
April 13, 1943. M. KNOBEL ET AL 2,316,255 
ANEMOMETER 

Filed Nov. 19, 1941 2 Sheets-Sheet 1 

Copy provided by PTCS from the PTO APS Image Data Base on 06-17-1999 



April 13, W 3 .  M. KNOBEL FT AL 2,3 1,6,255 
ANEMOMETER 

Filed Nov. 19, 194 2 Sheets-Sheet 2 

Copy provided by PTCS from the PTO APS Image Data Base on 06-17-1999 



Patented Apr. 13, 1943 

ANEMOMETER 

Max Knobel, Arlington, a n d  Robert Henry 
Packard, Newton, Mass., assignors, by mesne 
assignments, to General Notors Corporation, 
Dayton, Ohio, a corporation of Delaware 

Application November 19,1941, Serial No. 419,762 

4 Claims. (C1. 73-228) 

This invention relates to anemometers and more , Fig. 3 is  a sectional view taken along the lines 
particularly to anemometers capable of measur- 3-3 of Mg. 1 ;  
f n g  or comparing air-flow a t  low velocfties. Pig, 4 is a sectional view taken along the lines 

In attempting to measure air-flow in refriger- 4-4 of Fig. 1; 
ators, it was found that  the anemometers on the 5 Fig. 5 shows a modifled form of indicating 
market were inoperative or unreliable a t  such means: 
low air velocities. The manufacturers of ane- Pig. 6 is a n  exploded sectional perspective view 
mometers made no pretension that  their Product taken along the line 1-1 of Fig. 2 with the wire 
would measure a n  air-flow of less than  10 ft. per f rame 64 omitted; and  
mlnute. 10 3%. 7 i s  a n  enlarged central fragment of a 

I t  is a n  object of our invention b provide a section taken along the line 1-1 of Fig. 2. 
sensitive anemometer which is capable of satis- Referring now to the drawings, there is shown 
factorily measuring air-flow a t  rates below the a n  lnstrument casing 20, one end of whlch 1s en- 
limits a t  which the present anemometers are op- closed by a square tube of metal 22. The other 
erative. 15 end of the casing is provided with a n  adjustable 

It is another object of our invention to provide cap 24 whose movements are  controlled by a fric- 
a sensitive anemometer which will satisfactorily tion detent 26. The  casing is also provided with 
measure air movement of less t h a n  5 ft. per a sector-shape projection 20 having windows 38 
minute. a n d  32 on opposite sides.. The instrument is 

It is another object of our invention to provide 20 shown full size in the drawings so t h a t  it will 
a sensitive anemometer which will satisfact,orily be seen t h a t  it  is quite small and compact. 
measure air movement w i t h  refrigerators. The operating member of the instrument is a 

I t  is still anothcr object of our invention to paddle-type vane 34 of a thin light weight mate- 
provide a small compact anemometer which pre- rial such a s  aluminum foil. This is mounted up- 
s e n b  little obstruction to air movement and which ?5 0" the end of an a r m  36 formed of thin stiff wire 
can satisfactorily measure air-flow in corners and which h a s  its other end fastened to a metal strip 
other small points in space. 38. At one end of t h e  metal strfp 38 there is fas- 

In order to accomp~sh  the above objects we tened another a rm 40 of this stiff wire or other 
hsve a paddle-type vane pivotally suitable material which may serve a s  a pointer 
mourlted on a fine metal ribbon swpension with fo r  indicating pur~oses ,  or it may form some part 
an indicating arm extending in the opposite di- of the indicating means. The  metal strip 30 is 
rection from the paddle-type vane. The vane by a very fine ribbon' It may 

either be fastened tc~ a single continuous strip of and  the arm together are so proportioned a s  to  ribbon, or the metal ribbon may be in two 
be in static In Order to 35 parts,  a s  shown. The metal ribbon 42 has its one further increase the sensitivity of the  instrument end fastened adjacent the end member 30 
and to enabie the instrument to be read from a the other end of the ribbon 42 is fastened to the 
remote point, such as  outside of the refrigerator, spring anchoring member 4 4  wNch is mounted 
t h e  indicating arm is provided with a shadow in the end of the casing 20 in such a way that 
vane or shield which cuts a beam of light extend- 40 i t  may be rotated for factory adjustment pur- 
iag a photoelectric cell which controls a small poses, Adjacent t h e  other end of the metal strip 
electric current which in turn is amplffied and 38  another piece of similar metal ribbon 49 is 
measured by a galvanometer type instrument fastened by solder o r  other suitable means. The 
which is calibrated to indicate the flow of air  in other end of this metal ribbon 46 is fastened 
feet per minute. 48 t h e  spring anchoring ring 48, provided with a 

