June 27, 1939.

 J. R BOYLE Re. 21,127

AIR VELOCITY METER

Original Filed Dec. 23, 1933 3 Sheets—Sheet 1

29 |-.:z 5?_ oI | ! 2/". N
i o LK
' i Aﬁi‘!ﬁgbgga;i 7 I

U s 7

86 I'/A R Z |

EOD AT

06 ! ;

Soa I’

4arI-

31

g

Do

A7, g icl)
I 5 P\
N =

. )

SL - — =2




June 27, 1939. J. R. BOYLE . Re.21,127
AIR VELOCITY METER

Original Filed Dec. 23, 1933 ' 3 Sheets—-Sheet 2

14qg.D. LZq. 6
o227 23 27 45 A %
29 7 //////////// 2
26 288971771 3 -
il /%§ ' =
56 '
96 |
&% -
76 §
% zzﬁ
2/—-.% 22 N
% 01: i
. Nl
7 % ,
% _ J96 |
;« A
Z N
7 \
E A
y . "

- Irverdor
7 2. BoyZe

L o i, Bl By




June 27, 1939. ~ J.R BOYLE Re. 21,127

AIR VELOCITY METER

Original Filed Dec. 23, 1933 3 Sheets—Sheet 3




| ‘Reissued June 27, 1939

UNITED STATES

‘Re. 21,127

PATENT OFFICE

21,127 ] ; _
{ AIR VELOCITY METER S

John R. Boyle, Chicago, Ili., assignor to Illinols -
Testing Laboratories, Inc., Chlmo, m., a cor-

~ poration of Illinols

Orltlna,l No. 2,060,848, dated November 17, 1938,

- Serial No. 703,753, December 23, 1933.

Appli-

cation for reissue June 23, 1937, Serlal No.

- 149,918
- - - 37 Claims.

The present, invention relates to an alr Ve-
"locity meter.
One of the princlpa.l objects of the invention

is to provide an improved construction of small,

8 compact, portable. meter which can be conven-

lently carried from place to place for measur-.

ing air velocities. In this regard, it 1s a further
object of the invention to provide an improved
. meter which is constructed and balanced for ac-
10 curate operation in any plane,'i. e., it can be

- held ‘or set vertically, horizontally, or at any in-
termediate angular position for measuring the
velocity of an air stream flowing in any direc-
tion. This feature is of decided advantage for
enabling one to determine accurately the angle
or direction of a low velocity air flow by merely
comparing readings with the instrument held ab
dlﬂ'erent angles.

‘Another object of the mvention is to provide
an Improved construction of meter of extreme
sensitivity, capa.ble of accurately measuring air
currents of very low velocities. For example, me-
ters which I have heretofore constructed embody-
ing my invention are capable of accurately meas-
uring such veéry feeble air currents as may be

rising from a

- - lated through the room by air conditioning ducts.
” Thus, my improved meter is of marked utility
for heatinig and ventilating engineers, In that

it enables accurate determination to be made of

the dlrection and velocity of air currents in dif- E
ferent parts of .a foom or other enclosure, and

38 to. determine the velocities of air currents pass-
- 'ing through inlet or exhaust ducts a.smciated
with an air conditioning system, etc.
, ' . Another object of the invention is to provide
-a meter of the above characteristics which is
also rugged and durabile s6 that it can withstand
without injury the mogst severe shocks and jars
' to which a portable Instrument is ordinarily sub-

Jected. In this regard, it is an object of the in- -

vention to provide improved means which 1§ op-

a locking force on the moving system so as to
prevent movement thereof, and which is also op-
erative to relleve rela.tlvely delicate bearings of
‘the load of the moving system so that jar or
-shock . will' not. injure thesg bearings or other
parts. The efficacy of this imiproved construc-

‘tion has been demonstrated by meters construct-
ed in accordance with my-.invention which have - -

been dropped from the height of a table without
u lnjnry .

induced in the free air of & room by heated air i
radiator, or as may be set up by
window ventilation or by conditioned. air circu-.

erative when the meter 1s not in use to impose-

(CL 73-—202) i
My lmproved meter is preferably constructed as
a direct reading instrument callbrated to indicate
,directly the air velocity in feet per minute, and it
is another object of the invention to provide im-
proved damping means which will prevent objec- [
tionable oscillation or fluttering of the indicating
‘pointer when reading rapidly pulsating air cur-
rents. The prior direct reading meters -with
which I am famlliar have utilized air vanes and
other like damping devices, but these damping 10
devices do not prevent the aforesaid objection-~
able oscillation of the indicator, which oscilla-
tion may be so wide and rapid under some con-
ditions as to make the reading of the instrument
impossible. This has been completely avoided 15
in' my improved construction by employing im-~
proved magnetic damping means. which results
in the meter giving substantially s dead beat in-
_dication even when operating under the’most ad-
verse conditions. In my improved meters em- .gq
- bodying this magnetic damping means, the in-
dication egtablished by the meter in the case
of g rapidly pulsating alr flow is substantially
the mean of the different velocities; although -
the: indicator 1is capable of following such slow ¢
surges or changes in velocity as can be read di-
rectly without inconvenience.
. Another object of the invention is to-provide
an improved construction which will enable the
meter to be used in measuring widely different gg
alr velocities. This object is preferably attained
by providing a construction which will enable
the pointer to indicate velocities on either one
of two different scales calibrated: to embrace
different ranges of velocities.

Another object is to provide an improved for-
mation and construction of channel or orifice in
which the velocity responsive vane of the meter
swings; also to provide an improved channel or
orifice capable of adjustment, in size or shape.

Another object is to provide improved attach-
ment means for enabling the meter to measure
-the air or gas velocity within a closed duct or

pipe. = This attachment apparatus comprises |
tubes wh'-h- can be inserted through a hole in the 45
side of the main air or gss duct, and which tubes
communicate at their other ends with the meter.
. Thus, the instrument may be readily converted
into a flow ‘meter adapted for measuring the ve- -
locity of an air or gas within a closed conduit ggo
through the mstrumentallty of Pitot tubes or the
like. In this regard, while most of the aforemen-
tioned features of my invention have greatest
utility in a portable air velocity meter such as
I have described nevertheless it will be under- g§

[
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stood that some of these features can be embodied
with advantage in stationary flow meters and
other like instruments for measuring the volume
or velocity of a fluld flow. Accordingly, my in-
vention is not to be Hmited in its entirety to a
portable, air velocity meter.

Other objects and advantages of my invention
will appear from the following detail description
of & preferred embodiment thereof. In the ac-
companying drawings illustrating such embodi-
ment:—

Figure 1 is & front elevational view of the im-
proved instrumernt;

Figure 2'is a side elevational view, 111ustrat1ng
the side through which the air stream enters the

. instrument;

Figure 3 is a similar view of the opposite side,
illustrating the side from which the air stream is
discharged from the instrument;

Figure 4 is the front view with the front cover
removed, and some of the parts illustrated in sec-

. tion;
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Figure 5 is a tran.,verse sectional view taken

‘approximately on the plane of the line 5—5 of

Figure 4 and looking in the direction indicated
by the arrows;

. Figure 6 is a view taken approximately on the
same plane, but looking in the opposite direc-
tion, as indicated by the arrows 6-—6;

Figure 7 is a perspective view looking at the

open front of the instrument, but with the plate -

which defines the bottom and front side of the
air channel removed;

Figure 8 is 8 perspective view of this plate;

PFigure 9 is a detall sectional view of one of the
improved bearings for the moving system;

Figure 10 is a diagrammatic view illustrating
the use of the instrument for measuring the ve-
locity of unconfined or ambient air;

Figure 11 is a similar view illustrating the use
of the instrument for medsuring the velocity of
an air stream issuing from a duct;

Figure 12 is a diagrammatic view illustrating
the use of the instrument for measuring the ve-
locity of an air or gas flow through a duct;

" Figure 13 is a fragmentary sectional view show-

ing one arrangement by which my improved me- -

ter can be employed for the use illustrated in Fig-
ure 12; and

Figure 14 is a detalil sectional view of a closure
cap which is adapted to be substituted for the
Pitot tube extension when the instrument is to
be converted back to ordinary portable use.

