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~ECHHICAL ~EMORANDUM NO. 913 

MEASUREMENT OF THE TRUE DYNAMIC AND 

STATIC PRESSURES IN FLIGHT* 

By Georg Kiel 

The apparatus for measuring t he dynamic pressure in 
flight is almost without exce pt ion located in the disturbed 
velocity re gion of the wing. A con siderab le number of er
rors thus arise in the indications of the dynamic-pressure 
head a~d in the altimeter connect ed to the stat ic-p ressure 
head of the instrument. In the cas e of the biplane, there 
exists a region between the uppe r and lower wings in which 
the velocity is that of the undisturbed stream~ In the 
case of the 3 0noplane, however, with in the r~gion where the 
instruDont may be p r actically i ca talled, no position can 
be found at which the velocity i s undisturbed and independ
e n t of the flight condition. In this report, two reliable 
methods are presenteci , with the ai d of which the undis
turbed fJi ght dynaDic p re.ss~re and the true static pres
sure may be determined without e rror. The second nethod. 
developed by the author, is read. ily applicable and in any 
Case r epresents a satisfactory so lutio n .·· 

E,TRO DU C T I Ol-I 

As a re sul t of the disturbance flow about the wing, 
the speed instru~cnts Dounted on the airplane in geceral 
i ndicate a value tha t deviates from th e true dynamic pres
sure corrcspo nd i~ ~ to th e fli~ht velocity. The error i n 
the indication depends on t h3 p oi n t of installation and on 
t he fli gh t condition. It i s of int e rest to know the actua l 

*" Bc itrag zur wi r klichkoits g ctreu0n Messung des Flugstau
d r ucks ui.1d statischon Drucks." 11.lftf ah rtfor s chung, vol. 
15, no . 1 2 , Doc . 10, 1938 , pp . 5J~5 -97. 

**Th o fliGht neasurements were carri od out by the author 
at the Deutsche V e r suc~snnsta lt f~r Luftfnhrt, Bcrlin~ 
Ad l o rshof , I ~G titut ffir FluG~8 chanik, an d. the author here
with nck~ owl o~ges th e ass ist ~n ce of th e DVL. 
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fli Ght dynamic pressure not only in measurements of a 
scientific character but in practical flight operation, 
particularl y for air traLs p ort. 

I t is possible of course, by calibration fliGhts at 
a definite wing loading, to obtain the correct board in
strume n t reading by a corres pondin g change i n the scale, 
but i n that case the correct readin G wi ll be obtained 
for only this one loadin g co ndi tion of the air plan e . 
Si n ce th e loc a l effect depends on the circul ation , that 
is, on the lift coefficie n t, the e ffect chan ge s with 
change in flight a ttitude. As soo n a s the win g loading 
deviate s from that corr e spondi ng to th e calibration , the 
r eadi n ~ s will again be in e rror d ue to the change d lift 
Goeffici en t although the dyn &mic p ressure r ema ins the 
same. It is particularly under modern fli ght conditions 
whe re large distances nust be cov e red a bove the clouds 
or in blind flight that a knowled ge of the true fli ght 
dynam ic pressure, that is, actual fli gh t velocit y , is of 
con side r able importan ce. 

It is for t he above reason t ha t for som e years past 
mo..'1Y ai r p lane manufac tur in g firm s ar-d p a rt ic u la rly the 
German Lufthansa h ave felt the d esirability of p ractical 
investi Ga tion s on the mos t f.avorable method of measuring 
the dynamic p res sure in fli ght. In countries outside 
Germany it vas also recognized t hat th e p resent methods 
of d e t e r mi na tion o f the fli Ght vel ocity are still very 
impe rfect. Thus M. Gould Beard at a s es sion of the 
American Society of Automotive Eng i neors in Los An ge les, 
October 19 3 6, in n paper on problems i n the testing of 
transport airp lanes (refere nce 1) also discussed velocity 
measurement. He exp ressly emphas i zed that the develo p 
men t of tr anspo rt a irp l anes has con s id e rably raised the 
a ccuracy r equl renen ts of the navi ~a ti n e apparatus a nd the 
increase in a irpl ane size has mnde tho pilot to a g reater 
extent dependent on the velocity censuri ng ~pparRtus. In 
his pape r he laid particular emphas is on t he fact t ha t in 
the future comprehensive and practic n l tests will have to 
be co nducted toward the solution of this problem on ac 
count of the im po rt n~cc of blind t ake -off and blind land
ing. The me thods prese n ted below f or the nccura~e meas
ure me nt of the fli g~t dynnnic pressure arc d esi gn ed to 
mee t this p ractic a l r oquireoent. 

In t ho cours e of ny investi ga tio ns I hnve found that 
a ll attenp ts at the solution of t h is p ro b l en by theor et i
cal c ooput a tions failed. It is n o t pos sibl e with th e 
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pr e s ent airfoil theor y to predict the field of flow in the 
irnc ediote neighborhood of the wing with the accuracy re
quired for pr a cticnl flight operntion and with a reasonable 
aoount of cooputation~ It is t h erefore atteopted in this 
p a per to solve the problem chiefly through practical flight 
te s ts. 

n o t a tion 

v, velocit y o f flow in nei gh b orhood of win e . ( rn /s). 

v ~ . tru~ fli c h t v o l ocity, vel ocity o f undisturb e d 
f low, ( Dis). 

q, dy nan ic pressuro in n e i r:;hborhood of ",dn g , (k g/m 2 ). 

~~ , dyn~~ ic p r e s s ur e correspo ndin g to u nd isturb od 
ve locit y , ( k ~ / m 2). 

q 
a t 

E: , s e t t i l'l g 0 f II C CD P G n sa t in g ".>/ i n g II 1:1 i t h r e s p e c t t 0 

wi ng c ho r d , pos itive with i rt cr e asin~ an g le of 
n. t t a c k. (.::. c g . ) • ( Se e fi g . 8.) 

l\~ , t o t a l p r e s s ur e , ( kG/ m 2) • 

1J • st at ic p ressur e , ( lec; l m2) • 

Subsc r ip t 0 d e n ot es u I)p er si ele of win g . 