Further objects and advantages of the Present projection 50 extending into a notch 52 i n  the 
invention wi11 be apparent from t h e  foilowing adjustable cap  24. m e  ring 48 is provided with 
description, reference being had to the accom- a n  accurate slot through which extends a clamp- 
~ a n y i n g  drawings, wherein a preferred form of ing screw 54 which may be used to prevent ad- 
the  present invention is clearly shown. 50 justrnent of the instrument when deslred. 

In  the drawings: I n  t h e  modified form, a s  illustrated in Fig. 5, 
Mg. 1 is a sectional view of the  instrument t h e  a rm 40 is provided with a pointed end 56 

taken along the Unes 1-1 of Mg. 2: which cooperates with a scale 58 preferably cali- 
Fig. 2 Is a sectional view taken along t h e  lines brated t o  directly indicate air  movement in feet 

2-2 of Mg. 1: 65 per minute by the effect of the flow of air upon 



the paddle vane 34. The metal ribbon sections 84 is located substantially 180" from t h e  pointer 
42 and 46 normally tend to hold the  paddle vane 66 or the shadow vane 70 and  is of substantially 
in  a neutral position when there is n o  air  move- t h e  same mass and moment of inertia, so that 
ment. However, when the instrument and par- the entire mass which is supported upon the rib- 
titularly the  paddle vane 34 Is placed In the  pa th  5 bon suspension will be in substantial static bal- 
of air movement, the paddle vane will be de- ance, so tha t  the instrument may be used i n  any 
flected and will rotate about the axis of the position substantially equally well. Upon the 
metal ribbon sections 42 and 46. These metal outside of the  window 32 1 provide a small l ight  
ribbon sections are  always kept under adequate bulb 72, such as  is commonly used for flash lights. 
tension by the spring anchoring members 44 and  l o  This light bulb 1 2  is provided with a suitable re- 
48, each of which have a cantilever-shaped spring flector 14  so that  its light would be directed 
section. The metal ribbon suspension provides through the window 32. The bulb 72 is provided 
a resistance to the movement of the  paddle vane with electric energy from a suitable source 76 
34 in accordance with the deflection of the vane, which may be provided with a suitable voltage 
The deflection of the vane 34 by the air striking 1;; or current control 78 so that  the  current sup- 
one of its faces provides a n  accompanying de- plied to the bulb 72 and the  light emitted by 
flection of the pointer 56. The scale 58 is call- the bulb 12 will be as  substantially unironn as 
brated and cooperates with the pointer 56 so t h a t  possible. 
the deflections of the paddle vane 34 may be read Upon the other side of the instrument adja- 
directly in feet per minute of air movement upon 20 cent the window 30 I provide a photoelectric cell 
the scale of 58. The metal ribbon type of sus- 80 which may be connrctcd through long flexible 
pension makes it possible to measure air move- electrical conductors to the amplifying device 82 
ments of less than 5 ft ,  per minute. If it  is de- connected in turn to a galvanometer type in- 
sired to make the instrument even more sensi- strument 84  which will provide a visual indica- 
tive it is only necessary t o  increase the size of ,I; tion of the current controlled by the cell 80.  The 
the vane 34. shadow vane or shield 70  is so shaped that  with 

