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Myinvention relates to ventilators, particularly 
to exhaust ventilators of the sort illustrated and 
described in Letters Patent No. 1,639,187, granted 
to me. August 16, 1927, and consists in certain 
refinements, and elaborations instructure, by vir 
tue of which, in accordance with the objects of. 

imum efficiency is obtained the invention, 
at low Wind velocities. . . . . . 
Aventilator constituting an exemplary embodi, 

ment of the invention is illustrated in the accom 
panying drawing, in which:. . . . . . . 

Fig. I.is a view of the ventilator, partly in side 
elevation and partly invertical sections, 

Fig. II is a view in front elevation of a certain. 
flange that is arranged peripherally of the mouth 
or discharge opening of the ventilator; . . . ..., 

Fig. III is a chart that indicates comparative 
efficiencies at low, wind velocities. . . . . . . 
In general, the construction of my improved 

ventilator, compares with the ventilator of my 
above-noted patent, to which reference may be 
made for such features of structure as do not immediately concern my present invention. . 
Briefly, the ventilator includes a tubular base 3 
that in Service is rigidly assembled over, or upon, 
the upper end of the duct or passage (not shown) 
that opens through the roof or deck of the build 
ing, or ship, or other enclosure, to be ventilated. 
Upon such base a curved cowl 4 is mounted for 
rotation on a vertical axis. In this case, the mounting consists in a spindle 6, rigid with the 
cowl, and a bearing block that, borne by the 
base 3, vertically sustains the pointed end of 
said spindle. Lateral support for the spindle is 
provided by means of an anti-friction bearing 2, 
which bearing 2 is rigidly secured to the base 3. 
by means of a spider 20. As thus mounted, the 
cowl is adapted freely to rotate under the influ 
ence of the air currents or wind in the outer at 
mosphere in which the ventilator is in service 
Situated, a Vane 9 being instrumental in mani 
fest and known way to maintain the cowl turned With its discharge opening or mouth positioned 
down-Wind. With the cowl maintained in such 
position, the air currents stream, over the back. 
and around the body of the cowl, and create an aspirating effect at the mouth of the cowl. such, aspirating effect, augmented by the buoyancy or . 
Stack effect. of the air in the duct upon which 
the ventilator is mounted, produces the desired. 
OutWard flow of air from the enclosure being ven 
tilated. . . . . . . . . . . . . . An outwardly-flaring flange. 
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the discharge mouth 7, increases this aspirating iss 

effect. As described in my, said prior patent, an 
ejector tube 5 operates further to increase the 
air-exhausting capacity of the ventilator. The 
ejector tube is of frusto-conical form; and it pro-, 
jects through, and is rigid with, the posterior wall 
of the cowl, it is inclined to the vertical axis of . 
the cowl, with its Smaller end directed upward 
within the cowl and towards the mouth T. 

It Will be perceived that the hollow base 3 of 
the structure is of Substantially frusto-conical 
forn, Whereby the Vena contracta effective upon 
air flowing upward into the cowl is, minimized; 
and the foW is maintained as nearly streamline 
as maybe. . . . . . . . . s. : , ; ; ; ; ; ; ; 
Such is the characters of the ventilator for. 

Which the improvements of my present inven 
tion have been particularly, designed. . . ; ; ; ; ; 

Before: proceeding With a description of such 
improvements; it may be:Well to consider certain. 
Scientific data pertaining to natural (as distini 
guished from forced or mechanical) ventilation. 
Natural ventilation-depends upon two factors-- 
stack effect, and kinetic energy of wind. Stack 
effect is the buoyancy force that tends to move. 
a column of air upward in a stack, the air in the . . 
Stack being at higher temperature than the sur 
rounding atmosphere. Stack effect is substan 
tially independent of the action of wind in the 
Outer atmosphere, and does not exist when the 
temperatures inside and outside of the stack are 
equal. An explanation of the effects of the kine 
tic energy of Wind prevailing in the outer atmos 
phere is not so simple. Wind action follows dif 
ferent laWS at different-velocities. . . . . . . . . 

