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TABLE 11.-Dry periods in SS years by months for 12 stations TABLE 111.-Dry periods at stations in 33 years-Continued 
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TABLE 111.-Dry periods at stations in 99 years 
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DYNAMICAL PRESSURE EFFECT ON THE FRIEZ-TYPE AEROMETEOROGRAPH 
By LOUIS P. HARRISON 

[Weather Bureau, Washington, D.C., June 19331 
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As is well known, the motion of air relative to an 
exposed object in general produces an excess of pressure 
over the static (or barometric) pressure on its wmdward 
side and a deficiency of pressure on its leewwd side. The 
pressure which is recorded by an aerometeorograph 
mounted on a moving airplane is, therefore, subject to 
a t  least two influences which cause it to differ from the 
static pressure of the air a t  the same level. First, the 
motion of the airplane relative to the air produces a 
considerable deficiency of pressure for some distance 
above the wings and nn excess of pressure for some dis- 
tance below the wings. Second, the stream of air blow- 
ing pa.& the aerometeorograph produc.es dynamical 
pressure effects such as are described in the first sentence, 
the reference pressure being what the pressure would be 
a t  the location of the aerometeorograph if the latter were 
absent. 

The first source of error ma.y be partially overcome by 
mounting the instrument on a biplane a t  some location 
between the wings where the effecks of the upper and 
lower wings neutralize each ot'her. In  general, this posi- 
t,ion has been estimat,ed to be somewhat nearer to the 
upper wing than t80 the lower, perhaps about two thirds 
of the way up, a.nd perha.ps two thirds of a chord length 
back of the leading edge of the upper wing. A difficulty 
is thnt the best location changes with change in angle of 
attack, etc. In the case of monoplanes, the instrument 
should be mounted as far below the wing as pract,icable 
and perhaps one half to two thirds of a chord length 
back from the leading edge. In  any case, other dis- 
turbing elements, such as struts, etc., should be avoided 
as far n.s possible. 
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If the instrument is mounted in a place where the 
effect of the wings, struts, etc., can be considered neg- 
ligible, the second source of error can be corrected for by 
the use of data obtained from wind-tunnel measurements 
and readings of the indicated air speed of the airplane. 
Such data for a Friez-type aeronieteorograph (see figs. 
1 and 2) have been obtained a t  the Aerodynaniic Labora- 
tory of the United States Bureau of Standards. 

In  the observations to this end, the instrument was 
mounted a t  the center of a wind tunnel. To determine 
the dynamic effect, two small copper tubes were intro- 
duced into the instrument with the open ends near the 
sylphon pressure element, one a t  the side of the element 
pointing vertically upward, the other a t  the top of the 
element pointing horizontally. These tubes were con- 
nected through valves to one side of an inclined manom- 
eter of approximately 5 to 1 slope containing benzol. 
The other side of the manometer was connected to a 
small hole in the wall of the wind tunnel within which 
the air was n t  the static pressure of the tunnel. By this 
arrangement, sniall pressure differences could be ac- 
curately measured. Each tube could be connected in 
turn to the manometer. No significnnt diflerence was 
observed between the readings of the two tubes, and the 
average values were used. 

The observations show-ed that the dynamic pressure 
effect caused the instrument to rend too low, and that 
this deficiency of pressure, A p, w:is proportional to the 
velocity pressure ,'hp v2, where p =density of the air, and 
v = velocity of the air. Thus, with the instrument in the 
normal flying position (0' yaw) and over a range of 
speeds from 30 to 95 miles per hour in the tunnel the 



(To face page p. 140) M.W.R., May, 1933 

FIQURE 1.-Side view of the Friez type Aerometeorograph with cover closed. The leading edge is on the left. the ventilation holes are on the right. Length from leading 
edge to rear=&% inches, w idth=l  inches, height = 10 inches, aiproximately. 
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FIGURE %-View of Aerometeorograph with cover removed. 
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ratio Apl>5pv2 wa.s foiind to average 0.207, with individual 
values showing a maximum va.riat,ion of 7 percent and a 
mean variabion of 3 percent from t’he average. 

