) where m 
is the mass flow rate V is the volume of the bottle of com-

pressed air, 

At is the time taken for the pressure in the bottle to drop 

by AP , R is the gas constant for air and T is the temper-

ature of the surroundings. The flow rate was calibrated 

against regulated pressure. The calibration curve is shown 

in figure 11 . 

2.3.2 Pressure measurement system 

A block diagram of the instrumentation for pressure mea-

surements is shown in figure 10 

the system are described below. 

The major components of 

1. Pressure transducer. A Setra Systems transducer (mo-

del 237), with bidirectional range of ±0.25 psid and 

maximum over load of 100 psia in positive direction 

and 1.25 psia in negative direction, was used for the 

experiment. 

2. Strip chart recorder. A Hewlett Packard model 7100 B 

was used in the preliminary experiments conducted in 

the Open Throat Tunnel. 
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3. Data acquisition system (HP model 3052A) and computer 

(HP model 9825A). The data acquisition system con-

sists of the channel selector and the low speed volt-

meter. The voltage signals from the pressure trans-

ducer are communicated to the low speed voltmeter 

which digitalizes the signals at a specific sampling 

frequency. The computer reads the digitalized data 

and averages it over a specified number of samples ( 

25 for the present experiments). It then reduces the 

data as specified in the program and prints a hardco-

py of the reduced data along with other relevant data 

such as tunnel dynamic pressure (Q), static pressure 

and temperature. 



Chapter III 

EXPERIMENTAL PROCEDURE 

3.1 PRESSURE MEASUREMENTS 

The procedure followed for each configuration of the two 

models is described below. 

1. The model was mounted on the base-board and fastened 

loosely to it from underneath using clamps. 

2. The scanivalve tubes were connected to pressure 

transducer ports (48) after checking for bad lines by 

blowing compressed nitrogen through the scani valve 

tubes. The output of each port of the pressure 

transducer was checked for malfunctions. If the vol-

tage output of a port was different from that of oth-

er the ports , it was considered to be malfunction-

ing. 

3. The model was oriented such that the area carrying 

pressure ports was on one side of the line c-c' (see 

figures 8 and 9) and clamped to the base-board. 

4. The tunnel was turned on and Q set at 1.0 inch of 

water. 

13 
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5. Signals from the transducer were sent to the data 

acquisition system and processed by the computer. The 

ports were switched manually till all the 48 ports 

were covered. 

6. The tunnel was shut down. 

7. The computer was given a command to print the reduced 

data for the 48 ports. 

8. The tunnel was turned on and Q set at 4.0 inches of 

water and the steps 5 through 7 repeated. 

9. The model was rotated through 180 degrees. 

10. Steps 4 through 8 were repeated. 

11. The scanivalve was connected to the next set of sca-

nivalve tubes and steps 3 through 10 repeated. 

12. The above sequence was repeated till all the pressure 

taps were covered. 

When injection of air was required, air was released at a 

regulated pressure of 17 or 26 psi to obtain mass flow rates 

of 0.000014 or 0.000035 lbm/sec. The tunnel Q was set to 4 

inches of water and steps 8 through 10 were repeated. 
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3.2 FLOW VISUALIZATION 

The cylindrical model was employed for flow visualization 

tests carried out in the Stability Tunnel. Three configura-

tions were tested 

1. the flat top 

2. dome without counterdome 

3. dome with counterdome; h/D = 0.046 (gap 0.5 inches) 

The procedure used is described below. 

1. The surface was coated with a paint made from motor 

oil (SAE-30) and powdered fluorescent chalk . Green 

coloured chalk was chosen for proper contrast. Kero-

sene was used as thinner. 

2. The tunnel was set at Q of 4.0 inches of water. 

3. After the paint had spread and had acquired a steady 

state pattern the tunnel was turned off and the pat-

tern recorded on photographic film using a 35mm SLR 

camera and flash lighting. 

4. The tunnel was shut down. 



Chapter IV 

DATA REDUCTION AND ERROR ANALYSIS 

4.1 PRESSURE DATA 

As mentioned before pressure data was reduced by the com-

puter. The major steps for computing mean pressure at a 

single port were: a) accumulate data for 25 sample read-

ings, b) compute average of 25 sample readings, c) compute 

Cp by the equation : 

Cp = (p-pm )/Q 

where p is the local static pressure, Pm is the free stream 

pressure and Q is the tunnel dynamic pressure. 