In the flow of fiulids in pipes, ducts, etc., it 
has been found that there are two critical veloci 
ties. Below the lowers critical velocity the fluid 
moves in parallel lines and pressure-drop is due 
to viscosity only. Above-the upper-critical veloc- ' , 
ity the fluid moves in a turbulent manner, and 
pressure-drop grows as the square of the velocity. 
Between the upper and lower, Critical velocities: 
the motion of the fluid is unstable ‘and fluctuates 
between one or the other states of motion. These 
Sane Circumstances apply to the movement of air 
in a ventilator. . . . . . . . . . . . . 
The suction or aspirating effect of the ventila 

tor depends upon the impact preSSure of the Wind 
upon the ventilator cowl and upon the Viscous. 
drag of the air, and it would appear that the 
force tending to discharge-air from the ventila 
tor is equal to the sum of stack effect and suc 
tion. And on such assumption it is possible to 
drye apseudo-rational formula for the amount. 
of air discharged through a ventilator Ounted 
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on a roof. Other factors which would have to 
be assumed are, that the air inlet openings are 
all on the Windward Side of the building and that 
these openings are very large in comparison with 
the throat area of the ventilator. 
The force produced by the buoyancy of a col 

lumn of air H feet high, having an average ten 
perature ti When the air temperature outside is 
to, is 
P=H feet)x 

(density of air in lbs. per cubic foot at to) X 

i; - to 
t-- 460 

If P1 is expressed in inches of Water and to is 
taken at 70 F., then 

degrees F. 

H(ti-to) P-36,250 
where 36,250 is the ratio of the weight of 144 
cubic inches of water to the weight of 1 cubic 
foot of air, multiplied by 530, which is equal to 
to plus 460. 
The force produced by the impact of the Wind 

on the building and transmitted through the 
inlet opening to the interior is 

(wind velocity)2X density 
P=most is, asses. g 

where g is the acceleration due to gravity or 32.2 
feet per second per second; the wind velocity is 
expressed in feet per second; the density of the 
air is expressed in pounds per cubic foot, and the 
force P2 in pounds per square foot of the area, on ; 
which the Wind is effective. In Order that P2 
may be expressed in inches of water and the ve 
locity of the wind expressed in the equation in 
miles per hour, the velocity of wind in miles per 
hour is multiplied by 

5280 (= feet in mile) 
3600 (= seconds in hour) 

and the density of air (.0756 pound per cubic 
foot) is multiplied by 

12 (=inches in foot) 
62.4 (= wt. of water per cu. ft.) 

or 1/5.2. Thus, the equation becomes: 
SR2 

V in miles per hour XEx .0756 
P= 5.2X2X 32.2 2060 

The force produced by the Suction of the ven 
tilator is 

P , kXVX density 
- - - 2g 

where k1 is a constant depending on the type of 
Ventilator, ranging from 0.0 in the poorest types 
to 0.5 for the best types. The exponent in de 
pends on both the wind Velocity and the type of 
wentilator, ranging between the limits of 1.0 for 
very low Velocities to 2.0 for high velocities and 
efficient ventilators. Taking k1 as 0.5 and n as 
2.0, the equation 

P kiXVX density 
-- a - 

thus becomes 
density 

2g 

From the Calculations above it will be seen that 
When the Velocity of the wind is expressed in 

r 

0. 

2,368,143 
miles per hour, and P2 in inches of water, W. 
in the equation is multiplied by /2060. Thus, 

1 V2 
P'-.5XVX200-420 

hence the total dynamic force would be 

In accordance With well-known formulae the 
velocity of air in feet per second equals V2gh, 
where h is the head of air, or the differential 
pressure between the upper and lower ends of 
the air column divided by the density of the air; 
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60 
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explained as follows: 

that is 
2gx differential pressure in pounds per sq. ft. 

V-1 4 . . . density of air in pounds per cu. ft. 
The velocity of the air under the three pressures 
P1, P2 and P2’ may thus be expressed: 

- 2g(P-- P -- P')5.2 
V (in ft. per see)-val, in pounds per cu. ft. 