In the embodiment illustrated, the meter parts
are enclosed within s housing comprising front
and back cover plates 21 and 22. The perimetri-
cal portion of the housing comprises a sheet metal
strip 23 bent into the form of an open rectangular

frame and having its ends secured together as in-.

dicated at 24. The front and back coverplates

"21 and 22 have grooves 26 and 26 formed around

their inner edges for receiving the edge portions

of the sheet metal strip 23. A block 21, serving )

primarily for mounting or attachment purposes,
is extended across the upper portion of the hous-
ing, substantially from side to -side ‘thereof, this

lock belng of lesser.depth than the depth of
the casing, as illustrated in Figures 5 and 6. This
block 1s secured fast against the back cover plate

' 22, the cover plate and block being fastened to-

gether ‘by the screws 28 (Figs. 5 and 6). The

" ‘front cover plate 21 is detachably secured in place
" by screws 28, which pass through the upper cor-

7

ners of sald cover plate and thread into the block
21, The lower corners of the front and back

A
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cover plate are connected by screws 31 extendmg
through both plates and receiving nuts 32 on
thelr rear ends. It will be understood that the

housing can be constructed in other ways than’

that above described. For example, the back 22,
the peripheral portion 23 and the mounting block
portion 271 may be molded as a unitary piece, com-
posed of a phenolic condensation produtt, or
aluminum or any other preferred material.
Defined below the block 27 is the air channel
or passageway 34 in which the air vane 35 os-
cillates in response to the velocity of the air
passing through said channel.
the channel passes through upper and lower ap-
ertures 36, 36’ provided in the lefthand vertical
side 23! of the sheet metal frame structure 23.
The alr leaving the channel or passageway 34
passes out through a somewhat similar arrange-
ment of apertures 31, 31°, 31"’ provided in the

righthand wall 23r of this sheet metal casing por-

tion 23. As I shall hereinafter describe, shutters
are preferably associated with these different sets

The air entering’

10
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of holes for restricting one of the sets and for

closing both of the sets.

The top wall of the air channel 34 is defined
by an adjustable member 38 preferably con-
structed in the form of a sheet metal strip hav-

“ing its righthand end fixedly secured to the at-

tachment block 27, as by having the end of this

strip bent upwardly and secured to the top .of -

the block around the end thereof; or such at-
tachment may be effected in any other desired
manner. The other end of the.sheet metal strip
38 is arranged so that it can ‘be adjusted up-
wardly or downwardly to vary the size and shape
of the air channel 34. This adjustment is ef-
fected by a screw 41 which passes down through
‘the mounting block 2T and has its lower end
threading through a threaded bushing 42 whicl
is suitably anchored' to the top side of the strip
38. The left extremity of the strip 38 is left free
so that it can move up and down in the adjust-
ments effected by the screw 41. ~Theé head of the
screw 41 Is accessible through an‘aperture 43 in
the top wall 23¢ of the sheet metal housing por-
tion. This hole 43 may be smaller than the head
of the screw 41°so as to hold the screw against

40

upward movemert, the screw being mounted in

the block 2% before said block is enclosed within
the perimetrical housing portion 23. If desired,
a compression spring 44 may encircle the screw
and the threaded bushing 42, such spring thrust-
ing the strip 38 downwardly to the adjusted po-
sition established by the screw 4f. The air vane 35
swings about the axis of a pintle -or arbor 45, the
arc 46 designating the path of movement of the
upper edge of said vane. When the vane is in its
zero position, it lies substantially in the full line
position illustrated in Fig. 4. ' Directly above the
arc-46, the under side of the sheet metal strip

-38 1s formed with a curvature 47 extending sub-
stantially from this:zero position of the vane to’

the righthand extremity of: the air channel 34.
The curve 4T may be a‘true arc or may be a parab-
ola or other generated curve, depending prin-

cipally on the manner in which it is desired to

50

55

65

subdivide the indicating scale on the instrument. .

With the scale graduated as shown in Figure 1,1

preferably form the curve 47 as a true arc. The ~

relation between the arc 48 of the vane and the

curve 41 is such that an aperture a is constantly -

defined between these curves, this aperture being

position, and constantly increasing in height and

" of minimum height when the vane is in'its zero

size as the vane swinss towa.rds lts poaltion of 75 ‘
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maximum air velocity. The adjustment afforded
by the screw 41 enables the size of the aperture a
to be increased or decreased with the vane dis-

. posed in its zero position. Such adjustment also

enables the height and shape of the curve 471 to
be varied for securing scale corrections.

The bottom of the air channel or passageway
34 is defined by a plate 48, {llustrated in per-’
spective in Figure 8. This plate comprises a ver-
tical front portion, 48a from which the bottom
wall portions 49b and 49c .are bent rearwardly.-
Attaching flanges 49d are bent downwardly from

" the rear edges of the bottom wall portions 49b, 48c.

15

- engage in the back cover plate 22.

26
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Screws or other suitable fastening members 51
pass through apertures in these flanges 49d and

front portion 49a is provided -with apertures 49e
for receiving screws 52 which fasten in the at-
tachment block 21. An aperture 497 is provided
between the bottom wall portions 49b and 49c,
and the vane 35 extends upwardly through this.
aperture. The lower portion of the vane s
formed with a cylindrically curved portion 35a
which is arranged just out of contact with the
inner ‘edge 49g of the bottom wall portion 49b.
The very narrow slot affording mechanical clear-
ance between this edge and the curved portion.,
35a remains of the same size throughout the
entire throw of the vane so that the leakage
around the under side of the vane at this point
Is maintained at a constant throughout the en-
tire movement of the vane. The slope of the
bottom wall portions 49b and 49¢, substantially
as shown, accommodates a greater ‘range of”
movement of the vane and affords other advan-
tages. The front wall of the air channel 34 is
defined by the vertical front portion 49¢ ‘of the .
plate 49, and the back wall of the air channel is
defined by the rear cover plate 22, the front and
rear edges of the vane being spaced slightly from
these walls, as illustrated in Figure 6. .
Mounted horizontally in the lower portion of
the casing is & U-shaped permanent magnet 54.
The mounting of said magnet is preferably estab-
lished through a bracket §5 (Figure 6) which is
secured to the back cover plate 22 by screws 58.
The bracket 55 is secured to the side of the mag-
net by lugs, screws or soldering. In the pre-
ferred embodiment shown, the moving system of
the meter is mounted on the magnet 54 and
bracket 65, although it will be understood that

different arrangements of mounting brackets may °

be employed. 'The moving system comprises the

‘vane 3B, curved lower portion 35a, spindle 48
and damping segment 58. .The lower end of the .

curved portion-3%a is formed with-an inwardly
extending torigue -portion 35b which is crimped
around the spindle 45, or otherwise fixedly se-
cured thereto. . The damping segment 58 is dis-

‘posed to swing between the closely disposed pole

extremities of the magnet 54, as best shown-in
Figure 7. This segment has an upwardly extend-
ing tongue portion -58a which' is apertured for

permitting the spindle 45 to pass therethrough. ~

Sald tongue passes through a slot 35¢ in the lower
portion 85b of the vane, and continues upwardly

. to have its tipper extrémity anchored in a nétch
. 35d which Is cut in the vane at the upper end of

70

the curved portion 38a. This attachment of the

damping ‘segment to the vane stiffens the seg-

‘ment against lateral deflection of possible bending

under jar. "The vane structure 35, 38a, 35b and

- the damping segment 88, 58a are both preferably

75 ‘made of other materials, if desired.

constructed

of aluminum, although they may be

The vertical .

-front leg of the magnet 54.

. end of the bearing bushing 63 and abuts

- provided in the front cover plate 2

~ tension B8a,

‘ 3

The opposite ends of the spindle 45 are formed

with pointed extremities #5a, as fllustrated in the
enlarged section of PFigure
.extend into tapered sockets 81 .formed within

jewel bearings 62 which are mounted within the
bearing bushings 63. In the preferred construe-

9. These extremities’ -

tion of these bearings, the socket 61 is formed on

a more gradual taper than the spindle extremity
45¢ so that the bearing contact occurs primarily
at the larger end of the socket, substantially at

the point indicated at 6la. This portion of the

socket is slightly larger than the adiacent por-
tion of the spindle extremity so that the spindle
can be moved upwardly to contact with the top
portion of the socket 61 when the weight of the
moving system is taken off of ‘the bearings. ‘The
bearing construction is the same at both ends
of the spindle, The rear bearing bushing 63
screws through a bracket 64 which is attached
elther to the mounting bracket 55 or to the upper
edge of the magnet 54 (see Fig. 7). The front
bearing bushing 63 screws through a front bear-
ing bracket §5'which is suitably fastened to the
Referring again
to Figure 9, a lock nut 66 screws over th‘q outer
against
the outer side of the bracket 65 This lock aut
has an annular shoulder or boss 66a projecting
inwardly therefrom. Said shoulder or bosé de-
fines an annular bearing for an arm 61 (Figure 6)
which is pivoted to oscillate about the axis of the .
-spindle on said boss. The swinging-end of this
arm is provided with an inwardly projecting ex-"
tremity 67a, and to this extremity is suitably
fastened the outer end of the hair spring 68. The
inner end of the hair spring is suitably secured
to the spindle 45. *The hair spring is preferably
arranged as shown in Figure 4, whereby the con-
volutions of the spiral are wound up as the vane
35 swings.to the right, although this arrangement
of the hair spring is not essential.
the hair spring can be increased or diminished

. for the purpose of accurately setting the pointer

on its zero position, by the rotation of g small
screw Tl which has threaded mounting in the
front cover plate 21, and the front of which -
screw Is .accessible from thé front of the Instru-
ment. The rear end of.this screw has an L-
-Shaped arm 12 secured thereto (Figure 6), and
the inwardly projecting end of this.arm or lgver
extends through an aperture in the arm: 67,
whereby rotation of the- screw 11 is operative

. to oscillate the afm 61 and thereby increase or

decrease the tension on the spring 68. . B
The dial is printed on'a card or plate 14, which’

" Is suitably secured to' the front side of the ver- -

-tical wall portion 49a of the plate 49. The digl
markings are visible through a sight window 15
l. AglassT6.is
mounted in this sight window 15." The pointer

. 1T consists. of a rod or wire which 1s secured
. to the movable system in any suitable manner, -

preferably by bending a portion of the rod in-
wardly below the vertical ‘wall 48a, then. passing
the rod downwardly through an aperture in the
curved vane extension 36a and through 8n aper-j
ture in the spindle 45, and th
extremity of the rod inwardly seat in g notch
in the lower portion of the damping segment ex-
as shown in Figures 6 and 4.