The Setra Systems Model 23 7 scani valve transducer used 

for pressure measurements had a bidirectional differential 

range of O. 25 psid. The nonlinearity was ±0. 25% of full 

range output. The transducer was overloaded by 20% in the 

negative direction during some of the tests, increasing the 

nonlinearity to a value no greater than 1% of full. range 

output (in the overranged region). It is estimated that the 

16 
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maximum error in the positive direction is ±0.5% of reading 

and the maximum error in the negative direction is ±2.6% of 

readings. 



Chapter V 

RESULTS AND DISCUSSION 

Preliminary experiments were conducted in the Open Throat 

Tunnel primarily to obtain data which would serve as a base 

for the main experiments in the Stabilty Tunnel. The main 

experiments were conducted in the Stability Tunnel and con-

sisted of pressure measurements on the Y-model and the cyl-

indrical model. Also , flow visualization experiments em-

ploying the cylindrical model were carried out to show 

regions of separation and recirculation which could be cor-

related to the data obtained. 

5.1 PRESSURE MEASUREMENTS 

5.1.1 Curved surface of Y-model I 

Figures 12 and 13 show the pressure distribution on Y-mo-

del I obtained in the Open Throat 3 ft. diameter wind tun-

nel. This model was tested primarily to obtain pressure dis-

tributions on the cylindrical and conical side surfaces. It 

is observed that the lowest value of Cp is exhibited at 9 = 
80 degrees and in the neighborhood of H/D = 0.9 . For high 

values of H/D (close to the model top) Cp tends to increase 

with H/D showing the effect of air moving from the top to 

18 
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the sides. As 9 approaches 180 degrees it can be observed 

that Cp tends towards low negative values. At Re = 500000 

and 9 = 180 degrees, Cp = -0.33 for all H/D. For Re = 

640000, Cp = -0. 35 along 9 = 180 degrees, showing a small 

change in the base pressure. 

5 .1. 2 Flat top of Y-model l.!_ 

In the figures and the following text the Y-model I I 

shall be referred as the Y-model. The first series of ex-

periments were run with the flat top of the Y-model. The 

results are shown in figures 15 to. 32 and the coordinate 

system of the pressure tap layout is shown in figure 6 

Figure 16 shows that for Re = 360000 Cp values along Y = o 

are about -0.85 for points behind the leading edge (shown by 

a short broken line on the horizontal axis) and are seen to 

dip to a value of about -0.90 near Y=O and then rise steadi-

ly to a constant value of zero. It is observed that the pro-

files are similar for all offset locations (Y). Figure 32 

shows that the pressure distribution is symmetric with res-

pect to Y = 0. For Re = 720000, the profiles are similar ex-

cept that the Cp values are somewhat higher. Also, the Cp 

profiles were similar to that obtained by Colin and D'Have 

[ 1] who reported measurements on a flat roofed low-rise 
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structure. Results of flow visualization experiments em-

ploying the cylindrical model indicate (see figure 128a) 

that there is ,a large recirculation region. The existence of 

this recirculation region in conjunction with an observed Cp 

of 0. 8 at 9 = 0 degrees and immediately below the edge of 

the dome suggest that there are two recirculation regions A 

circulations in opposite senses as shown in and B (with 

figure 128c) located between the leading edge and the rear 

recirculation zone C. 

5 .1. 3 Spherical dome of Y-model 

As was mentioned earlier preliminary experiments were 

conducted in the Open Throat Tunnel. Figure 14 shows a com-

parison of the results obtained in the two tunnels, for the 

case of the spherical top of the Y model with h/D of 0.046 

(gap= 0.5 inches). It can be observed that the results com-

pare favorably. The difference may be due to a significantly 

different turbulence level in the two cases (2% in the Open 

Throat versus 0.05% in the Stability Tunnel) and due to poor 

quality of flow in the Open Throat Tunnel. Pressure distri-

butions along longitudinal directions are shown in figures 

33 to 50. For Re = 360000 and Y = 0, Cp is about -1.30 be-

hind the leading edge. It then rises steeply to -0.30 and 
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then slowly dips down to about -0.65 at X = 0. It then rises 

weakly to about -0.55. It is observed that the profiles are 

similar for all offset locations (Y). Figure 50 shows that 

distribution is symmetric with respect to Y = 0. The results 

also show that Cp is lower for Re 360000 than for Re = 
.720000, the difference being more pronounced in the rear 

half of the dome. These results compare favorably with those 

of Maher [ 7] who tested a dome-cylinder configuration im-

mersed in a significantly thick boundary-layer. He reports 

that with R/D of 1. 91 and Re of 1. 84 x 1000000 (based on 

diameter) Cp is -1. 30 immediately behind the leading edge 

and rises to -0.35 and dips down to -0.65. The flow visual-

ization results shown in figure 129 indicate that there is a 

small separation zone immediately behind the leading edge 

and that there is no separation after reattachment. 