Suo s c:::'i l) t u d en otes 1 01,'fe r si de of wi nl!. . 

Sub scri p t x den o t e s l o c ~ ti on of connectin~ tube at dis
t ance x fro m inl e t se ction . 

6 u = pu - Po ' st a ti c p r es sur e diff e r en c e b e twe e n u p 
pe r a ;.ld lo\·!c r s in.e s of wi ng , ( kF, / c 2 ). 

l c~~ t h o f co ~nc cti n~ tuba ceasur ed 
( 7, a rr owi ::,.e i n s 0c ti on ) t o cx it, 

from entrance 
( rn ) • 

r, i nne r r edi us of co n n ectin g tub e , CD). 

u, D0~n ve l ocity i n t~ e con n ecti ng tube , ( o /s). 
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IJ., viscosity, (k g/m Z ) • 

p, air density, (kg z /m 4
) • 

v = 1l!., kin ematic viscosity, (mz/ s ). 
p 

R = ur Reynolds Nunber. --, 
1) 

THE FIELD OF FLOW .ABOUT THE WI NG 

I n o rd e r to hring out the d ifficult ie s to which the 
n e c surenent o f t he dynamic p r essure c orr e s pond in g to t h e 
undist urbed velocity i ~ fli ght is s ubj e cted, the field of 
f low a bout the wi ng will be b rief ly con side~ed. Figure 1 
sho ws the v e locity distribution in the neign borh ood of a 
Joukowsk i profil e a ccording to th e computati on s of F. We ini g 
(reforence 2). Th e curves show the lines of e qua l speed of 
f low. Fi gur e 2 shows as a furt her example t he r es ul ts of 
English win d tunnel measurenents (reference 4 ). It i s of 
interest first t o con sice r t ho se positions at whi ch t h e un
dis turbe d flight speed Voo occur s . I n fi Gure 3 these 
c urves, corresponding to various lift coe fficient s , arc col
locted in a s in g l e diagra~.* At c a = 0 there are four 
curves a l ong which t he true flight s~eed is ma int ained 
(v/v oo = 1) . Comparin 6 the fl ow patte r n s for the different 
values of c a ' it is seen t ha t t he r e is a sharp c hange 
wi th the lift co e ffic ie nt in all lines with constant v/v oo• 
At l a rge lift c oeff ici e nts, of th e f our lin es of undisturbed 
f low speed on ly t wo r ena in. As a s in gle excoption. th e re 
is a relativ e ly small chan g e in the curve of v/v oo = 1, 
s t a rti ng in th e neighborhood of the wing tr a ilin g cdge. 
Also its o ri g in recaLlS alnost unchanged . Va rious investi
ga t ~ rs propose i ns trune nt l ocations that a re approxi-
na t ely in the nei ghbo r hood of these li n es. These posi
t io n s are in d icated in fi gur e 3 . Acc ord in g to A. Lap r es le 
( r e f e re n c e 6) the nost fav or a ble l ocati on lies at a dis
tance of 25 pe rcent of th e win g c hord behin d the trailing 
edge ahd 35 pe rcent above it . K. Hilding Beij (refer en ce 
8 ) r epo rts on fli Gh t tests of t ~e Pio~eor In s trunent OOD 
pan y, who used p rofile GB 387 for which t he p ressure noz
z le was l ocated a t 0.2 of t he win g chord behin d and 0.4 
of t he winG ch o r d above t he tr a ilin g edge . The value 2.4 
kn/h is g iven a s th e l a r gest e rr or . t-Io re r e c en tly, Von 

*Se e e ls o the work by Wieselsb e r Ge r under reference 5. 
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5~umh~uor (rof0ranco 11) h~s conducted sinila r flight 
tests and also wi~~ - tunn01 t ests . He found the nos t fa
v o r ab l e loc a tion t ~ be 8 . 3 percen t of the win G chord ahead 
of t h e wi n ~ trilinc od Ge end 8 . 3 per ce nt of the win~ chord 
above the up~ or s i de of the win g . 

v q 
at any position of the dis -Th e r a tio or 

v co qco 

tur b ed flow abou t the airfoil is not only a function of 
t he position , bu t ~ ls o d e p ends on t~e an g le of attack or 
t h e str enG th of circul n tion, i.e., on t he fli Ght atti tude. 
In th o case of the Llono jj l ~, nG it is not possib l e to ·J bt~in , 

fr 0D a p itot-static head instrUDcnt l ocated at a definite 
:p 'JsitioIl on t he ',vin G, t h e truG clynan ic p ressure reading 
or e ve ~ a con s ta~t nult i p lo of it over t h e entire fli ght 
r 8,11 GO. 

For t h e c a s e o f t ~c biplane, the con d itions are core 
favorable (references 1 3 a n d 14) . ~i gur G 4 shows the ve
l oci t y distribut io n f o r a b i p l~ne accordin g to conputa
ti ons of P. Rude n . ~he circul ation about the upper win g 
in ~uc es a dec r eas e in v e locity betwee n t he surfaces of the 
b i p l ane w~ il o the circul a ti on a~out the lower wing induces 
an incro as e in v e l ocity . Conside ri n g now t he flow pattern 
between the t wo bi p l a ne win ~ s, p ositions nre found at 
which t h o decreased vel ocit 7 due to tho u p per win g i s 
cqu~l to th e inc r eased v e l o ci t y due to th e l ower win g . At 
t hese ? ositions the r esult an t v oloci ty thus corresponds to 
the un d isturbed fl ow velocity. It will b e further shown 
by fli ~h t Dcas ureocnts t ~ nt t ~c sc pos it ions of undisturbed 
flow velocit~ are in tho no r n nl fli ght ran g e practical ly 
unaffected by the fli ght at t ituu e . 