Devices are provided for adjusting the balance
-or center of mass of the moving system in two
different directions.. Referring to Figures 4 and
7, one of these devices consists of a small angle-

- shaped clip or arm 18 ‘which is pivoted at 79 to

85 -

40
The tension of -

50

55

80

6

n bending the

70
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the vertical front face of the damping segment
58, preferably at a point adjacent to the outer
or righthand tail of this segment. By grasping

.the projecting free end of this balancing member

718 and oscillating the same in one direction or
the other the center of gravity can be shifted in
one line of direction. The adjacent end of the
damping segment 58 is provided with a laterally
bent flange 58c.
similar formation is pivotally connected at 82

. to this flange 58c, said latter balancing device

18

30

being capable of pivotal adjustment in a plane
defined by the top surface of the flange 58c and
affording center of gravity adjustment, in another
line of direction. By shifting the position of one
of these two adjustable balancing members the

center of gravity of the moving system can be

shifted in one direction, as for instance vertically
towards or away from the horizontal plane of

the pivot axis; and by shifting the position of

the other balancing member the center of gravity
can be shifted in another direction, as for in-
stance horizontally towards nr away from the ver-
tical plane of the pivot axis. Convenient access
may be had to these adjustable balancing mem-
bers 78 and 8! by merely removing the front
cover plate 21.

The concentrated flux field of the magnet 54 is
primarily in the narrow gap 54¢ defined between

the closely disposeed pole extremities 54a of the.

magnet. Referring to Figure 4, I have found it
preferable to shape and arrange the.adjacent
edge of the damping segment 58 substantially
as shown, with the diagonal edge 58e of the seg-
merit intersecting a limited portion of this con-
centrated flux fleld when the pointer 1T is'in its
zero position. Certain advantages accrue to this
formation of the adjacent edge of the damping
segment and to this relation of the segment to
the concentrated flux field. For instance, the
restoring forces which are necessarily exerted
by the balance of the-moving system and by the

tension of the hair spring, for the purpose of

returning - the pointer to zero position, can be
reduced to a minimum or can be made practical-
1y nil when the pointer arrives in its zero position,
kecause the magnetic damping action is exerting
very little motion retarding force substantially
at the time that the pointer is approaching or
arriving at its zero position. On the other hand,
as soon as the vane 35 starts its oscillation to the
right in response to a current of air, the damping
action becomes increasingly effective as the diag-
onal edge b8e of the damping segment swings
upwardly through the concentrated flux fleld,
whereby a maximum damping action is. effective

_ at the higher air velocities.

70

The device for imposing a locking and elevat-
ing force on the moving system when tke meter
is not in use comprises a resilient wire 83 which

. has a U-shaped resilient loop 83a at one end, as
shown in Figure 4. The front bearing bracket

85 has an extension portion 88a projecting down-

wardly on the inner side of the magnet 84, and

the upper end of the loop 83a is soldered or
otherwise suitably secured to the lower.end of
this extension" portion 88a. The wire is bent to
have a rearwardly extending portion 33b passing

"below the circular outer periphery of the damp-
ing’ segment ll (Flgure 8), and this portion of. -

" “the wire has a U-shaped bend 83c therein for en-

- 78

‘gaging the periphe_ral edge of the segment. The
wire continues diagonally. upwardly and to the

Another balancing device 81 of -

21,137

36‘.  When the latter shutter is in either of its
open positions for permitting the passage of air
through the channel 34, the wire is pressed down-
wardly to remove all restraint from the damping
segment 58, but when the shutter is moved up-

wardly to its closed position, the wire is carried.

upwardly thereby to impose an upward force
against the bottom edge of the damping segment,
thereby locking the moving system against mo-
tion and also lifting the moving system so that
the weight thereof is not carried by the tapered
spindle ends 45a and bearing jewels 62. When
the moving system is thus locked against motion,
and its weight removed from the bearings, it is
capable of withstanding very severe jars.

The shutter which controls the inlet apertures
36, 36’ comprises a plate 8% which is arranged for
vertical sliding movement along the inner side
of the lefthand housing wall 23l. The plate has
laterally bent stiffening flanges 85a along its ver-
tical margins. 'Suitable provision is made for
guiding the plate for vertical sliding movement,
which guiding arrangement may be of any de-
sired form, although in the preferred construc-
tion shown I have illustrated resilient rods or

wires 86 which have their upper ends anchored

in the mounting block 27 (Figure 5) and which
have their lower ends pressing frictionally against
the innher surface of the plate at points just in-
side of the marginal stiffening flanges 85a, where
the rods serve to guide the vertical motion of the

plate. Referring to Figure 4, said rods are formed -

with hump-shaped or rounded lower ends 86a

_which are adapted to snap into slots 88b in the

- ed at the lefthand side of the instrument.

_the lower portion of the shutter plate.

plate when the latter is in either one of its three
positions, which action can be felt in the move-
ment of the slide plate, from which it will be
seen that these rods also serve as detent means
or indicating means for indicating when the slide
plate 85 is in each of its three positions and for
resiliently retaining it in that position. The outer
edge #4972 of the bottom wall portion 49b can also
be used to assist in guiding the motion of the

* shutter plate 85. The plate is reciprocated by

the rotation of a thumb wheel 87 which is mount-
A
shaft 88 projects from this wheel through the
housing wall 23! and has a rod 8% anchored to

- its' inner end and projecting rearwardly there-

from. Said rod extends through an aperture 85¢
which is provided in a flange 85d projecting from
Rotation

"of the thumb wheel 87 is thus operative to recip-

-

" left, as indicated at 83d: for attachment to the -

shutter which controls the letthsnd tperture\p 38,

rocate the shutter plate upwardly or downwardly.
The downward motion thereof is limited by the
lower diagonal edge 88e of the plate engaging the

-.thumb wheel shaft 88. The upper edge of the

plate is adapted to slide up into a recess 91 be-
tween the attachment block 27 and casing wall
23!, and the upward motion of the plate is lim-
ited by the engagement of said plate with the
top of this recess 31. Provided in the plate 85
is a row of relatively large apertures 92, as large
as the apertures 38, 38’ in the casing wall, and
upper and lower rows of relatively small apertures
83 and 3%’. The apertures in the shutter plate
and in the casing wall are so related that when
the shutter plate is in the lowermost position, as
fllustrated in Pigure 5, the top edge of the plate
is below the upper row of casing apertures 36 and
the row of shutter apertures 92 is in registration
with the lower row of casing apertures 36’. This
leaves the casing apertures entirely unobstruct-
ed, for- a maximum flow of air. therethrough.
When thie shutter plate is moved upwardly to

10
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the
action of the detent humps 88q snapping into
the intermediate apertures 85b, the top row of

- small shutter apertures 93 is brought into regis-

tration with the top row of casing apertures 3§
and the bottom row of shutter apertures 93’ is
brought into’ registration with the bottom row
of casing apertures 38’. 'This reduces the total

effective area of the openings through which the

air can enter the instrument, such area bearing
a predetermined relation to the total effective
area of the casing apertures 36, 36’ when unre-
stricted, whereby the instrument can be used to

Jmeasure alr velocities which would exceed the '

capacity of the instrument if the air flow were

through the unrestricted casing apertures 36, 36°..

When the shutter plate is raised.to its uppermost
bosition, the solid portion of the plate directly

below the top row of small apertures 93 closes -

the top row of casing apertures 36 and the solid
portion of the plate below the bottom row of
small apertures 93’ closes the bottom row of cas-
ing apertures 86’. Hence, the meter is completely
closed against the inflow of -air at this.time.
When the meter is placed in this inoperative
condition, the resilient wire 83 is caused to en-
gage the peripheral edge of the damping segment

. .58 and thereby lift and lock the moving system

to place the moving system in inoperative condi-
tion as well. This is accomplished by extending
the end 83d of the lifting spring Into an aperture

‘in the lower portion of the shutter plate 85, as

shown in Figure 5, whereby the lifting spring is
caused to move upwardly against the periphersl
edge of the damping segment when the shutter
slide is in its uppermost. position. )

The dial 74 is provided with two concentric
scales 84 -and 95, so arranged that the _pointer
11 swings over both scales. ‘The inner Scale 94
is shown as being calibrated to read from 0 to
400 feet per minute, and is the scale which is
read when the inlet apertures 36, 36’ are opened

‘wide, corresponding to relatively feeble air cur-

rents. The outer scale 95 is calibrated to read
from approximately 0 to 2500 feet per minute,

and is the scale which is read when the air enters "

through the restricted apertures 983, 83’, corre-
sponding to relatively high air velocities.
tongue 88 is bent laterally from the forward edge
of the shutter plate 85 in position to extend over

" the front of the dial T4, this tongue moving up
and down with the shutter plate and serving as.

an indicator for designating whether the inner
scale 94 or the outer scale 95 is to be read. It
will be apparent that the indicator is in position

. to designate the inner scale 84 when the aper-

tures 38, 36’ are unrestricted, and will be in PO~
sition to designate the outer scale 95 when the
air flow is through the restricted apertures 93, 93°.