5 .1. 4 Dome-counterdome configuration of Y-model 

Pressure distributions in the longitudinal direction are 

shown in figures 51 to 85. From figure 51 it can be seen 

that for Y = 0, Re 360000 and h/D of 0.046 (gap = 0.5 inch-

es), Cp fall~ from low positive value of 0.30 to -2.30 at X 

= 0 and then rises to low negative value of -0. 60 and re-

mains steady at around that value. The results also show 
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that the pressure distribution is symmetric about Y = 0 

(figure 85) . 

5 .1. 5 Comparison of Y-model results 

Figures 86 and 87 show comparisons of pressure distribu-

tions (along Y = 0) for the three configurations of the Y-

model. It is immediately clear that the dome-counterdome 

configuration helps to create a large area of low pressure 

and that it is more pronounced in the case of Re = 360000 

than for Re = 720000. Also, when the gap between the domes 

is reduced the pressure in the central part of the dome is 

lowered. 

5.2 CYLINDRICAL MODEL 

5.2.1 General discussion 

Since the cylindrical model had more pressure taps close 

to the dome edge it yielded results which could not be ob-

tained with the Y-rnodel. Figures 88 to 127 show the Cp dis-

tribution along X for various offset locations (Y). See fig-

ure 6 for coordinate system. It can be observed from figure 

88 that for Y = 0, Re = 360000, R/D = 1.4 (deep dome) and 

h/D = 0.046 (gap= 0.5 inches), Cp is -0.60 immediately be-

hind the leading edge. This was not observed for the Y-model 
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because it did not have pressure taps close to the dome 

edge. Negative pressure behind the leading edge can be at-

tributed to the separation of flow caused by the sharp lead-

ing edge. Leading edge separation is followed by a bubble 

which is indicated by a thin crescent immediately behind the 

leading edge. See figure 130. 

From negative values behind the leading edge Cp rises 

steeply to positive values around 0.3 and then quickly de-

creases to -2.4 around X = 0. For points in the rear half of 

the dome, Cp rises steeply and levels off quickly. Figures 

92,93,97,98,106,107,lll and 112 show the effect of the co-

lumns between the domes. In figure 97 one can see that the 

Cp behind a frontal column is -2.5 which is comparable to 

that achieved at the center point. This disruption in pres-

sure distribution was not apparent in the Y-model results 

probably because the diameter of the column (or pin) was 

smaller. It is seen that for Re = 360000, R/D = 1.40 (deep 

dome) and h/d = 0.046 (gap= 0.5 inches) minimum Cp increas-

es from -2.40 at Y = 0 to about -1.10 at Y = 4.5 inches. 
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5.2.2 Effect of ~ 

Figures 100 and 101 shows the effect of gap on the pres-

sure distribution. When the gap between the deep domes (R/D 

= 1.40) at Re =360000 is halved from h/D = 0.092 to 0.046, 

minimum Cp drops from -1.60 to -2.40; a drop of almost 40%. 

For the same dome and Re= 720000 the Cp drops from -1.66 to 

-1.88, a drop of only 13%. 

5.2.3 Effect of dome curvature 

Figures 125 to 126 show the effect of dome curvature on 

the pressure distribution. Figure 125 shows that for Re = 

360000, h/D = 0.046 (gap = 0.5 inches) and Y = 0 , minimum 

Cp for the deep dome (R/D = 1.40) is -2.40 while that for 

the shallow dome (R/D = 2.71) is -1.75, a difference of al-

most 37% of the shallow dome value. Figure 126 shows that 

this difference is almost absent when Re = 720000. It is 

also observed that in the region between the leading edge 

and the center of the dome, pressure is lower for the shal-

low dome case. The deep dome case exhibits a stronger ad-

verse pressure gradient in the rear half of dome. 
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5.2.4 Effect of air injection 

