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;. +The nresent experlments are an extens1on of the in-
.vestigations which were published in 1929.** That publi-~
cation, however, did not embrace the guestion of viscosity
effect, In order to clarlfy this effect some experiments
were made in the Gottlngen low-pressure tunnel with the
same Bruhn double-throat Venturi tube (fig, 1), which was
used .in the preceding .oxperiments. This type of tunnel
"maLos it poss1ole to“vary the pressurc and thcreby the
=denq1ty with r1in ‘wide 11m1ts ‘and: conscquently, to oxamine
"the” v1scosity offoct Jnfortunately, the lack of auto-
matié control of pressure and tomperaturc made it impo&-
;8ivle to maintain ‘the- dens1ty ‘P constant in tho test
scction. This,’ however:,’ did not - impalr tho results be-
cause -presgsura. and. tomperqturo were detormined at differ-
ent: poriods,. It morely ‘has a' slightly disturbing cffect
on.-tixo. clearness: of. the: roprescntatlon whon the direct:
test p01nts aroe con91deroi

;~,ﬁu1t1n11catlon:;actor K.=- If - py "is the pressure,
vyg the speed, and P, the density in the test section
of the w1nd tunnel (in. the outside space, respectively),
and" . py, - vy, and P,"represent the correspondlng quanti-
ties 1n the. test sectlon of tne multl throat Venturi, we
have - :

*¥@ihfluss der Zahigkeit bei Geschwindigkeitsmessungen
mit Staudruc5mu1t1n11Vatoren. (Brulhnsche Venturi-Doppel-
duse. )" ‘From Zeitschrift fur FlugtechniL und MHotorluft-
schiffahrt, June.15, 1931, pp. 321-323, published by R,
Oldenbourg, i !uplch and Berlii.

*x%, - Peters; "Uber den GultIgLeltsbereicn der StaudrucL—
messung @it Staudruckmultlpllxatoren,“ Zeltschrlft fur
Flugtechnik wund } otorTuLtscH1ffahrt Feb 28 1929.
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Factor K is directly affected by the shape and per-
formance of the instrument. Moreover, an effect of the
Reynolds Number R = v}ﬁ €. that is, of ‘the viscosity
P - (p,t) and the ratio _§ (a = velocity of sound) is
‘to be expected. The characteristic cross séction of the
double-throat Venturi is its narrowest section, hence it
is quite natural to refer the Reynolds Number to this sec-
tion, : :

‘R=Vidi pi
‘ff;‘*“

.- Hereby it is profitable to choose the dynamic viscos-
ity. u conformably to the temperature in tho wind strean,
i.e., in outer space. Now it is seen that in this Venturi
tube the factor K as function of R 1is independent of

the ratiO;,g up to a point where the velocity of sound in
tho narrowest soction, that is, v3; = a, 1is reached,

. This independoence becomos readily apparocnt in Figure 2,
which ronders the measured K values as function of R.
Upon attaining the velocity of sound in the narrowest sec-
tion, the passing mass, that is, v3 Pj, romains constant
according to the dynamics of gases, Consequently, the
Reynolds Number no longer changes in spite of the rise in
specd V.

But for practical purposes the dependence of factor
K on the prossurc difference pg -~ p; is of primary in-
terest, and for that reason the dependence K = f (py -
pi) must be reduced from K =.f (R) and pressure p
and temperature t be introduced as parameter. Figure 3
shows K = f (ps - pj) for various pressures p, (in kg/
m?). and for temperatures t = - 40°, 0%, and + 40°C.

The'indicéting ingstruments record for the greater
part a specd v = ,/ g Béué_gl. Wow if it be assumed
that the setting of these instruments be such as to indi=-
cate correctly the speed vy at a stated pressure pg
and temperature t,, it would, at other pressures and
temperatures, entail corrections of the order of

_‘_O_'
P

< T‘;d
il
L)

T
T, K
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T = absolute temporature. K, and K are to be taken by
oqual prossure difference pg, - pj and conformably to

Po and t, -and ‘p ‘and 't, respectively. For example, . at
8000 m, Whlch is equivalent to a pressure p-~ 3000 kg /m?
and a temperature t & - 40° the instrument indicates

a speed 80% too low, if at sea level 1t indicates- correct-
1y at py = 10,000 kg/m® and t, = 0°. But the Bruhn
type tube does not entor’ into the question as navigatlon
instrument; it meroly serves to check the flight position.
_Honce it would bo moro ‘appropriate to rocord thc dynamlc