Figure 10 diagrammatically illustrates the use
of the meter for measuring the velocity of an un-
confined air flow, such as the circulation of air
in a room or enclosure. By reason of the straight
through flow of the air in the instrument-—its

3 entrance through the inlet spertures 36, 36’ at

one side of the casing, its substantially straight
line flow through the channel 34, and its dis-
charge through the outlet apertures 37, 81, 371’*
at the opposite side of the casing—the Instrument
is made more efficient and more sensitive and can
be used to better advantage for determining ac-
curately the direction of an unconfined air flow

. by merely tilting or turning the instrument to

different angular positions and noting any varia-

“tion in the readings. The substantially straight -

A
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line flow of the air through the instrument, as
distinguished from a sinuous, tortuous or revers-
ing path, greatly reduces the inertia losses and
side wall air friction. By minimizing these losses,

" and particularly the inertia losses, the maximum
“kinetic energy of very feeble air currents is im-~

parted to the vane. It will be noted from Figure
6 that the vane closes almost the entire cross-
sectional area of the channel when in its ero po-
sition, there being only small clearance areas be-
tween the channel walls and the side and top
edges of the vane. It will also be noted from Fig-

" ure 4 that in all positions of the vane it closes the

major cross-sectional area of the channel. These
factors greatly increase the sensitivity and ac-
curacy of the instrument to low velocity air flows.

Figure 11 diagrammatically illustrates the use

]
i
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of the instrument for determining the velocity of -

an air current issuing from g duct D. In each of
the uses illustrated in Plgures 10 and 11, the out-
let or discharge apertures 31—371"’ at the outlet
side of the casing are maintained open. For

. obtaining en average of the velocities issuing from

the different radii of such a duet D, it is custom-
ary to take readings while moving the meter later-'
ally across the end of the duct. This transverse -

20
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movement of the meter in a direction perpendic- -

ular to the direction of air flow-does not disturb
the accuracy of the readings because of the fact
that the inlet and outlet openings 36—36’ and
31—3T" ‘are in opposite side walls of the meter
casing, and hence any effect which such Iateral
or transverse movement of the casing may have

30

on one opening is counterbalanced by the similar

effect on the other opening. =~ -

- Figure 12 diagrammatically llustrates the use
of a modified form of my improved meter for
measuring the velocity of an air or gas flow oc-
curring within a closed duct D’, or other region
of air flow removed from the meter casing, In
adapting the meter'to this utility, an attachment
97 is connected with the meter for conducting
the air or gas from the duct D’ through the meter
and back into the duct. ‘This attachment com-
prises two pipes 98 and 989 having apertures 98’
and 99’ in their upper ends. The apertures 98"
are arranged to face in ‘opposition to the direc-
tion of the flow and the aperfures 99’ are arranged.
to face in the direction of flow, whereby the pipes
98 and 99 function in the manner of Pitot tubes
or pressure tubes for conducting a portion of the

flow down through the meter.” The two pipes are

perferably arranged back to back so that they
can be inserted through a relatively small aper-
ture 101 in the wall of a.duct D’." The lower ends
of the two pipes are spread apart, as illustrated

- in Pigure 13, a;nd, these ends have tapered ex-

tremities 88’ and 99’ for effecting tight seating
in the upwardly directed tapered ends of the two

‘passageways (02 and 103. A circular collar 104 is

secured fast to the separated lower portions of the

. two pipes and is adapted to fit within a circular,

threaded boss . 188 which Is secured to the top of
the meter housing. A clamping nut 108 is ar-
ranged to screw down over the boss 108, this nut
having an {nwardly extending flange which over-
lies the edge of the collar {104. It will be evident
that by screwing this nut 106 downwardly, the
tapered extremities of the two pipes can be forced
into tight seating contact with the tapered ends of
the passageways 102, 103, When the pipe attach-
ment 87 is disconnected from the instrument, the
upper ends of these passageways are closed by

& closure attachment 108, illustrated in Figure = .
14, The latter comprises two solid plugs 108 and 75
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" 108 for closing the same.

§ the swivel pin {14, whereby the screw cap can be -

6

i1 extending down from a block {12 and adapted
to seat in the upper ends of the passageways 102,
A screw cap {13 has
swiveled connection with the block 112 through

screwed downwardly over the threaded boss 0%
for forcing the plugs 108, 111 down into the pas-
sageways. When an instrument of the construc-
tion illustrated in Figures 12 and 13 is provided

10 With a top carrying strap 116, one end of the

15
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80 . fAange ! 18b which is punched laterally from the

strap is made releasable to facilitate connecting
the attachment 87 to the instrument. )

"The two pessageways 102, 103 are formed with-
in the mounting block 21 and communicate with
the inlet and outlet ends respectively of the air
channel 34. The adjustable top wall 38 of the
air channel is preferably arranged so that these
passageways open into the channel beyond the
ends.of said adjustable top wall. When thus em-
ploying the instrument in conjunction with the
attachment 871 for measuring the velocity of a
flow within a closed conduit, it is desirable that,
the outlet apertures 31, 31°, 31’/ in the righthand
side of the casing be closed. This is accomplished
by the provision of a shutter plate 11§ which is
arranged for sliding movement inside of the right-
hand casing wall 28r, corresponding substantially
to the slidable arrangement of the shutter plate
85 at the opposite side of the casing. For exam-
ple, the plate 116 may be provided with laterally
extending marginal flanges | 16a which cooperate
with spring rods 11T for guiding the motion of
the plate, similarly to the guiding relation pre-
viously described between the flanges 85a and the
spring rods 86. The plate L6 is provided with
three rows of relatively large apertures (18 which
are adapted to register with the three rows of
casing apertures 31; 31’, 31"’ when the plate is
in its lower position. The movement of the plate
to its upper position closes all Tows of casing
apertures. Such movement is effected by an arm
121 which extends across the casing adjacent to
the bottom thereof,” The lefthand end of this
arm is rigidly secured to the lower portion of the
shutter slide 86 so as to move directly therewith.
The arm is disposed adjacent to the back wall
‘of the casing, as shown in Figures 5 and 6, so that
- it can have the required range of movement in a

plane in back of the permanent magnet B4. The

righthand end of sald arm is adapted to engage

lower portion of the shutter plate 118. One or
more tension springs 122, connected between the
flanges | g and the bottom wall portion 49¢, nor-

55 nially tend to puil the shutter slide i€ down to .
%9 its open position. The arrangement is such that -

_the latter slide will remain in this open position,
with the outlet apertures, 31, 31’, 31’’ completely
apen, as long as the inlet shutter 88 is either down

“in its.wide open position or in its intermediate

80 restrivted position with the-restricted apertures

P ey

93, .93’ in register with the casing. apertures.

However, as soon as the’inlet opening shutter 85

'1s moved upwardly to its completely closed posi-
the corresponding upward movement of the
"arm 121 will effect engagement with the flange

116b and move the outlet shutter 118 up to its
- closed position, thereby closing both sides of the

. casing. As soon as the inlet shutter is mpoved

70 back to its intermediate position or to its lower

position, the springs 122 restore the out-
let shutter 1i6 to its open position. Thus, the
two shutters are capable of completely clos-
-ing the instrument housing, ‘which is particu-

75 larly desirable when the instrument 15 to

21,127

have the attachment 97 adapted thereto for meas-

uring the velocity of a flow through a closed

‘conduit, as illustrated in Figure 12. Even where

the instrument is not intended or designed for

this latter adaptability, the closing of the outlet
apertures 37, 31°, 37’’, when the. instrument is
locked against operation, is of advantage for pre-
venting any possibility of the vane 35 being sub-
jected to any air pressure. In the modified con-

‘struction -adapted for the use of the attachment

91, the locking wire 83 may be dispensed with so
that the moving system is still movable with both

shutter slides elevated to their closed positions;
or this locking wire is retained by giving each of.

the slides still another higher position, beyond
the closed positions, in which higher position the
casing will still be closed and the wire will be
brought into action for locking and elevating the
moving system.’ It will be noted that when the
conduit attachment 87 is coupled to the meter
casing it constitutes a self-supporting extension
from the casing whereby the casing can be em-
ployed as a supporting handle for maneuvering
the orifice end of the conduit into different posi-
tions in the air stream. Also, the use of the ex-
‘tension conduit is advantageous in situations
where the presence of the meter casing directly
in the air stream would cause such turbulence

and blocking effects in the air flow as to result

in erroneous readings, the relatively small size
of the extension conduit not causing such ob-
jectionable turbulence or blocking effect. :

I have found that the magnetic damping mech-
anism, constructed and arranged substantially as
herein described, is efficaclous to dampen .the
motion of the moving system when low velocity
air currents are admitted through the unrestricted
apertures 36, 38’ or when the restricted apertures

15
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93, 93’ are interposed for higher velocity currents.