FLIGHT-TEST RESULTS ON THE DYNAMIC PRE SSURE DISTRIBUTION 

FOR THE MON OPLANE 

Theoretical conputations on the v elocity distribut i on 
in the nei ghbo rho od of a~ airfo il a lways inv o lv e sone de
g r ee of uncertrtinty a ri s in e froD th e assunptions nade for 
t he conputation . Win d - tunnel ne~sureDents g ive better re
sults . But hore , too , t h ere a r e several factors involved 
as a result of which t he velocity , o r d yn a mic p r essure 
distribu tion, i n a ctua l fli g ht devia t es fron t hat neBsured 
i n t h e "ri Il d t u nne l. Tll ere i s for one t h in tZ the effect of 
the differen t Reyn o l ds liuDbe rs, but i n n a ny cases, too, 
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in wind-tunnel neasurcments, there is a jet overlonding 
thnt affects the velocity field about t h e win E. In ac
cur~te neasurcnent of the velocity distribution, the jet 
boundary nay playa non-negligible part. 

In o rder to lea~the actual relations involved, dy
nan ic- p ressure-distribution measureoents were therefore 
conducted on a nonoplane (Junkers W 34) in fli ght. The 
dynan ic-pressure distribution was determined in the neigh
borhood of the win G section as littlo affected as possi
ble by the n ileron s and propoller slipstrean. There was 
al so nensured the dynanic-pressure distribution outboard 
of the win g tips. We shall, however, dispense with a pre
sentation of the tests results her e. 

The above dynanic ? ressure distribution neasureoents 
in flight like the flow patterns cooputed by F. Weinig 
(reference 2) and by the results of the En g lish wind-tun
ne l oeasurements (reference 4) show that the flow is 
e verywhere stron ~ ly disturbed up to conaiderable distances 
fron the win g . There is no p osition in the ne1ghborhood 
of the wing of a oonoplnne at which, ind ependent of the 
lift ran Ge , even approxinately undisturbed dynaoic pres
sure q~ occurs. The ~easureoents con ducted outboard of 
the wing tips show indeed only sli ght deviations fran the 
actual dynanic pressure. The mounting of the pitot-static 
tubes outboa~d of the win g tips is inconvenient, however, 
in practical operation and on ac~ount of the increase in 
d rag of the necessary outri ~gers is also inpractical. It 
i s fre~uently stated that the relations are nost favorable 
ahead of th e win e leadin g qdGe (reference 12). The ar
rangenent of the apparatus far ahead of the win~ leading 
edge always requires, however, inconvenient weight- ~nd 

d rag-increasin g structures that should as far as possi b le 
be avoided. The assunption that a ~od e xte nding fron the 
win G in the ~rofile-chord direction leads to no appreciable 
increase in drag is in error since the d irection of t h & 
wing is not alonG the rod axis. Due to the wing angle of 
attack and en account of the circulation about the wing, 
such nn outri gge r is attacked at an angle by the wind and 
results in a non-negli g ible increase in the d rag and in 
add ition u n favorabl y a ffects the flow about the win g on 
~c count of the vortex re g ion generated beh i nd th e rod. 

The arranG e~ent of thc apparatus proposed by oany in
ve sti c ators in t he neiGhborhood of the win g trailing ed Ge 
(fi g . 3) likewise gives no satisfactory solution. As an 
a dvantage of this arrangene~t, ~t is sonetincs stated that 
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the pressure r uad i~ ~ s fail at t he i ns tant at which s epa
rati o n l)he·liono n .:-. <1. ))::,; o o. r over the :" in g tl'o.ilin (; od.; e and 
th e pil ot i 3 th ere by warne d in ~d va~ co of exceedin g the 
nO.xin uT.1 lift. 0 :1 V.'.O ot!lcr l~r:tr.d., it is kno'Nn th a t the 
stnrt of vortex shQd( in ~ of tho kind t~at d isturb the 
i nstruDent r ead in G Day lie within n lar ~ e r ang e of lift 
below t~o DQxinuc . Si n c o , furt he reoro, alcost all Do de r n 
~ i rp l a~os arc p r ovided with l and in ~ flaps and sicilar 
t ~k c - ofi a nd l a cdin c a i ~ s, t ~ is p r op osed pitot-static 
tu1)o ~'- l :'~ .•• ~ O;Je ~l t s~10ul t".. i r: llan~T c ase s encounter in supe r
a~lo ~ ifficulties . T~ e r o is furt~erDore to bc taken into 
a cc ount t h o fact t h~ t t h Q nltiDeter i n p r e se n t-day p rnc
tice is norDully co nil ect ~~ to t he st atic-~ re s sure tube 
of tll OCl. j)l)nra tus. I n a -.:)['.d -\'{o n. thor landtnc; t lle p ilot 
wa u l : obtain an a ltino t o r re ad in g c on side rably in e rror 
eve n a t t ~e sli ~ht c s t t iloUCh no t dangerous stal ling _ Ac
cor d in g to t ~o rosul t s t hus f a r o~tr:tined no p r a ctic o. l un
d ist~rbod loc a tio n f or t ho p it o t- s t a tic t u b e cnn as yet 
bo s~ecificd fo r the e ono p l an e. In a l a ter secti on below 
it will be sho wn whet Dct~ods a re availab l e fo r c e as uring 
t h e true s t o tic p r csGure and dynnc ic p res sure of undi s 
tur'J od fli t~h t. 

FAVORAB LE LOCATI ON OF THE PITOT-STATIC INSTRUMENT 

I N THE CASE OF THE BIPLANE 

In the c a se of t h e nonoplan~ we Cane to t he conclu
sion t~ot no position Can be found in t h e inn ediate nei~h
borhood of t he win e at which the undisturbed-f li ght dy
no.~ ic pressure occurs ov e r th a entire fli ~h t r ange. In 
tho c ose o f tho b i p l a ne, t he flow pa~tern shown in figure 
4 i n& icate d a l a r GO re Gion of undi sturbed flow vel ocity in 
whic h th o instru~e~t Day conveniently be located. To 
c heck the p r o.c tical utility of such an arran g e n ent of the 
instruDcn t, the flow pa tt ern ahead of the forw a rd st rut of 
the N bra cing o f a Fo ckc - Wulf "Stie g litz" was surveyed and 
t he pos ition de terc i ved at which t he fli c h t dynaeio pres
sure occurred over t h e ~ ntire flight ran ee . 