2 _- Py - Py
the indicating instrument is likewiso designed to yield a
corroct roeord of the dynamic pressure gq, at prossure
P, and temperature t,, the correction to be effocted

for arbitrary pressures and arbitrury temper tures, is of
thc otdoer of L Lo

prossure q = % v rather than the spoed, If

a _ I
. ) E °

' Thus, Figure 4 affords, for illustration, 'éL = £ (qq)
: sl : 35 .

for tomperaturer t = 0. and various pressures p, where
it was assumed that g, 1is-correctly indicated at py =
10,000 kg/m® and t, = 0%, It will be observed that
éL is uraffocted by qol withip'thezlimits of excct meas-
o .
urement and interprotatlon, so that’

q ‘
, —_— = £ (P at) :
90 .
. . . . 'y ‘ “ ~ q :‘
gay‘be assumcd Figure 5 shows . = f (p) at tpmpepa—

, ‘ _ o "

tures . t = - 40° 0%, and + 40° ' which, applied to the
same exXample as above, means that the 1nstrument records
tne dynamic pressure 15% too low, '

‘Range of validity.- -In the previously published re-
port it was shown that the pressure difference py - Pj
remained practically constant even by further rise in
spced as soon as the velocity of sound in the narrowest
scction had becen rcached, thus making it impossibdle to do-
termine the dynamic pressurec from tho prossure diffeoronce,
The maxlmum dynamic prossure, still recordcd, 1s computod

at
_ 1=
Umax = ~ §_ Pa’
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where ot oo
oK K
' - K- k-1
Pil [ BN ve2 Py 1l k-1 .
el .. T EFL) T TE g, TR is
f’?,crit R Pa

Satlofactorv agreement w1th these figures may be ex-

.pected when- the tést. section and the narrowest section |
coincifle.. Byt ‘the test section of the investigated dou-
ble-throat Venturi was slightly to the rear of the narrow-
est seétion and already in tho enlargod soction, The ro-
sult is a higher prossure than in the narrowest soction if
tho gpeod in the latter is oelow sound velocity (diffuser
eflect) but upon reachlng sound velocity, further expan-
s1on in the sectlon enlargement is possible, and the pres-
sure in thé test section may consegquently bocome lower,
However, this second expnnsion cannot continue indefinite-
1y, becau o the pressure in the oxit soction of tho dif-
fuser is alway° higher than in the narrowest soction,

The result is a pressure shock in the diffuscrs This
shock may be :gtraight or oblique and may,;: according to the
dynamics of gases, travel from place to place, affectod by
the pressuro in the exit section of the d1f1uoor, by the
boundary layor and the’ sllghtest changes in diffuser shape

and surface conditions, This makes the reproducibility of
the pressure shock on the same place very problematlcal
even for the same 1ozzle. The pressure p; in the test'
section now depends on the moint at which the pressure -
shock occurs, Figure 6 shows the results of measuring

a s Lo f(vy) in the range of critical prossurc ratio

and the computed value "1 = A= f£(vy) for tho narrowost
soction, Aécording to this it secms as if the prossure
shock with.respect to density P, or bettor, to the Rey-
nolds Numbor roams over the. test section, as if at large
Reynolds Numbers the shock occurrcd back of tho test sec-

tion (hence,_(g - pl\ > 1 = A) ~and at small Reynolds
' Po  /max .
Number in front of the test section dlrectly aft of the
narrowest section (hence, ( 2 p¥ < 1 =AY
pa, L m.ax . .

For practlcal;purposeS'the working<%ange is limifeﬂ~n
to : T S e AR : A
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Pay = P\
/;é___;l) S 1~ AN B 0,45 to 0,42

Figure 4 shows the limiting values for 1 =« A= 0,45 and
0e42, Writing

- Pa
Ypax = (1 =A) K,

alig

(1 - N %ﬁ may be expressed as function of p, (fig. 7),

o L 5 whi . _ K _ .
and from Figures 7 and 5, which donoto =g = £(pa),
9o
the maximum dynamic pressure qp,yx, s8till indicated by
the multi-throat Venturi can be computed for different
pressures and temperatures.

Tyranslation by J, Vanier,
National Advisory Committese
for Aeronautics,
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Fig. 2, Multiplication factor K as function of the Reyrolds
Number for different air densities.
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Fig.3, Multiplication factor X as function of the pressure
difference for different pressures and temperatures.
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