‘The eddy currents that are set up in the damping
segment 58 upon any tendency of the segment to
oscillate quickly, oppose sufficient retarding force
to such quick motion that a dead beat indication
is obtained even when the air velocities are rapidly

pulsating. 1In the case of a rapidly pulsating air .
flow, the indication is substantially the mean of

the different velocities. This magnetic damping
operation ¢reates no frictional retardation and
does not-decrease the sensitivity of the instru-

ment. Also, this magnetic damping operation ..
enables the indicating pointer to follow such slow -
‘surges or changes in velocity as can be read

directly without inconvenierice, which is often
desirable. Furthermore, such magnetic damping

" also damps the indicating-means against any ¢

vibration or motion which may arise from holding
the meter in the hand during the taking of veloc-
ity measurements. o - ‘

. 'While I have illustrated and described what I
regard to be the preferred embodiment of my

. invention, nevertheless it will be understood that

such ‘is merely exemplary and that numerous

modifications and rearrangements may be made

therein without departing from the essence of the

invention. IR i
Iclaim:— L

1. In an air ‘yelocity meter of the class de-

scribed, the combination of a casing, air chan-
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nel defined in said casing for directing an air flow -

therethrough, a moving system comprising a vane,
indicating means and a balancing segment, said
vane extending into said air channel in position to
be deflected through a limited range of oscillatory
movement by the velocity of the air flow through
said channel, said indicating means indicating the
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range of deflection of sald vane, said balancing
segment depending below said vane and lying sub-

stantially at right angles thereto and balancing
said vane and indicating means, and a permanent

magnet comprising pole extremities defining an
air gap, said balancing segment moving through

sald air gap. ..

2. In a portable air velocity met;er of the class

. “described, the combination of a casing, inlet and

cutlet openings in opposite side walls of said cas-
ing, an air channel in said casing extending in a
substantially stiaight. line between said openings,
whereby sald openings can be aligned with free
atmospheric, air currents and said currents can

have substantially unidirectional flow through .

said casing, a moving system comprising a yane,
indicating means and & balancing segment, said
vane extending Into.said air channel in position-to
be deflected through a limited range of oscillatory.
movement by the velocity of the air fiow through
said channel, said indicating means indicating the
range of deflection. of said vane, said balancing

. segment depending below said yane and lying sub-

stantially at right angles thereto and substantially
balancing said vane and indicatihg means, and a
permanent maghet comprising pole extremities
deflning an air gap, said balancing segment moy-
ing through said air gap. o :
3. In a portable air velocity meter of the class
described, the combination of a casing, inlet and
outlet openings in opposite side walls of sald
casing, an air chanpel in sald casing extending in
a substantially -straight line between said open-
ings, whereby said openings can be aligned with
free atmospheric air currents and said currents

- can have substantially unidirectional flow through

sald casing, a moving system comprising a vane,
indicating means and a damping segment, said
moving system being pivoted for oscillatory move-

ment about an,axis extending substantially at '

right angles to the direction of flow of the air
through said, channel, said vane extending into
sald channel and being disposed substantially
transversely thereof in position to be deflected
through a limited range of oscillatory movement
by the velocity of the air flow through sald chan-
nel, said indicating means indicating the range of
deflection of said vane, sald damping segment
depending below said vane and lying substantially
at right angles thereto, and permanent magnet
means comprising pole extremities defining an air

gap, said damping segment moving through said -

air gap.

4. In a portable air velocity meter of the class
described, the combination of a substantially rec-
tangular casing which can be held in the hand or
rested on a supporting surface for operation, inlet
and outlet openings in opposite side walls of the
upper portion of ‘said casing, an approximately
horizontal air channel in the upper, portion of said
casing extending in a substantially straight line
between sald openings, whereby said openings can
be aligned with free atmospheric air currents and
sald currents can have substantially unidirec-
tional flow through said casing, a spindle in said
casing below sald air channel and extending sub-

~ stantially at right angles to the direction of flow -
~of the air through:said channel, & U-shaped per-
manent magnet disposed substantially horizon- .

tally in said casing below sald spindle, and a mov-

ing system comprising a vane, indicating means

and & balancing segment pivotally mounted on
_-said spindle, said vane extending into said chan-
nel and being disposed substantially transversely
-thereof and closing the major portion of said

1
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channel when in zero position, said indica.fing .

means indicating the range of deflection of said
vane, said balancing segment depending below
said vane and lying -substantially at right angles
thereto and moving between the pole extremities
of said permanent magnet,. .

5. In a portable air velocity meter of the class
described, the combination of a casing, an air

5

channel defined in said casing for directing an air

flow therethrough, means for controlling the air

“flow through said channel, a moving system com-

prising a vane, indicating means and a balancing
segment, said vane extending into said air channel
in position to be deflected through a limited range
of oscillatory movement by the velocity of the air
flow through said channel, said indicating means
indicating the range of deflection of said vane,
said balancing segment depending below said vane
and lying substantially at right angles thereto and
substantially balancing said vane and indicating

means, and & permanent magnef comprising pole’

extremities defining an air gap, said balancing

" segment moving through said air gap.

6. In a portable air velocity meter of the class
described, the combination of a casing, inlet and
outlet openings in said casing, an air channel in
rald casing extending between said openings, ad-
justable means actuatable from the exterior of
said casing for controlling the effective area ‘of
one of said openings to adapt the meter to dif-
ferent ranges of velocities, a moving system com-
prising a vane and indicating means, said mov-
ing system being pivoted .for q'scillatory move-
ment about an axis extending’ substantially at
right angles to the direction of flow of the air
through said channel, said vane extending into
sald channel and being disposed substantially
transversely thereof and closing the major por-
tion of said channel when in zero position, said
indicating means indicating the range of deflec-
tion of said vane, said indicating means having
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multiple scale means cooperating therewith for °

giving different readings for different ranges of
velocities, and means for damping the motion of
said moving system magnetically.

7. In a portable air velocity meter of the class

- described, the combination of a casing, an air

channel defined in said casing for directing an
air flow therethrough, adjustable means control-
ling the air flow through said channel for adapt-
ing the meter to different ranges of velocities, a
moving system in said casing comprising a vane
and indicating means, said vane having oscil-
latory movement in said air channel about a
pivot axis extending substantially at right angles
to the direction of flow of the air through said
channel, sald indicating means indicating the
range of deflection of said vane and comprising
multiple scale means for giving different resd-
ings for different ranges of velocities, a designat-
ing device operating in conjunection with said ad-
justable controlling means for designating the
scale of said multiple scale means to be read, and
magnetic means for damping the motion of said

- moving system.

8. In a portable air velocity meter of the class
described, the combination of a casing, inlet and
outlet openings in opposite side walls of said cas-
ing and an air channel in said casing extending
In & substantially straight line between said open-

ings, whereby said openings can be aligned with * -
free. atmospheric -air currents for substantially .

unidirectional flow through said casing, 8 mov-
ing system comprising a pivoted vane, indicating

means and-a damping member on opposite sides
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of the plvot axis of the vane, sald vane extending
into. said air channel in position to be deflected
through a limited range of oscillatory movement
by the velocity of the air flow through said chan-

nel and the general axis of said channel being

spaced to one side of the pivot axis of said vane,
said indicating means indicating the range of

deflection of said vane, permanent magnet means -

comprising pole extremities deflning an air gap
and disposed on the side of sald pivot axis op-
posite side air channel, said damping member
moving through said air gap,-a hair spring op-
posing motion of said moving system in one di-
rection, and means for adjusting the zero posi-
tion of said indicating means through said hair
spring;

9. In a portable air velocity meter of the class
described, the combination .of a casing, an air

channel defined in said casing for directing an

air flow therethrough, a moving system in said

casing comprising a vane, indicating' means and °

a damping member, said vane being disposed
substantially transversely in said air channel and
having oscillatory movement therein about a
pivot axis extending substantially at right angles
to the direction of flow of the air through said
channel, said indicating means indicating the
range of deflection of said vane, a hair spring
for restoring said moving system to zero position,
and permarient magnet means in said casing

. comprising pole extremities defining an air gap,
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said damping member moving through said air

gap and being constructed to exert different de-

grees of magnetic retardation to motion of said.
moving system in different angular positions of
said moving system, whereby said damping mem-
ber exerts minimum magnetic retardation when
said moving system is in close proxlml’ty to its
zero position. -

10. In a portable air velocity meter of the class
described, the combination of a casing, an air

channel defined in said’ casing for directing an -

air flow therethrough, a moving system com-
prising a vane and indicating means, said mov-
ing system .being pivoted for oscillatory move-

- ment about an axis extending substantially at
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right angles to the direction of flow of the air
through said channel, said vane extendihg into
said channel and being  disposed’ substantially
transversely thereof, said Indicating means in-
dicating the angular deflection of said vane, mag-

-netic means for damping the motion of said mov-

ing system, including & part, movable with said
vane, and locking means for holding the moving
system ‘against motion comprising & member
movable into engagement with the movable part

-of said magnetic damping means. -
11. In an air velocity meter of the class de-
scribed, the combination of a casing, an air chan- .-

nel defined in said casing for directing an.air
flow therethrough, a moving system comprising
a vane, indieating means and a balancing seg-
ment, said vane extending into said air channel
and positioned to be deflected through a fimited

range of oscillatory movement by the velocity of -

the air flow through said channel, said indicat-
ing means indicating the range of deflection of
said vane, said balancing segment depending be-
low said vane and lying substantially &t right
angles thereto and substantially balancing said
vane and indicating means, a permanent -magnet

comprising- pole extremities deflning anp air gap, .
sald balancing segment moving through said. air

gap, and a -movable wall deﬁning a part of said
air channel movable to different positions for

21,127
changing one of the dimensions of said channel.