~o de t e r n ine the undis turbe d fli e ht dynaT.1 ic pressure, 
the rc cd in ~ s of a Pran d tl tube a tt ached t o t he airplane 
were c ali b r a te d . I n t he calibration, t h e t otal p res s ure 
in t h e n0i~hbo rhood of th e win g w a~ det e r n i ned by an 
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apparatus de veloped by t he au th o r and t he stat ic pressure 
by neans o f a tubu tow ed in the undisturbed flow u nder 
the airp l ane ( references 1 5 , 16, and 17). At the forward 
st rut of the l e ft IT bracin g a d is p l a c oab le Prandtl tube 
was noun te d as sh own in fi g ure 5 and th e dynan ic p ressur e 
neasur ed at variou s po ints a l on g t he s trut . An optical 
DVL double r e c o r de r was use d for t ho d ynan i c p r ess ur e Doas 
urcnents (r e f e r en c e 18 ). 

On t he l e ft of figu r e 5 is shown t he flow aff e ct bo 
tween the bip l ane win e s along t ~e strut fo r va ri ous lift 
coe f fic i en ts of t he ai r p lan e . I n c rd e r to ob t ain t he 
curves o f f i g ur e 5 , th e d yn an ic p r essure at each oeasurin g 
po int was fi rst p l o tt ed aga i n st th e undisturb ed-fli ght dy
nan ic p r essure a~d fr ou t he values of q and. qro ' r ead 
of f fro D the various dy n an ic pressures and lifts, t he ratio 
q./ q ro "Tas f o r ned . Figur e 5 cl earl y sholtTS the c oonon po int 
of i nte r section of t he q/q ro curves co rre spo n d i ng to the 
various li ft c oe ffici en ts . This connon point of i nte r se c
tion lies at 0.47 win g ch o r d above the l owe r win g . Fur
the r nore , f o r t h i s connon po i n t q/qro = 1 f o r al l curves , 
which shows t hat at this po int t he un d i stur bed fli ght d y
nam ic p r essu r e q ro oc curs over t he ent i re no r Da l ang le-of
a ttack r ange . A pitot hend lo cated a t this posit ion n u s t 
therefo r e in d i ca te t ~e true dynau i c p res su r e ov e r t he en
tire noroal-fl i g h t ran ~ e. Fi g ur e 6 show s a co nt r o l cali 
brat i on c a r r i bJ out with t h i s a rrangenen t and it is seen 
tha t t h e c orr e ct dynam ic- p r ess ur e r ead i n g s over t he en tire 
nornal -f l i ght ran ge i s confirDed . For th e c ase of t he b i
plane , i t i s i n a l l cases po s s i b le to l oca te r ap i d l y an 
undis t u r bed pos ition be tween t he t wo bipl a n e win GS . 

rvlEASURE HEUT OF THE TR~E DYNliJlIC PRESSURE I N FLIGHT 

BY MEAN S OF A PITOT HEAD AND COMPENSATING WING 

1. Object o f the I nves ti ga ti on 

I n the fo r egoi ng sect io n , it was expla in ed t ha t in 
the c ase of t he bi plane t he r e is a re g i on between t he up 
per and l ower wings wh e r e t he flow v e l oc ity is p r actically 
independent o f the lift coeffi c ie n t and in t he en tir e 
flight r an g e equal to t he u ndis tur bed v e locit y . It was 
theref o r e a tt enp te d with t he aid o f a snaI L vane set above 
the ua i n a irf o il (in t ho followi ng deno t ed ll coQpensntin g 
win g ll as p ropo sed by Dr . E . Eve rli nG) t o a ff e ct t he air -
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foil flow in such n 8ann0r that the undisturbod~flight 
dynasic pressure c~y be directly De~sured in its true 
value. 

2. To s t Se t-Up nnd Me[':.suring Apparatus 

9 

On the upper siae of tho ri G~t win g of a Junkers air
plane (W 34) D. snail conp en s~tin g wing was counted (fig • . 7). 
Th o dynus ic p ressure distribution between the cocpensating 
wi ng and main win g was measured with the ~id of a pitot 
tube "rake." The compensatin g wing was su~ported by N 
bracin g s and was rotatable at points A and E. The length 
of the rear strut of the IT bracing waS variable. In this 
way, it was possible to vary the setting of the compensat
in ~ wing with respect to the main wing chord. 

The compe n sating win g had an N.A.C.A. M-12 section and 
was of c on stan t 0.3 m chord an d 2 m span. The edges were 
rounded. Th e dista~ce between the measuring plano and tho 
upper si d e of t he nain win G was 35 perce n t of the main wing 
chord at th e meas uring section. The distance of the meas 
urin g points from tho airp l ane plane of sym Detry was 3.12 
m. The mea surin g plane was at a distanco of 31.8 porcent 
of th e wing chord of th e ceD.s urin~ section from the n ain 
win g le ad i~g cdge , a n d was 40 n D from th e leading ed g e of 
the compensating win g , th a t is, 13.34 pDreent of the com
pe~s n tory ~in g ch o rd nnd 1.41 peraent of the main wing 
chor d at the ceasuri ng position. For rec ording the dynao ic 
pre ssures a t 0a ch of t he ~e asuring positions, U tube re
corde rs developed by t ~ e DVL were enploy ed . 

3. Measur in G Procedure 

The ~ynanic pressure distribution between the compen
sating and main win Bs was measured at various settines 
of the compensati~ g wing with respect to the nain wing 
chor d . Tho lin e ~f refer en c e fo r the setting corresponds 
to the line pass in g through the profile nose and trailing 
ed g e. The s ~all es t settin g was _6 0 an d the largest was 
~12°, where th o posi~ive sign i s in t he sonse of increas 
in g aegle of at tack. The d ynanic pressure distribution 
measurom en ts e xtended over t he entire normal fli ght range 
for each consta~ t a~~le of settin g E. I n carrying out 
the measurecents the sD~tin G wa s adjustad on the ground 
and the dynan ic pres sure va riation between the compensat
ing a nd na in 'Wing De~surcd in fli ghi for various dynacic 
pressures <lro and v2.rious lift coefficients ca. 