Figures 131 through 132c show the effect of having a central 

opening vented to the ambient atmosphere. In this arrange-

ment the central opening was connected to a large plastic 

tube ( I.D. of 0.63 inches) open to ambient pressure. This 

allowed for free air flow controlled by (a) suction created 

by the dome configuration and (b) pressure drop across the 

opening and tube arrangement. It is evident from figures 

131 and 132 that for a free air flow case the pressure is 

less negative (compared to the case without an opening) over 

a portion of the dome in front of the opening. The effect 

is increased when the diameter of the opening is doubled 

from 0.23 to 0.46 inches. The lowering of negative pressure 

can attributed to a very high flow rate of air blowing into 

the mainstream. Figures 133 to 134 show the effect of cont-

rolled injection of air through the the opening. Figure 133 

shows that when the opening diameter is 0.23 inches injec-

tion does not cause any significant deviation from the solid 

dome case. Slight lowering, no greater than 4%, is observed 

in the neighborhood of X = 0. Figures 134 to 145 show a si-

milar trend implying that an insignificant pressure change 

is felt over the entire dome. Figures 134 and 135 show that 

an increase in the diameter of the opening has no signifi-
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cant effect on the pressure distribution, when the injection 

rate is held constant. 

In general it can be concluded that at injection rates of 

0. 000014 lbm/sec and higher (at least 2. 5 times higher) 

pressure distribution remains essentially unaltered compared 

to the solid dome case. At very high injection rates (with 

central opening vented to the ambient atmosphere) the nega-

tive pressure may be lower as shown in figures 131 and 132; 

however, the corresponding flow rates exceed by more than an 

order of magnitude the values established on the basis of 

realistic estimates of ventilation requirements and there-

fore the corresponding pressure change may not be of immedi-

ate concern. 

5.2.5 Circumferential pressure distribution 

Figure 124 shows the circumferential pressure distribu-

tion close to the edge of the dome. Measurements were made 

on a circular line 0.2 inches below the dome edge. Figure 

124 includes experimental results [9] obtained for a two di-

mensional cylinder. at a comparable Reynolds number (Re = 

670000). Significant deviations from the two-dimensional 

cylinder results are observed. A general observation is that 

the profiles obtained from the present investigation show 
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that Cp values around 9 = 90 degrees are higher than those 

observed in a two-dimensional case. This can be attributed 

to a three dimensional character of the flow over the model. 

In particular, Cp is less than 1 at 9 = 0 degrees indicating 

a velocity component parallel to axis of the cylinder. Also 

Cp tends to dip to lower values around 9 = 45 and 135 de-

grees showing the effect of the columns on the pressure dis-

tribution. 

5.2.6 Flow visualization 

Surface flow visualization of the cylindrical model were 

carried out in the Stability Tunnel to show separation, re-

circulation and reattachment of flow over a) the flat top b) 

the spherical dome and c) the dome and counter-dome configu-

rations. 

1. Flat Top case 

Figure 128a shows a photographic record of the flow 

and figure 128b shows an approximate sketch based on 

visual inspection during the run and immediately aft-

er the flow was stopped. As was mentioned in section 

5.1.2 it seems probable that there are two recircula-

tion zones A and B (see figure 128c) located between 

the leading edge and the rear recirculation zone C. 
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Observation showed a faint arc (indicated by a broken 

line in figure 128b) ahead of the thick crescent sug-

gesting the prescence of the bubble B. An unsucessful 

attempt was made to identify bubble B by using a 

probe (of diameter 0.1 inches) carrying a short 

strand of wool at its end. It is felt that finer 

techniques are required to show the small scale de-

tails of the corresponding flow field. However, the 

probe showed that in the region between the leading 

edge and the rear recirculation zone the flow was al-

most stagnant. The probe also confirmed the exis-

tence of the rear recirculation zone and the zone of 

reattached flow in the rear. Observation of the 

streaks immediately after the flow was stopped showed 

cusp like formations (see figure 128b) indicating the 

line of reattachment. There was some indication that 

the length of a section having cusps oriented in one 

direction was shorter than the other section having 

cusps oriented in the opposite sense. It is possible 

that this may have been due to asymetry in the flow. 