.12, In a portable air velocity meter of the class
described the combination of a- casing, an air
channel defined in said casing for directing an
air flow therethrough, a moving system in said
casing comprising a vane, indicating means and
a balancing segment, said vane extending into
said air channel in position to be deflected
through a limited range of osciliatory movement
by the velocity of the air flow through said chan-
nel, said channel varylng in cross-sectional area
between different points of its length, whereby

;said vane in a low veloeity position closes a

greater proportion of said channel than it does
in a high velocity position, said indicating means
indicating the range of deflection of said vane,
said valancing segment depending below said
vane and lying substantially at right angles
thereto and substantially balancing said vane
and indicating means, and a permanent magnet

10
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in said casing comprising pole extremities defin- .

ing an air gap, said balancing segment moving
through said air gap.

13. In a portable air velocity meter of the class
described, the combination of a casing, inlet and
outlet openings in opposite side walls of said cas-
ing, an air channel in said casing extending in a
substantially straight line between said openings,
whereby said openings can be aligned with free
atmospheric air currents and said currents can
have substantially unidirectional flow through
said casing, a moving system in said casing com-
prising a vane, indicating means and a bal-

25
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ancing segment, sald moving system being piv- -
oted for oscillatory movement about an axls ex- 88

tending substantially at right angles to the di-

‘rection of flow of the air through said channel,

sald vane extending ifito said channel and being
disposed substantially transversely thereof and
closing the major portion of said channel in all
positions thereof, said alr channel varying in

cross-sectional area between different points of

its length, whereby said vane closes a greater

140

proportion of the channel in a low velocity posi- -

tion thar it does in a high velocity position, said
Indicating means indicating the range of de-
flection of said vane, said balancing segment de-
pending below said vane ‘and lying substantially
at right angles thereto and. substantially bal-
ancing said vane and indicating means, and a
permanent magnet in said casing comprislng
pole’ extremities deﬂning an air gap, said bal-
ancing segment moving through said air gap.
14.'In a portable alr velocity meter of the class
described; the combination of a casing, inlet and
outlet openings in opposite side walls of said cas-
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ing, an air channel in said casing extending in a .

substantially straight line between said openings,
whereby said openings can be aligned with free

atmospheric alr currents and sald currents can,

have . substantially uni-directional flow through
said casing, a, vgne pivoted for oscilatory move-

60

ment about an-axis extending substantially-.at

right angles to the direction of flow of the air
through said channel, said vane being di-posed

-substantially transversely in. said channel and

closing - approximately the entire: cross-section:g]

88

area of-sald channel when in its zero position, .

said vane closing:.the major cross sectional area
of sald channel in all positions thereof; said

- channel 1ncreasing in -cross-sectional area to-

wards the position of maximum defiection of said
vane, indicating means mdlcating the ‘angular
deflection of sald vane and comprising different

" scale data for different ranges of velocities, ad-
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Justable means for controlllng the effective area
of one of said openings to adapt the meter to

- different ranges of velocities, and ‘designating

‘means operating therewith for designatlng the

scale data to be read.

15. In a portable air velocity meter of the class
described, the combination of a casing, inlet and
outlet openings in opposite side walls of said cas-

" ing, an air channel in said casing extending in a

10
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substantially straight'line between said openings,
whereby sald openings can be aligned with free

.atmospheric air currents and said currents can

have substantially uni-directional flow through
said casing, a vane pivoted for oscillatory move-
ment- about an axis extending substantially =zt
right angles to the direction of flow of the air
through said channel, said vane being disposed
substantially transversely in said channel and
closing approximately the entire cross-sectional
area of sald channel when in its zero position,
said vane closing the major cross-sectional area
of said channel in all positions thereof, sald
channel -increasing in cross-sectional area to-
wards the position of maximum deflection of said
vane, indicating means indicating the angular
deflection of said vane, a conduit for adapting
the meter to the measurement of fluld flow at a
point removed from the meter, said conduit hav-
ing an orifice at one end adapted to be inserted
into the region of flow to be measured, detachable
coupling means for coupling the other end of said
conduit to said casing, the latter end of satd con-

duit communicating with the inlet end of said

channel when so coupled to the meter, and means
for closing the remainder of the inlet end of said
channel from communication with atmosphere
when the meter is thus adapted to the measure-
ment of flow condltions through said detachable

" conduit.

‘1N

43

16. In a portable air velocity meter of the class
described, the combination of a casing, inlet and
outlet openings in opposite side walls of said cas-
ing, an air channel in said casing extending in a
substantially straight line between said openings,
whereby sald openings can be aligried with free
atmospheric alr currents and sald currents can

have substantially unl—directiona.l flow through

sald casing, a vane pivoted for oscillatory move-
ment about an axis extending substantially at
right angles to the direction of flow of the air
through said channel, said vane being disposed
substantially transversely in said channel and

closing approximately the entire cross-sectional

area of said channel when in its zero position,
sald vane closing the major cross-sectional area
of said channel in all positions thereof, sald

. channel increasing in: Lross-sectional area to-

wards the position of maximum deflection of said

vane, indicating means indicating the angular de-.

flection of said vane, adjustable means actuatable

~ from the exterior of sald casing for controlling

the effective area of one of said openings to adapt

the meter to different ranges of velocities, & con-.
‘duit for adapting the meter to the measurement

of fluid flow at a point removed from the meter,
said conduit having an orifice at one end adapted

- to be inserted into the region of fiow to be meas-

.. "

ured, detachable couplinig means for coupling the
other end of said conduit to said casing, the latter
end of said conduit communicating with the inlet
end of said channel when so coupled to the meter,
and means for closing the remainder of the Inlet
portion of said channel from communication with

atmosphere when the meter is thus adapted to. .

the measurement of flow.conditions through said
detachable conduit.

17. In a portable air velocity meter of the class
described, the combination of a casing, an air
channel in said casing for directing an .air flow .3
therethrough, a vane disposed substantially
transversely in said channel and having limited
oscillatory: movement therein about a pivot axis
extending substantially at right angles to that
portion of the channel through which said vane 19
swings, said vane in its zero. position being in-
clined from the vertical and closing approxi-
mately the entire cross-Sectional area of said
channel, said vane - closing the major cross-
sectional area of said channel in all positions, g

. sald channel increasing in cross-sectional area

towards the position of maximum deflection of - .
said - vane, indicating: means indicating the
angular deflection of said vane, magnetic means

~ for damping the motion of said indicating means, - 20

an extension conduit, means for detachably cou-
pling one end of said conduit to said casing in
communication with the inlet end of said chan-~ -
nel, the other end of said conduit having an
orifice therein for conducting exploring opera- o8

"tions in velocity regions reniote from said meter,

and means for closing the remainder of the inlét
portion of said channel from communication with

-atmosphere when the meter is thus used for the

measurement of flow conditions through the in- gg
strumentality of said extension conduit. T
18. In a portable air velocity meter of the class
described, the,combination of a casing, inlet and
outlet openings in said casing, an air channel in
said casing .extending between said openings, a gg
moving system comprising a pivoted vane, in-
dicating means and a balancing segment, said
vane extending into sald air channel in position

“ to be deflected through a limited range of oscil-

latory movement by the velocity of the air flow 49

‘through said channel, said indicating means in-
‘dicating the range of deflection of said vane, said

balancing ™ segment depending below both said
vane and said air channel and lying substantially

. at right angles thereto and substantially balanc- 45 -
'ing said vane and indicating means, and a per-

manent magnet comprising pole extremities de-
fining an air gap, said balancing segment; moving

through said air gap.