I 
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4 . Results o f t he Dyna~ ic - Pr es sur e Di st ri b uti on Me as ure ncn t s 

be t wee n Conpen sati ng a n d Ma i n Wi ng s 

F i c ur e 8 Sh O'-TS t h o v a ri u t i on o f qjq Q:) a s a fu n cti on 
o f t h e lift co ef f icient C o. a t a fe w cea s u ri n G ~o i n t s be 
tw een tho c onp ens u ti n G an d na i n wi ngs and f n r t he v a ri ou s 
s e t ti n G s ( € = - 6 0 , - 3 0 , + 3 0 , + 6 . 4· 0 , + 8 • 6 0 , +- 12 0 ) • Tll e r a 
tio q/ qQ:) va ri e s wi t h u i ffere n t i n t ens ity wit h Co. a c 
co r cl. i l1. C; to t h o s c tti!1. C o f t he COn l) Cnsat i nG win g . At Cl e a s 
u r i n G ~ o i n t no . 2 , wh ic h i s a t a d ist an c e o f 2 . 9 pe rce n t 
win g ch o r d fro c t h ~ low e r si d e of t he co n p e ns a tin g wi n g , 
th e re n pp c ars a t t he so tti n c s € = _6 ° , - 3 ~ and +3 0 s o 
snaIl ~ c han ~ e i n t he d yn a n ic p r e s s ure ra t i o q/ qQ:) t ha t 
t he l a tte r nay wit h s u ffic i en t ac cur a c y be c on s id er ed a s 
con s t~n t . Th e g r ea t e st de vi a ti on s f r oD t he Dean va lues 
l i e on t he ave r a g e be l ow 1 p e rce n t o f q Q:) ' In t he c as e of 
n en surin c p o i n t n o . ~ wh i c h is at a d i s t an c e o f 1 . 75 per 
cen t of t h e na i n win ~ ch o r d , t h er e sini l ~ rl y a p p ear a t t h e 
se ttinc s E: = 6 . 4 0 and E: = 8 . 6 0 on l y sli b h t c hn:u. g e s i n 
t h e t o tal n oro n l fli G!l t r ail Gc . At E: = 6 . 4° , it OCl.y l} c 
ass u ncd ov e r t he e ntir e f l i Gh t r an Ge t h a t q/ qm = 1.09 . 
Of Gr ea t es t s i g nific an c e . h owever , i s t h e r esult at ceas
u r i n G p oi n t no . 1 f o r a s o tti n G of E: = 8 . 6 0 • I n this 
c as e , fo r t h e e ntire no r c al fli c~t r a n c e , the r e Da y b e se t 
q/qm = 1 . 0 . Th e Gr ea t es t erro r d e vi a t io n wit h i n t h e lio
i ts o f C o. = 0 . 2 t o 1 . 0 t h e n ano u n t s t o ± l p e rc en t o f ~Q:) ' 
Th i s e r r o r , ho wev e r , a l r ead y lie s wit hi n t he neasuri n g 
a ccur ~ cy of t h e d ynan ic p r essure de t c r n i nn ti on itself. 
Th e f li gh t v c lo c it y f o r t h is c as e woul d be d e t e r c i n e d 
within ±0 . 5 pe rc e n t o f t he a ctua l fl i Ch t v e l ocit y . 

A cl ea r p i c t u r e o f t he d y n an ic p r ess u re r e l n tio n s b e 
t ween t ho c on p e ns a t i n ~ an d e n in win gs i s g iv e n by fi g ure 
9 s how i n ~ t h e d y n a e i c p r essur e d i s tr i~ution curv e s b etween 
t h e conpe n sati n G a n d Da i n wi n g s f o r t h e s ane s e tti n g 
fo r va r i ous li f t c oe f fi ci en t s ( c a = 0.2 ; 0 . 5 ; and 1 . 0) . 
The v2.1 u es of q / QQ:) co rr e s p ond i n g to th e various lif t 
coeffic i en t s w e ~ c o b t a i ne d b y i nte r p ol a t ion f r on the p l o t 
of q / qQ:) a g a i n s t c a ' (S ec fi G. 8. ) Spac e linitation 
p r even ts t h~ p r e se n t n ti on h e r e of t he results of the in d i 
v iduCl. l ne a s ur cu ents . At t h e s naIl s e tt i n gs o f t h e conp en 
sa ti ng wi n g ( € = -6 0 and € = - 3° ) t he dynan ic p r essure 
r a tio q/ q Q:) a t f irs t h e c ooe s sna llcr wi t h inc r e a sin g d i s 
t an c e f r on t h e c on pon s a t i n g w in ~ a n d t he n i nc r e as es aga i n . 
a p p r oachin G aSYRp t o tic a l ly t h e v a lue of t he d ynac ic p res 
sur e t h at wou l d exis t in t h e ab se n ce of t he coep ens a tin g 
win g . At t h e s ett i nes E: = - 6 0 a nd -3 0 , t h e c onp ensa t-
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i n B w in ~ produces ne ~ntive lift. The result is an in
crease in the dynam ic ~ r Gssur a on its und e r side between 
the compensatin E and main winGs. At the lar ~e r settings 
of the compensatin G win e which lie in t he ran g e of posi
tiv o lift, th8re occurs a decrease in dynamic pressure be
tw e e n th e com ~o nsatin G and main win ~ s. This decrease at 
lar g o sottin~s is ~rcat cs t in tho immediate noi~hborhood 
of th o comp c nsatin ~ win~ and with i ncreasin c distan~e 
~~n i n ap p roaches asymptotically the dynamic prossure which 
woul~ exist in the absenco of the compensatin G winG. The 
p oint of i ntersec tion of these curves e ives the position 
~t whic~ qjqro is indJpJndent of the fli c ht condition and 
a l so t he valu e of qjqro, which is con stant over th e en
tire a.n c le-of-o.ttack r an e e . This value of q./qcn will be 
den 0 ted r. ~;. ( cd q oJ co n st . "Ii t ~l the a r r a. n Gem en tin v est i -

g ated, tho dynam ic ~ r oss ur e curva s at E = 8.6 0 intersect 
at ( qj q JcoIl 3 t = 1. 03 at a dis t ance from t ho. und er sicte 

of the compens ntin ~ wing of about 1. 6 percent of the main 
wi~ C c hord at the moasurin G sc ctio n. 