The metal ribbon suspmsion together with the increasing deflection of the paddle vane 34, a n  
paddle vane 34 and the indicating a rm 4 0  form increasing amount of light. from the bulb 72 will 
a mass urn11 the metal ribbon suspension which be allowe3 to pass through windows 32 and 30 
h r s  a natural period of vibration. In order to :{,, to the photoelectric cell 80 which in turn will 
eliminate as far  as possible the effects of this provide a n  electric currcnt substantiaily in pro- 
natural period of vibration upon the operation portion to the deflecllcn of the vane. The gal- 
of the instrument I have provided a n  oil vibra- vanometer instrument 84 is provid_Bd with a scale 
tion damping device. For this purpose, within properly calibrated to read the deflections in feet 
the casing 20,  I have provided a small oil trough :;,j per minute of the air flowing in the immediate 
62 which is sufficiently narrow and small to hold vicinity of the paddle vane 34. Thus this pro- 
oil therein by capil!ary attraction. Projecting vides an arrangement which makes it possible to 
into the oil held in  this trough 62  is a flne wlre read a t  a remote point the air movement con- 
61 which is fastened to the  metal s t r ip  38.  The  tacting the  paddle vane 34 and a t  the same time 
oil In the trough 62 resists any rapid vibrating 41) through the photoelectric cell and amplifying ar- 
movement of the wire 6 1  and thus acts a s  a vi- rangement the sensitivity is increased bemuse 
bration damper to eliminate to a. great degree through the amplification it is possible to cause 
the natural period of vibration of the metal rib- t h e  galvanometer type instrument LO deflect a 
bon suspension. greater amount than the simple pointer 56 shown 

In order that  the instrument may be readily 2, in Fig. 5. 
p l a c ~ d  in various positions to  measure both hori- While the form of embodiment of the inven- 
zontal and vertical air-flow, I have provided a tion as herein disclosed, constitutes a preferred 
thin wire frame 64 so that  the instrument may form, it is to be understood that other forms 
be laid down upon any flat surface i n  either a might be adopted, all coming within t,he scope 
horizontal or vertical position. However, if de- ; ( I  of the claims which follow. 
sired, the wire frame may be so formed that the What is claimed is as  fcllovis: 
instrument may be laid down in other positions. 1. An anemometer comprising a plurality of 
The wire frame is so thin that  it will not mat,e- spaced supports, a metal wire suspending means 
rially obstruct the flow of air  and i t  is only the extending between Lhe supports, spring means 
general L-shaped portion of the instrument dis- .;: adjacent one of the supports for keeping the wire 
closed in Fig. 1 which presents any material ob- stretched between the supports, a plu~ai i ty  of 
struction to the flow of air. arms mounted upon said suspending means, a 

I n  many cases, the reading of the  instrument vane exposed to air flow mounted upon one of 
direc'ly upon a scale such as is illustrated in the arms, a n  indicating means provided upon 
Fig. 5, would disturb the air measurement sought ,;,, another of the arms. 
to he measured. Also, it  is often desired t h a t  2. An anemometer comprisir.g a plurality of 
the indications of the air movement be read a t  spaced supports, a metal wire suspending means 
some remote Point, for example. when it is de- extending between the supports, spring means 
sired to measure air movement witt?in a refriger- adjacent one of the Supports for keeping the wire 
ator, the opening of the door to read the instru- 1;; stretched between the supports, a plurality of 
ment would disturb the air movement sought to arms mounted upon said suspenrlirlg means, a 
be measured. I have therefore provicled a means vane exposed to air flow mounted 11pon one of 
by which the instrument provides the indication the arms, a n  indicating means provided upon an- 
of the air-flow a t  a remote point and a t  the other of the arms, and an sdjusting means for 
same time makes the instrument even more sen- '70 twisting one end of the suspending means to 
sitive. adjust the operation of the arms. 

For this purpose, in the form shown in Figs. 1 3. An anemometer comprising a plurality of 
to 4 I have provided a shield or shadow vane 7Q spaced supports, a metal wire suspending means 
upon the upper end of the a rm 40 instead of a extending between the supports, spring means 
Pointer. In either embodiment the paddle vane 7 8  adjacent one of the supports for keeping the wire 
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stretched between the supports, a plurality of 
arms mounted upon said suspending means, a 
vane exposed to air flow mounted upon one of 
the arms. a light source, a light responsive means 
located in the path of light from said light 
source. and a shield carried by another of the 
arms for disturbing the passage of light from 
said light source to  said light responsive means. 

4. An anemometer comprising a plurality of 
spaced supports, a metal wire suspending means 
extending between the supports, spring means 

adjacent one of the supports for keeping the wire 
stretched between the supports, a plurality of 
arms mounted upon said suspending means, a 
vane exposed to air flow mounted upon one of 

G the arms, an indicating means provided upon 
another of the arms, a trough of capillary size, 
a liquid held in the trough by capillary action, 
one of said arms extending into contact with the 
liqufd in said trough for damping vibrations. 
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