19. In a portable air velocity meter of the class 50
described, the combination of & casing, inlet and
outlet openings in opposite side walls of sdaid cas-
ing, an air channel in said casing extending in a
substantiaily straight line between said openings i
whereby said openings can be aligned with' free 55
atmospheric alr currents and said currents can

“have substantially uni-directional flow through

sald casing, a moving system in said casing com-
prising a vane and indicating means, and means -
for adapting the meter to the measurement of 80
fluld flow within a closed duct or the like com-
prising a conduit adapted to have communication
at one end with the inlet portion of said air chan~ . -
nel and having its other end adapted to open into =
said duct, and means. for closing the inlet open~ g5
ing of sald casing from communication with at-
mosphere when the meter is thus adapted to the
measurement of ﬂuid flow within a c]osed duct or -
the like. .
20. In a portable ali' velocity meter of the class 70
described, the combination of a casing, an air
channel extending in a substantially straight line
through said casing, whereby said channel can
be aligned with free atmospheric alr currents and
sald ‘currents can have substantially unidirec- 7g
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tiongl flow through said casing, a vane in said
, channel pivoted for oscillatory moveinent about
an axis extending substantially at right angles

to the direction of flow of the air through -said

5 channel, indicating means indicating the an-
gular deflection of.said vane, said vane respond-
ing to free atmospheric air currents of relatively

low velocity passing through said channel, ex-<.'

tension means for adapting the meter to:the
10 measurement of fluid flow within a closed duct

or in other velocity regions removed .from the

meter, comprising two conduits communicating
with opposite ends of said channel, the other ends
of said conduits having orifices therein adapted
15 to be presented in different angular relations to
the fluid flow in the velocity region being meas-
ured, and means for closing the inlet and outlet
ends of sald channel from communication with

atmosphere when the meter is thus adapted to -

g0 the measurement of fluid flow through sald exten~
,slon means.

21. In a portable air velocity meter of the -

class described, the combination of a casing,
inlet and outlet openings In opposite side walls

o3 of sald casing, an air channel in said casing .

‘extending in a substantially straight line be-
. tween said openings, whereby said openings can
be aligned with free atmospheric air currents
B and sald currents can have substantially .uni-

30 directional flow through sald casing, a moving
system in said casing comprising a vane and

indicating means, means for adapting the meter-

to the measurement of fluid flow with a closed
duct or the like comprising a conduit adapted
" 88 to have communication at one end with the inlet
portion of said air channel and having its other
end adapted to.open into said duct, and means
carried by the casing for closing the inlet open-
~ ing of said casing from communication with
40 atmosphere when the meter is.thus adapted. to
the measurement of fluld ﬂow wlthin & closed
duct or the like.
22. In a portable air veloc!ty meter of the

class described, the combination of a casing, -

45 inlet and outlet openings in ‘opposite side walls
‘ of said casing, an air channel in said casing ex-
tending In a substantially straight line between
sald openings, whereby said openings can. be

aligned with free atmospheric.air currents and’

50 said currents can ‘have substantially unidirec-
tional flow through sald casing, a moving system
in sald casing comprising & vane and indicating

means, means for adapting the meter to the
measurement of fluld fiow within a closed duct’

58 or the like comprising a conduit adapted to have
communication at one end with the inlet portion
of said air channel and having its other end
. adapted to open into said duct, and means car-

. ried by the casing against said opposite side walls
"@0 for closing both sald inlet and outlet openings of
the casing from communication with atmosphere
when the meter is-thus adapted to the measure-
. ment of fluid flow within a closed duct or the

. like.
¢ 23.In a porta.ble air velocity meter of the

> eclass described, the combination of a casing,

. inlet and outlet openings in opposite side walls
of ‘sald casing, an air channel in sald casing

. extending in a substantially straight line be-
yo tween said openings, whereby sald openings can
be aligned with free atmospheric air currents and

said currents can have substantially unidirection- -

al flow through said casing, means carried by the
casing and serving as & .lower wall for the inlet
9§ portion of said air channel, & moving system in

2
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sald casing comprising a vane and indicatlng .
means pivoted for movement about an axis
spaced below said wall means, and a8 curved part.
carried by said vane and arcuate about said axis

s0 as to cooperate with said wall means so as to @
restrict air leakage from *he inlet portion of sald
alr channel.

24, In a portable air velocity meter ‘of the .
class described, the combination of a casing, inlet -/
and outlet openings in opposite side walls of said 19
casing, an air channe] in sald casing extending in

- & substantially straight line between said open-

ings, whereby said openings can be aligned with

' free atmospheric air currents and said currents

can have - substantially -unidirectional flow ;g
through said casing, means serving as & lower
wall for the inlet portion of said air channel, a
moving system in said casing comprising a vane
and indicating means pivoted for swinging move-
ment about an axis below said wall means, said g9
vane including a substantially flat section closing
approximately the entire cross-sectional area of .
said air channel and having a laterally bent sec-.
tion with a portion curved ‘arcuately about said
pivot axis and cooperating with the inner end of ¢ -
said wall means in all positions of the vane for
the purpose of preventing air leakage at this

- point, and balancing means for said vane,

25. In an air velocity meter of the class de-
scribed, the combination of a casing, an air 3p
channel deflned in said casing for directing an
air flow therethrough, a moving system compris-
ing a vane, indicating means and a balancing
segment, said vane extending into sald air chan- .
nel and positioned to be deflected through a lim- 33
ited range of oscillatory movement by the ve-
locity of the air flow through said channel, said
indicating means indicating the range of deflec-
tion.of said vane,~said balancing -segment de-
pending below said vane and lying substantially 49 .
at right angles thereto and substantially balanc-
ing said vane and indicating means, means for -
closing the ends of said air channel, and means
operable therewith and movable into and out -
of engagement with said balancing-segment for 45
holding the moving system against motion.

26. In an air-velocity meter of the class de-.
scribed, the combination of a casing, an air chan-
nel defined"in the upper. portion of sald cas-

‘ing for directing an air flow therethrough, a 50

moving system comprising a vane, indicating
means and a balancing segment, sald vane ex-

‘tending into said air channel and positioned to

be deflected through & limited range of oscil-
Iatory movement by the velocity of the air flow. 5.
through sald channel, said indicating means in-
dicating the range of deflection of sald vane,
sald balancing segment depending below said vane
and lying substantially at right angles there-
to and substantially balancing sald vane and in- g,
dicating means, shutter means for closing the
inlet end of said air channel and including a
portion extending into the lower part of said

- casing, and a locking member in the lower por-

tion of said casing and movable into efigagement g,
with said balancing segment, sald locking mem-
ber being operatively connected with the lower
portion of said shutter means..

27. In a portabie alr velocity meter of the class
described, the combination of & casing, an air
channel in said casing increasing in area towards
its outlet end, a moving ‘system- comprising a
vane closing the major portion of said channel .
and movable about a pivot axis disposed sub-
stantially -at right angleés to the channel for de- 7

Bl - .
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flection by the air flow therethrough, a spring
opposing such motion of the vane, an indicating
device associated with said moving system for
glving direct readings in terms of air velocity
from the deflection of said moving ‘system, inlet
and outlet means comprising apértures in oppo-
site side walls of said ‘casing and the air chan-
nel being disposed so as to extend in a substan-
tially straight line between said apertures where-
by the latter can be aligned with free atmos-
pheric air currents and a substantially uni-di-
rectional air flow provided through the meter,
sald inlet and outlet means being of relatively

- large effective area for rendering said meter re-

15

sponsive to relatively feeble air currents, an ex-
tension conduit attachment comprising a stem
portion having orifice means at the outer end
thereof for introduction into a closed duct or
other region of air flow removed from the me-
ter and adapted to have its other end placed
in communication with said air channel, said

- stem portion being of substantially uniform cross

-section throughout its length for movement

" .through a relatively small aperture in the wall

- deflection by the air flow therethrough, a spring
. opposing such motion of the vane, an indicating

70

of said duct and comprising two passageways,

‘one leading from the region of air flow to the
inlet end of said air channel and the other lead- -

ing from the outlet end of said air channel back
to sald region of air flow, whereby said air chan-
nel may be selectively placed in communication

through said inlet and outlet means directly with

free atmospheric air currents in which the meter
itself is situated or through said extension con-
‘duit with an air flow at a point removed from the

meter, and means for preventing free atmos- '

pheric air currents in which the ‘meter itself
may be situated from passing through said air.
channel when said extension conduit is placed in
communication with the meter.

"~ 28. In a portable air velocity meter of the class
described, the combination of a casing, an air
channel in said casing, a ‘moving system com-
prising & vane movable in said alr channel for

device associatéd with said’ moving system for
glving direct readings in terms of air velocity
from the deflection of said moving system, inlet
and outlet means in sdld casing for passing air
through said channel from the immediate ex-

ternal vicinity of sald meter, an extension céon-

duit attachment having orifice means at one end
for introduction into a. closed duct or other re-
glon- of - air flow removed from the meter and
adapted to have its other end placed in commu-
nication with said, air channel, sald extension
conduit attachment comprising two ducts, one
leading from the region of, air flow to the inlet

end of said air channel and the other leading

from the outlet end of said air channel back to
said region of air flow, whereby said air channel
may be selectively placed in communication
through said extension conduit with an air flow

"at a point removed from the meter or through:

sald inlet and outlet means directly with an air
flow in which the.meter itself is situated, and
means for preventing an air flow in which the

meter itself may be situated from passing through .
said air channel when said extension conduit is

placed in communication with the meter.
28. In a portable air velocity meter of the class

* deseribed, the combination of a. cdsing, ‘an afr
" channel in said casing, a moving system com-

R | ]

prisinga -vane movable in said air channel for
deflection by the air flow therethrough, a spring

_the meter.