Fi eur e 10 shows t he values (qj qJ co n s t ar.d the cor-

re sp ondin G d i stan c e from the compens a tin ~ win~ as a func
tion of t he comp0nsutin ~ wi~ C settin c . With increasing 
v lJ. lue of ( the valu e of (qjq cn) t dec r ea s es and the c ons 
point of i nte r se ction ap~roacheB the compensating win5. 
Acc or· (lL1 ~.; t o fi Gur e I e , . t:18 desi red value (qjqcd = 1 
voul~ be obtain o d at E = 8 .7 0 at a distance of 1.7 per
cent main wing chord fro m the under side of the compensat
in c wi uG , a re sul t which is in g ood cere ement with the 
corr 8 sp~ndi n g valu8s of fi g ur0 9. 

5. COl elusions fro~ tho Dynamic Pre ssuro Measurements be-

tween Compon sn ti n ~ and Main Win g s 

The results of th e dynamic pressure measurements be
tween the com?ensatin ~ nn~ mn i u wings sh ows that it is 
poss ible with the ai d of t h e componsating w i n ~ to affect 
t h o flow in t ~ o nei cab orho od of th e cain win G in such a 
mnnn er that t h e un i isturbed f li Gh t dynamic pressure may be 
measured with th e r~quirod a cc u racy i~dep e ndent of the 
lift caaffici cn t over t ho entire norm a l fli ght range. 
With t he cO fDJ)(~ nsD.tin ~; win s a rr .:1. n s omo n t investi ga te d , the 
u ndistu r bed fli ~ht dyn~Q ic pressuro will be obtained at 
th e p oint lyinc 1.7 pe rc ent o f the m~ in wine chord t b e -
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l ow t he cODpe~s atin~ wi nG a n d 1 . 41 4 p erce n t c ho rd froD the 
c ODp en s a ti nG win g l e ndi ng ed g e a n d n t t he s o tti ng E = 8.7°. 
The rati o of co n pe n s n ti ng to n a in win g wa s 1:76.7. Th is 
r es u 1 ti s t r 1: e , 11 0 1:1 e ve r , 0 n l;y for t he p n. r tic u 1 c.. rca s e 0 f 
t ho t e st set - up he r e chosen n~d f o r t he p r esen t c a nnot be 
ge~e r aljz ed . The r e l a ti on s chan g e wit h t h e shape an d sizo 
of t h e c ODp enca ti ne win G a nd p a rtic u l a rly wit h the c hange 
i n Dounti ng po siti on . Any p r a ctic a l a p plic a bility ro
qui r e s f i r s t o f a ll a ninis u D e xp end itur e in size a nd 
wc i g~ t , ns we ll as B snall es t pos s ibl e d ist a~ c e fro n the 
wi ag . I n o r de r t o ~ et by wit h a s naIl conpe n sati ~g wi ng , 
it is ne c e ss a r y on t h o on o h and t ha t t ho Doun ti ng p osi-
tio n b e loc a t od at a pos i t i on wit h r espe ct t o the n ain 
wi ne c.. t wh ic h t ho vel ocit y d iffor ence be two en t h e un~ is
tur bod and dis tur bed fl ow i s the l eas t p o s sibl e a n d, on 
t he o t hor hand , it is t o b o tako~ c are t~a t the con p e n sat-
i n G \ 'J L l (.; a r r n ~ b Oll en t [', tI c. r g c r 1 i ftc 0 e f fie i em t s doe s n o t 
li e i n t he r eg i on of s C p B r a t~on n t wh ic h th e read i ng would 
b e i n e rr or . The c ho ic G o f se cti on of t h o c o~p onsatin g 

\" i n [; shoul o. a l so bG of co . si L\.e rnbl e i npo l'tn,llCo . Wit h n 
D 0 r e h i GIl 1 Y c D.U b e re d s e c t io n b r :3 a t e r v e l 0 cit Y rl iff 0 r e n co s 
na~ be n tt a i ned s o t ha t t o obtain t he s nQe e f f e ct wit h a 
no r e hi ~hl y c anbe re d c onp ens Btin g wi ng section scaller di
Deas io n s woul d p r obab l y be r equ ired t han f o r a section 
wit ~l s:~l nll e r c an b e r . A cl i sa<1 v :.l.nt n[;o of th e me thod of neas
uri 2~ t h~ u nd i s tur bed fli gh t dyn nn i c pre s sur e by conpen
sa ti nc w in ~ nn ~ pit o t h eBd i s t he i n cr en s e i n d r ag th a t is 
a s soc i at e d wit h suc~ a n arr a n g cnen t. 

A NEW ME TEOD OF MEASURI NG THE TRUE DYNAMIC AND 

STAT I C PRESSU~E , PA~T I CULARLY oa THE MO NOPLANE 

1 . Phys i cal En si s of t he Proc edur e 

A v e r y use f u l ce t he · by wh ic h n.lso in t he case of the 
r:l on op l o.Ilc t hc fl'e e - s trc an d';In ~ 1.n ic nncl s t a tic p res .sur c s in 
t ho ir true v ~ lues u~y be d ir ec tly de t e r n ine d , is obtained 
w~e n t he r e g i ons nbo v e ~nt bolow t ho wf ng a r c sicult an e
ousl y utili zed f or no ~ s uri n ~ t he s t a ti c p re ssure. F o r 
t ~l i G purposl~ , t l: o ~) r os s i::. r e !1c[Lcl s, on e ab ove .cud th o o th e r 
be l ow t ho w i n ~ , ~ r c con~e ct ed wit h one nno t hc r . Alon g 
th i s co nne ct in c t ub e f ro~ t ho p r e s s ure ~o t he suction side 
oft : . 0 1:1 i n:.; , t he r ei s t.l e n n pre s s ur e d: r 0 p 0 r flo w fro c 
be l oi! t ~l C 1'l Ll !:~ t o nbo ve it . It i s nssunod t ~l n t t he pros-
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s ure d rop alo n ~ the c onn e ctinG tub e is linear. Its length 
will be d e note d by 1. At t h o position x of the tube, 
tho pressur e , as may h o seen from fi gure 11, is 

Px = Pu -
t 

(.1) 

The total p ressure P g , accordin g to th e Bernoulli 
l aw is const an t on th e u p p e r and lower sides of th e wing, 
~ rovi d e ~ the flow is cOil s ider od as purely pot on tial, that 
is, wha rever the flow i s p ractically free from losBes or 
vortices. 