A vena contracta is formed when the air en 
ters the base of the ventilator, hence the quan 
tity of air discharged is less than the product of 
velocity and area. There is, furthermore, some 
additional outlet resistance in the ventilator. 
The Overall coefficient of discharge depends. On 
the location of the ventilator, whether located 
on a flat roof or a ridge; also. On the form of 
the ventilator base, whether flaring or cylindri 
cal, and on the freedom of exit of air. A high 
value for this coefficient is 0.69, which is ob 
tainable only in a ventilator With a practically 
unrestricted outlet. In this case the discharge 
Qin cubic feet of airper hour would be 

where A=the area of the ventilator throat in 
Square inches: or 

Q=6AVH (ti-to) --26.5V2 
Through careful tests, however, it has been 

found that these assumptions are incorrect, and 
that the formula must be empirically modified. 
The fact is that the two forces of Suction and a 
Stack effect do not add directly, for reasons 
With which this invention is not immediately 
concerned. Indeed, it appears that in combin 
ing these tWO forces there is introduced a re 
sistance (a negative force) that makes the re 
Sultant force leSS than the Sum of the two, and 
oddly enough at very low wind velocities there 
is actually a slight reduction in the discharge, 
below the point of discharge produced by tem 
perature difference alone. This action, being 
the result of natural forces, has a tendency to 
take place in all Ventilators. The less efficient 
the ventilator the greater is this reduction, and 
the greater is the Wind velocity required to over 
COme it. The physical leason for this may be 

At low Wind Velocities 
there is a partial blanking-off of flow, due to the 
convergent Streaming of Wind currents around 
the outlet opening of the ventilator. This holds 
true for ventilators of both the rotary and 
stationary types. This blanking-off has its 
greatest effect in very low wind velocities. In 
the velocity range between One and four miles 
per hour, depending on the ventilator type, the 
critical velocity, known as the Osborne Reynolds 
velocity, is reached. This is the velocity at 



2,868; 43. 
which the fluid flow of air changes from the 
sinuous or stream-line form to the turbulent ori 
eddying form of motion. If the wind velocity 
increases beyond this point areas of discontinuity 
are then formed in the wind stream around the 
ventilator, and the suction effect is much in 
creased. While the blanking-off effect is much 
reduced, or may even disappear altogether. 
Whereas the flange 8 and the ejector tube 5 

of my patented Structure have done much to 
nullify this blanking-Off effect at low Wind 
velocities, the particular improvements of my 
present invention carry the nullification to the 
optimum. Specifically, I form on the upper 
limb of the eccentric, outwardly flaring flange 8 
a lobe or flange extension 8a. Such lobe pro 
vides immediately above the top of the cowl, in 
position directly over the discharge mouth 7, a 
localized accentuation of the effect of the flange 
in the currents of air that stream externally 
from the back to the front of the cowl. Addi 
tionally, I flare outwardly the Outer and larger 
end of the ejector tube 5, the effect being ob 
tained by means of an outwardly flaring periph 
eral flange 5d. By virtue of these refinements 
practical perfection is realized. 
The chart in Fig. III affords a ready appre 

ciation of the situation. The abscissa, repre 
Sents velocity in miles per hour, and the Ordi 
nate the volume of air discharged per unit of 
time. The curve Z was plotted with data ob 
tained in tests, under typical conditions in the 
field, on a conventional Stationary ventilator, 
and the curve Y With the data obtained from a 
conventional rotary ventilator. It Will be noted 
that both of these curves show a marked drop 
in discharge With Wind Velocities of between 0 
and from 3 to 5 miles per hour, thus indicating 
that in the usual types of ventilators the nega 
tive effect produced by the external wind actu 
ally causes a drop in discharge below that which 
would be obtained With no Wind at all. The X 
curve shows the results with the improved 
ventilator of my present invention. Signifi 
cantly, there is no Sag in the curve, and for all 
Wind velocities of from 1 mile per hour upward 
a much greater discharge is obtained. At Veloc 
ities above 12 miles per hour there may be venti 
lators in the art that will yield greater discharge 
than mine, but whether or not this is the case is 
of no controlling importance, because there 
never has been any problem in designing venti 
lators that are adequate in high Wind velocities. 
Since the blanking-off effect, if it occurs at 

all in my ventilator, is negligible, I have been 
able to arrive at a reliable equation for dis 
charge capacity. The equation is: 

36VH(t-t) 6- V --20XV 
where the symbols represent the variables al 
ready defined. It is evident that in very few 
cases will the air inlets be always on the Windward 
side of the structure being ventilated. Usually 
there are openings on the opposite side also 
and in this case the pressure P2 Will be only a 
fraction of the impact preSSure corresponding 
to the wind velocity. The inlet openings may 
also be shielded from the Wind action by Sur 
rounding obstacles. Again, these openings are 
of finite size and some resistance therefore ex 
ists to the flow of air through them, slightly re 
ducing the net or effective air-moving force. 
For the average conditions encountered in actual 
practice, with inlet openings of reasonable size, 
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this formula is conservative and allows a 
siderable margin for the factor of safety. 