2. Spherical dome 

Photographic records have not been included for this 

configuration since the details could not be recorded 
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clearly. However, figure 129 shows an approximate 

sketch based on visual inspection immediately after 

the flow was stopped. The crescent immediately after 

the leading edge represents a separated region . Se-

paration is followed by reattachment indicated by 

streaks in figure 129. The line of reattachment was 

not clearly visible. 

3. Dome counter-dome. 
' Figure 130 shows an approximate sketch based on visu-

al inspection immediately after the flow was stopped. 

The crescent immediately behind the leading edge 

represents a separated zone. Separation is followed 

by reattachment indicated by cusp like streaks. The 

fore leg of a cusp represents the outer steamline of 

the vortex and the rear leg represents a streamline 

after reattachment. The orientation of the cusps in-

dicates that the fluid in the vortex moves outwards. 

It is observed that the wakes behind the frontal co-

lumns form closed bubbles. The lines which separate 

the main flow from the secondary flow (10] near the 

rear columns are shown by thick U-shaped lines that 

partly enclose the columns. 



Chapter VI 

CONCLUSIONS AND SUGGESTIONS 

The goal of this investigation was to find a configura-

tion which would help create an extended region of low pres-

sure at the top of a building. To this effect the presure 

distribution on three configurations, a flat top, a dome and 

a dome with a counterdome were studied. Comparison of the 

results show that Cp of -2.5 can be achieved with the dome 

counter-dome configuration at Reynolds number of 360000. 

This Cp value is about 50% higher than the maximum value ob-

served with the flat-top or spherical dome configuration. 

In addition it was observed that the region of low pressure 

for the dome counter-dome configuration was significantly 

larger than that of the other configurations. Another im-

portant observation was that for injection rates.correspond-

ing to typical design flow rates required for ventilation 

purposes of a full scale tall building, the pressure distri-

bution remains essentally unaltered compared to the case 

without an opening. It appears then that the concept of 

dome counter-dome configuration may be a valid approach to-

ward utilizing wind generated pressure differentials for na-

tural venti la ti on purposes. Since for high velocity loca-

30 
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tions the actual Reynolds numbers atmospheric conditions may 

be as high as 10,000000, it is suggested that the investi-

gation be extended to high Reynolds numbers. As a next step, 

models reproducing actual buildings, i.e., including air in-

lets and outlets and/or interconnecting ducting system, 

should be studied. 
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Fig . 128a Surface flow visualization photograph of flow over 
flat top of cylindrical model. Re= 720000. 
Flow is from right to le t . 
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Fig. 128b Schematic diagram, of flow over flat cap 
of circular cylinder, showing lines of reattachment; 
Re = 720000. 
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Fig. 128c Schematic diagram of flow over flat cap of 
circular cylinder. 
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Fig. 129 Schematic diagram of flow over spherical cap 
of circular cylinder showing approximate 
region of leading edge separation bubble 
and streamlines after reattachment; 
Re = 720000 
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Fig. 130 Schematic diagram of flow over deep and shallow 
domes with gap = 0.5 inches; Re = 720000. 
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ABSTRACT 

AERODYNAMIC INVESTIGATION OF CYLINDRICAL AND Y-SHAPED 

BUILDING STRUCTURES 

by 

Debasish Ghosh 

An aerodynamic investigation of cylindrical and Y-shaped 

building structures was carried out . Specific emphasis was 

directed towards determining the pressure distribution over 

three configurations a flat top, a single dome and a dome 

with a counter-dome. The Y-model was tested in all three 

configurations while the cylindrical model was tested in 

dome/counter-dome configurati~n only. Both models were 

tested at Reynolds number(Re) of 360000 and 720000. Sur-

face flow visualization was carried out to reveal regions of 

separation, recirculation and reattachment. 

It was found that a large region of negative pressure can 

be achieved with the dome counter-dome configuration. The 

maximum negative Cp for this configuration was about 50% 

higher than the maximum value observed with the flat top or 

single dome configuration. When the gap between the dome was 

decreased the maximum negative Cp increased; the increment 

being greater at the lower Re. Also, for the same Re and 

gap, the dome with higher curvature showed higher maximum 

negative Cp; the difference being more pronounced at the 



lower Re. The effect on the pressure distribution of an 

opening in the center of the lower dome and of an air flow 

through that opening was also investigated. It was observed 

that for injection rates corresponing to typical design flow 

rates required for ventilation of tall full scale buildings, 

the pressure distribution remains essentially unaltered. 
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