In th e un d isturb e d flow the st a tic pres s ure, from the 
Bernoulli e quation is 

?~ = P g - q~ (2a) 

At any positio n a t th o u ppe r si de of th e wi ng , the static 
pres s ur e i s 

(2b) 

an ~ a t th e lo we r si d e 

(2c) 

\1 e now ~ enotc the d iff c r oilcc ~ e twe en the tot a l pres s ure 

P g at any position of th e potential flow and the pressure 

Px at t h e position x o f the co~n e ctin g tub e as the dy-
n a mic pres s ur e an d write 

Futting for P x t he e x p r ess io n (1) a nd t ~kin g account of 

equa tion s (2b) ~nd ( 2c), thero is obt a in od 

Now it m~y bG sh own t ~~ t un de r th o a ssumption of lin e ar 
pre s sur e ( ro p in t he 8 qua lizin g t u b a in a ll practic a l 
c a SGS ovor t he e ntir e fli ght r a n ge , a v~l u e of the d ynamic 
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pr e ssur e qx c an b e obt a ined which is either equal to 
the free - stre a m dynamic p r essure qcc or is [!. constant 
multi p l e of it , in ~ ependent of th e flight c ondition. The 
proo f is g iven f r om t he dependence of th e values qo or 
qu on th e free - stream dynamic pressure q~ and the lift 
coefficient ca . 

Since it is obviously u np romi sing to c omputa the 
fie l d of flow with s ufficie nt accuracy with t he aid of 
the potential the o ry, we must r e l y on t h e experimental 
de t e rmin Rt ion of th e l oc a l dynam i c pres s u r e v a riation . 
In our further discussion bel ow, we shall for this reason 
mnke usc of the empirical a pprox i mation formulas obtained 
fr om fli ~ht mea sur ements . The dynam ic pr essure at any 
p o s ition o f the distur b ed velocity field about the wing 
de p e n ds on t~ e fr ee -str eam dynamic pres s ure qro an d the 
circul a tion or l ift co e ffici en t c a of the wing. 

Fi gure 1 2 sh ows the ctynamic press ur e r a tio q/qro 
obt a i ned from measurements as a func tion of th e lift coef~ 
fic ie n t c n at v a riou s distances from the upper and lowe r 
sides of the win g . In the n ormal flight ran g e the curvos 
q/~ro = f(c a ) a r c a lw nys st r aigh t lines. Denoting by 
(q/qro )J t ho valu e of q / qoo co r respo~ding to c a = 0. 
th e function q = f(qro , c n ) may be r e presented in the 
fo rm 

(4) 

Employing , as bef o r o , the sub s cripts 0 and u ~or the 
uppe r and l owor si d es of t he wi ng equation ( 3) after di
vision b y qro bec ome s 

qx ( tIu ' + x {( qo ') ( qu " "\ = - ) - - l) 
qro qr% l CJ.ro / 0 \ q ", io 

, d 
( qu) 

X · d Ci o d (qu \} J + Cal 
+ t t d C a ( q ro) -

(5) 
L cl c a qro d c a "Clc;;o) 

If qx / qro is now to assume a con stan t value independent 
of the f li ~h t co ndit ion, th e coefficient of c a in brack
ets must be equal to zero . Wo must thus have the co nd i -
t i on t:lD. t 
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_d_( qu) + x f _~ (~) __ d_ (.:hl)} = 0 
d c a qco t t. d. c n qO) d c a qco 

Th i s cond i ti on is s ntisfied if 

" 

I d (qO) 
x- I d c n qco I 

= 1 : \1 1. dq --- ( ~) 
d cD. " qco 

(6) 

th a t is, a co~stant dyn a~ ic press ure r a tio ~x/qco inde
pen~ent of th e lift coeffici ent over the entire fli ght 
r anGe will be obtain ed if th o s t a tic p r essure in t he con
nectinG tube is t ake n nt n position a t which the r at io 
x /t assumes the v a lue gi ven by equation (6). It is 
nah1.rally assllDcd that 0 < x/ t < 1. The v a lue of tho 
r at io q ~/qco = (q/qO) co ~s t it ce lf is obt a in ed fron t h e x .; _.&. 

renai n i n g pnrt o f equnt i on ( 5 ) by subs tit u tin g the vnlue 
of x/t deternined fron equation (6). We t hus hnvc 

(7 ) 

T~c v a lue of ( q /qco)c ons t and of tho position x/' 
nay also be Gr a phic a lly obtaine d in n sinplc nanner. For 
t h is p urp ose , as SC;1 0r.J ;-..tic a lly sho,yn i n fi i;ur o 13, the 
v a l ues of q/qco' nt t he u p per a nd lower s i des of the win G, 
dctcrDin cd froD fli ~ht tests f or various fl i ~h t conditions 
( various lift coefficients o r froe-strenn dynanic pressures) 
are p lott ed on a connon ab s cis sa for v arious v alues of 
x / t nncl j o inc cl . Tlle joinin;:; lines then in a ll Cases in
t e r. soct i n n C02so n po i nt . By t a kin g t he static pressure 
at th e p ~sit io n of t he connectin G tube ind ic a t ed by the 
poi n t of inteTs e cti o~ o f t ho straight li lles there wi ll be 
ob tai ned n dynnnic p re ssur e r a ti o q /q indepe n d e nt of 

C;) 

the f li Ght c ond ition . At t he saee ti n e the cons tant va lue 
( qj~ ) cons t CCl.n be re nd off frOD t he di[l. c; r llo . The Dng;J.i-

tud e of t his v a lue v aries with the Daunti n g l o cati on of 
t he s t atic pressur e tubeG . For thick wi n g sections, the 
v a lue of (q/qco ) const > 1 whore the e ffect of the axial 

c onpr ession flow is I n r g e . In t he re ~ ion nea r tho win g , 
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in wh ic h only t he p ur e circul a tion i s observable an d th o 
inc r ease i n velocit y due to the com p re s s e d air n ass Van
ishe s, it will bo p os sible to obtai n th e v a lue 
( ~/ qro ) t = 1. Th i s sh oul d b e t he c a s e part i cul a rly 

c on s 
in the r eg ion of th e win g le ad ing edge . 