. Class described, the combination’ of

opposing such motion of the vane, an indicating
device associated with said moving system for
giving direct readings in terms of air .veloeity
Irom the deflection of said moving system, inlet
and outlet means comprising apertures in the
opposite side walls of said casing and the air
channel being disposed so as to extend in a sub-
stantially straight line between said apertures

11

whereby the latter can be ‘aligned with free at- -

mospheric air currents and a substantially uni-
directional air flow provided through the meter,
an extension conduit attachment having orifice
means at one end for introductidh into a closed
duct or other region of air flow ‘removed from
the ‘meter and adapted to have its other end
placed in communication with said air channel,
whereby said ailr channel may be selectively
placed in communication through said inlet and

outlet. means directly with free atmospheric air
currents’in’ which the mieter itself is 'situated or

through said extension conduit with an air flow
at a point removed from the meter, and means
for preventing free atmospheric air currents in
which the meter itself may be situated from
passing through said air channel when said ex-
tension conduit is placed in communication with
the meter. : '

10
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30. In & portable air velocity meter of the class =

" described, the combination of a casing, an air

channel in said casing, a moving system com-
prising a vane movable in said air channel for

deflection by the air flow there hrough, a spring -

opposing such motion of the vane, an indiéating
device associated with said moving system for
glving direct readings in terms of air velocity
from the deflection of said moving system, in-
let and outlet means in said casing for passing
alr through said channel from the immediate
external vicinity of said meter, an extension con-
dult attachment having: orifice means at one
end for introduction into a closed duct or other
region of air flow removed from the rmeter and

~ adapted to have its other end placed in commu-

nication with said air channel, whereby .said air
channel may be- selectively blaced in communi-
cation through said extension conduit with an

‘air flow at a point removed from: the meter or

through said inlet and. outlet means’ directly

‘with an air fiow in which the meter itself is sit-

uated, and means for preventing an air flow in
which the meter itself may be situated from

35
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passing through said air channel when said ex- ..

tension conduit is

31. In a portable air velocity meter fof the
a casing, an
alr channel in said casing; a moving system com-
prising a vane movable in said air channel for
deflection by the dir-flow therethrough, a spring
opposing such motion of the vane, means for sub-

stantially balanecing said. vane to maintain the '

accuracy of the meter when held at different an-

placed in communication with |

55

gles, an. indicating device associated with said

moving system for giving direct readings in terms
of alr veloolty from the deflection of said moving
system,, permahent magnet damping means for

"damping the motion of said indicating device; an

extension conduit . attachment having orifice
means at one end for infroduction into a closed

"duct or other region of air flow removed from

the’ meter, and coupling means for placing the
other end of said extension conduit in commu-

channel may be selectively placed in' communi-

_cation through sald extension conduit with an

a5 c

70

" nication ‘with said air channel, whereby said air -

76
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air flow at & point removed from the meter or

_diréctly with an air flow in which the meter itself

_ is situated.

. e

10

32. In .a portable. air velocity meter of the
class described, the combination of a casing,-an
air channel in said casing increasing in cross-
sectional area toward the outlet end thereof, a

moving system ‘comprising a vane movable in «

said ‘air channel for deflection by the air flow
therethrough, a spring oppcsing such motion of

- the vane, said moving system being substantially

balanced to maintain the accuracy of the meter
when held at different angles, an indicating de-
vice associatéd with said moving system for giving
direct readings in terms of air velocity from the
deflection of said moving system, inlet and outlet
means comprising apertures in opposite side walls
of said casing and the air-channel being dis-
posed so as to extend in a substantially straight

_line between said apertures whereby the latter

can be aligned with free atmospheric air currents
and a substantially uni-directional air flow pro-
vided thréugh the meter, an extension conduit

.attachment having orifice means at one end for

introduction into a closed duct or other region of
air flow removed from the meter, and quick de-

‘tachable coupling means fot coupling the other

end of said extension conduit in communication
with said air channel, whereby said air channel
may be selectively placed in ‘communication
through said inlet and outlet means directly with
free atmospheric air currents in which the meter

“itself is situated or through said extension con-

duit with an air flow at a point removed from the
meter. oo : T
" 33. A-portable air velocity meter of the class

- described comprising a casing, an .air channel

in said casing increasing in cross-sectional area
toward the outlet end thereof, a moving system
comprising & vane movable in said air channel
for deflection by the air flow therethrough, a
spring opposing such motion of the vane, an indi-
cating device actpated by said moving system for
giving direct readings in terms of air velocity
from the deflection of said moving system, a sub-

" stantially rigid conduit attachment comprising

a stem portion having orifice means at its outer
end for introduction into a closed duct or other
region of air flow removed from the meter and
formed with two passagewAys communicating
with said .orifice means, and releasable coupling
means for detachably coupling the other end of -

. said conduit attachment to the meter casing with -

_casing whereby said casing can

said two passageways communicating with oppo-
site ends of said air channel, said conduit attach- .
ment constituting a substantially rigid self-sup-
porting extension when coupled to said meter
function as a
supporting handle for maneuvering the orifice

‘end of sald stem portion into different positions

in the air stream. v T

34, A portable air velocity meter of the class
described comprising & casing, an air ¢hannel in
sald casing, & moving system comprising a vane
movable in said air channel for deflection by the
air flow therethrough, means for maintaining the
weight of said vane substantially balanced when

" the meter is operated in different angular posi-
* tions, velocity indicating means actuated by said

70
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moving system, and an extension conduit having
orifice means at one end for introduction into a
closed duct or other region of air flow removed
from the meter and having its other end con-

-nected to said meter casing in communication
s With said air channel,’said conduit constituting terms of air velocity from the deflection of sald 7,

21,127 - v , )
8 self-supporting extension from the meter cas-

ing whereby saild casing can_function as a sup-

- porting Handle for maneuvering the orifice end of
said extension conduit into different positions in
the air stream. o
35. A portable air velocity meter of the class
described comprising a casing, an air channel in
sald casing, & moving system comprising a-vane
movable in said air channel for deflection by the
air flow therethrough, said vane moving about an
axis disposed substantially at right angles to the’
direction of flow of the air through said channel,
a spring opposing the motion of said moving sys-
.tem, an indicating device associated with sald

moving system for giving direct readings in terms i

of air velocity from the deflection of said moving

system, inlet and outlet aperture means in oppo- .

site side walls of sald casing for passing air
through said channel, and a shutter member
movably carried by said casing and actuatable
from the exterior thereof; said shutter member
having an aperture of predetermined size therein

. movable into predetermined relation to one of.
said aperture means in the casing for reducing by .

a predetermined extent the effective area of said
latter aperture means for adapting the meter to
the measurement of a higher range of velocities.
36. In a portable air velocity meter capable of
-being held in the hand and of being inclined at
different operating angles during use, the com-
bination .of a casing, an air channel in 'said cas-
ing, a moving system comprising a vane movable
in said air channel for deflection by the air flow
therethrough, spring means opposing such mo-
"tion of the vane, indicating means adapted to
give direct readings in terms of.air velocity from
the deflection of said moving system, a conduit
having one end connecting with said air channel
.and having orifice means at its other end adapted
-for introduction into a ¢losed duct or other region
“of air flow relatively remote from said casing so
that velocity measurements can be taken at points
inaccessible to said casing and so that inaccura-
cies arising from, the turbulence created by dis-
posing the casing in the air stream are avoided,
means for substantially balancing said moving
system to maintain the accuracy of the meter
when held at different angles, and damping means
equally effective in any position of the meter for

damping said indica,tlng‘meansi, said balancing .

means and said damping means cooperating to
maintain the accuracy of the meter when.dis-
posed in or moved to different angles or. positions
as may be required to secure the desired readings.
37. A portable-air velocity meter comprising a
casing, an air channel in said casing, inlet and
outlet apertures for sald channel in opposite side
~walls of said casing for passing air substantially
in a.diréct straight line through sald channel
from one side of the casing to the other side, said
‘channel increasing in cross-sectional area toward
" the outlet end thereof, a moving system com-

- prising a vane movable in said air channel gen~_

erally longitudinally thereof for deflection by the
air flow therethrough, means yieldingly opposing
~such motion of the vane and operative to restore
the latter to normal position after cessation of
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air flow, means for substantially balancing said -

moving system to maintain the accuracy of the
.meter when held at different’ angles and when
moved during the use thereof, sald opposing
means being ‘equally effective in any position of
" the meter, an indicating device assoclated with
sald moving system for giving direct readings in

70
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moving system, and damping means for damping

the movements of said moving system, said damp-_

ing means being equally effective in-any position
of the meter, the arrangement of the inlet and
n outiet openings in opposite side walls of the cas-
- ing providing for movement of the meter trans-
vrrsely of the- air fiow being measured without

varying the effect of the air flow on the vane,
and the balacing means and damping means pro-
viding for maintaining the accuracy of the meter
independent of movements or change of position
thereof. ‘ :

JOHN R. BOYLE..