Obviously, the application of this formula 
should not be extended too far beyond the range 
of conditions for which it was developed. This 
range includes heights up to 75 feet, temper 
ature differencestup to 25°F and Wind velocities 
up to 15 miles per hour. On account of the reg 
ular form of the discharge curves resulting from 
the formula, it is believed, however, that there 
Will Occur no appreciable error in its use for ex 
tensions of as much as 50 per cent of these limits. 
This is of importance in some cases because of 
advantages to be gained through an elevated po 
sition of the ventilator, to make use of the 
greater wind velocities which prevail at higher 
levels. 
In order that my improvements in ventilator 

Structure may be fully understood and may be 
readily applied to ventilators of different sizes, I 
shall express the principal dimensions in per 
centage, With the diameter of the mouth of the 
cowl as the unit. The diameter of the flange 8 
is Substantially 122.9% the diameter of the 
mouth l; the interval at which the center of the 
flange is spaced above the center of the mouth 7 
is Substantially 8.1%, and the extent of the lobe 
8a above the crest of flange 8 is substantially 
11.6% of the diameter of mouth 7. The out 
Ward flare of the flange and lobe Will be under 
Stood by reference to the angle a between Sur 
face of such parts and a vertical line through 
the center of the mouth of the cowl, the value of 
the angle a being substantially 52°. The overall 
length of the ejector tube 5 is substantially 53.5% 
of the diameter of the cowl mouth, while the 
length of the ejector tube without the flange is 
Substantially 44.2%. The diameter of the inner 
end of the ejector tube is substantially 28%; the 
diameter of the tube at the region of junction 
with the flange 5a is substantially 44.2%, and 
the diameter at the outer end of the flange is sub 
stantially 58.2%, of the diameter of the mouth 
of the cowl. w 
The lobe 8a is symmetrical with respect to the 

Vertical center line of cowl mouth T, and, ex 
tending through substantially 28% of the periph 
ery of the flange 8, the lobe is at its edge Curved 
to merge with the curved edge of flange 8. 
As above indicated the ventilator of the in 

vention has been designed with efficiency at low 
Wind Velocities given foremost consideration. 
While the laws of aerodynamics have been given 
precedence Over artistic merit, it will be per 
ceived that the latter has not been sacrificed. 
This is a matter of practical importance, inas 
much as the ventilator in service Will be exposed 
to view. On the roofs of buildings, or above the 
decks of ships, or in other locations where archi 
tectural merit is required. Within the ambit of 
the appended claim certain modifications are 
permissible. 
I claim as my invention: 
In a ventilator comprising a base, a cowl 

mounted On Said base for rotation on a ver 
tical axis, the mouth of said cowl extending in 
an approximately Wertical plane, an upwardly 
flaring flange extending peripherally of and ar 
ranged eccentrically of said mouth, the breadth 
of such eccentric flange being maximum at the 
top of Said mouth, and an ejector tube opening 
through the wall portion of the cowl opposite 
to said mouth; the improvements herein de 
scribed that afford increased ventilator efficiency 
at Wind velocities of six miles per hour and less, 

  



4. 
said improvements comprising an outwardly flar 
ing peripheral flange on the outer end of said 
ejector tube, and a flange portion or lobe inte 
gral with said eccentric flange, said flange por 
tion or lobe being centered above the mouth of 
said cowl and flaring upwardly and OutWardly 
from said eccentric flange, Said flange portion or 

3. 

2,868,143. 
lobe being of maximum breadth. On a vertical 
plane that bisects said mouth of the cowl and of 
gradually decreasing breadth on opposite sides of 
said plane and merging with the periphery of said 
eccentric flange at points Spaced Substantial 
intervals from said point of maximum breadth. 

FRANK. R. KELLEY. 