Measurements were made a t  angles of yaw up to 60° 
with the result8s given in the t’sble below, the application 
of which is obvious from the basic relation: 
Ap = kv?, where 
A p  =dynamic pressure deficiency in m m  of mercury. 

i i 8 =  “standa.rd” (or indicated) airspeed, in miles per 
hour (referred to standard density of 0.07651 
lbs./ft,.3). 

12 =constant for a given angle of yaw. 
TABLE 1 

O.oooly0 . UM2W 
.ooo?43 
,000287 
.000353 
.ooo3YG 
.000399 
.000.135 
.000407 

about Yi inch wide and about 7?< inches long, bent a t  an 
angle of approximately 45O, hehind the side ventilation 
holes. At 0’ angle of yaw, with the flaps, k was found 
to be 0.000017, and a t  15O, k was 0.000094. With this 
arrangement, the effect is less than 0.3 nim a t  100 miles 
per hour for small angles of yaw. 

The use of flaps greatly increases the ventilation of the 
temperature and humidity elements, whence the question 
arises as to the possible effect of the strong air currents 
on the indications of these elements. Tests made to 
determine this effect were inconclusive because of the 
vibration of the tunnel and the  OW speed of the drum. 
However, the effect was not very large and possibly map 
be avoided by the use of baffle plates to direct the air 
currents withn the instrument. 

Acknowledgement is made to Dr. H. L. Dryden and 
his associates of the Bureau of Standards for their kind 
cooperation and for making the wind tunnel measure- 
ments and experiments as well as the necessary calcu- 
lations. 
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ANALYSIS OF THE PRECIPITATION OF RAINS AND SNOWS AT MOUNT VERNON, IOWA 

By S. FRANCIS WILLIAMS and 0. KENNETH BEDDOW 
[Cornell College, Mount Vernon, Iowa. June 19331 

Under the direchon of Dr. Nicholas Knight8, Cornel1 
College, Mount Vernon, Iowa, has for t,he l:i.st 24 years 
carried on a,n analysis of the rain and snow precipitated 
here. The results of much of this work have be,en pub- 
lished in periodicals of :t scient& nature. 

The precipitations are collected in clean grmite pans, 
away from trees and buildings, and stored in glass 
stoppered bottles. The, town has no factories and, 
exclusive of the college, has :t populat,ion of about 1,700. 
The sulphuric mid found, therefore, conies mainly from 
the coal used in private heating plants. It is worthy of 
note this year there has been a lack of sulphuric acid. 
We have never found so little sulphuric acid in the rains 
as we found the past winter. This inay be due to the 
depression. The coal burned in heating plants contains 
sulphur which in burning becomes sulphuric acid in the 
atmosphere. The poor people b u r i d  w-ood which was 
furnished them, or by cutting it, they could obtain their 
fuel very cheaply. One of the local coal dealers claims he 

has sold no coal to the people living in t8he count,ry. 
Hence the depression aff ect,ed the nt8mosphere a.nd c.onse- 
quently the precipitations. 

It has been found necessitry to  deduct 3.55 parts per 
inillion from the reading to a,llom for the formation of the 
color in the test for the c.hl0ride.s. Six drops of the 
potassium dichromate indicator mere used. Due to 
some c,ritic,ism spec,ial care has been taken in the analysis 
of the chlorides, which, wf ter c,onsiderable work, we have 
reason to believe c,orrect. The phenoldisulphonic acid 
method was used with the nitrates. A11 of the samples 
were colorless. 

The method used in the analysis are taken from the 
Standard Methods of Wat’er Analysis, sixth edition, 
published by the American He,nlth Association. 

The results of the school year 1931-32 :we expressed in 
tables 1 and 2. The numbers iudicnte the parts of the 
various substances in a million parts of water. We 
examined 48 samples of ruins and snows. 