2 . Fl ow R e l a ti on s in t he Co nne cting Tube 

a ) Cond i t i on fo r line a r pressur 8 d rop.- The a bov e de 
sc r ibeu De t ho a i s bas e d on two assunp tio n s. It i s fir bt 
as s u med t ha t no e rr o r result s i n t he s t a tic pr ess ure r ead 
i n g s fr oD t he f a ct t ha t th e air flo ws in a t t he low e r si d e 
of the wi ng and out at the upper at t he p r es sur e orifices. 
This ro quir ocen t Day in a ll c a s e s be ensi ly s at i s fi ed . It 
is suff ici en t, in ~en er al, if th e c ross s ecti on a rea s o f 
t he p r ess ure orifi ces ( s l o ts in t he n orma l Pr a n d tl tube ) 
ar e a Dultipl e of t he cros s sectio n of t he connectin g tube. 
Tho n a s s o f "" ir th en flo\·r ing per tine un i t t :!1 r ou g h t he n a r
row sec ti on o f the c onne ctiu g tube is t he n d i s t~ibute d a t 
the i J let a nd outl e t over the lar ge r cr o ss section o f the 
static pr es sure ori f ice, so t h at only a s li gh t d isturbanco 
of t he flow o ccur s wh ich pr a ctic a l ~y h a s now n o offect on 
the r ead in g s. Als o, a ll secti on s ahead o f t he inlet to 
the conne cting tube Du s t s i o ilarly be l arge r t h an th e 
cro ss s e cti on o f t he c on n ecti ng tub e, which i s a lw a y s c ore 
na r r ow. Tho secon d a n d most i op ort an t as suo p t ion is t ha t 
of li nea r pre s sur e d r o p in th e conn e cting tube. 

It still r ena i ns to b e i n v e st igate d wh a t cond itions 
are to b e sati s fi ed i n o rder t ha t a lin ea r pr es sur e d rop 
sho u l u b e assure d . I t is convenient f ir s t to re quir e a 
lao i na r flow in t he c crnnectin g tub e fo r t he sio ple re a son 
that thi s i s th e only type of flow t ha t c a n be tre a t ed b y 
s inp l o oe t hoQ s. For t h e p res s ure drop f o r l ao i na r fl ow 
in p i pes , th e Hng e n -Po i s euille law app l i es ac c ordinG to 
wh i ch t he pre ssure d rop in th e connec ti n~ tub e is 

I:::. p == Pu - P o 
\u 

= 8 ~ + P u 2 

r2 
(8) 

whe r e ~ i s t he vi s c o sit y ; t, t he l ength of th e tub e 
ne a sure d frO D ·t he ent ra n co ( na rr o \vi ::lG i n cr oss s ectio n ) 
to ou t l e t; r, t he inn er r a cl. ius ; p . the densi ty; ;:1.r~d 

u, t he Dean v e l ocit y in the tube . 
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At sDall velocities u the tern pu 2 of equation 
(8) boconos neG li c i ~ ly sunIl. The pressure drop may then 
with sufficieut accuracy bc denoted as linear. If the 
condition i s iDpos ed thnt the error at the outl~t cross 
section ~ f tho tube Day anount at most to 1" percent of 
t. p, we have 

By solvin g th e sinplified equation ( 8 ) for u and sub
stitutinG in this Dxp re s sion, there is obtain e d 

< 1 

S o lvinG this inequal ity for \ there is obtained 

( 9a) 

In order to ob tain a li nen r pressure drop with sufficient 
accuracy, th e d i mens ions of the connect in s tube Dust be 
so chosen t ha t the inequality (90.) is satisfied. SettinG 
p = O. 132 ( kG s 2.' r:; 4 ) 8.11 d ~ = 1. 7 12 x 10 - 6 ( k b s / n 2 ) (c 0 r -
respond i nG to b = 76 0 mm Hg and t = 0 0 C.), we have 

(9b) 

b) Critic a l Reyno l ds Nun be r as linitinG condition for 
laninar flow.- As alreB~Y centioned, equa tion (8) and the 
inequalitie s (9n) nnd (9b) developed fron it are valid 
only for t he I n2 in a r ty pe o f fl ow. It will therefore be 
further i nd ic a ted under wh~t cond iti ons tHe flow is 1aoi-
nar. 

Expe rien ce shows that, for g ivan con d itions startin~ 
from sm a ll velociti es , l ami nar flow is first set up in the 
pipe. As t ho " speed i s slowly raised, t he re occurs at a 
cert a in speed no re or lo s s clearly de fined, a sudden trans
sition fr oD t h e laminar to the turbul e nt cond ition. Fron 
th e law of sin il a ri ty , h owever, th e v elocity alone cannot 
be the doter~ining factor for the trans ition from l an inar 
to turbulent flow an d t h e flow rel at i ons arc nore General
ly described when referred to the Re y nol ds Nunber. The 
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tr ans it ion n u st t h u s occu r a t a qui t e de fi ni t e , s o -c a ll e d 
" cr i tic a l " Ro yno lds Nu obe r. 

The t r ans iti on fr an l amina r to t u r b ule n t f l ow s h ows 
u p wit h parti c ul ar c l ea r ness on conside r a ti o n of t he re
s istan c e s i nce the t wo t ype s o f flow have eac h t he ir o wn 
r esis t ance l a ws . F o r t ubes of ci r cula r cr oss s ect ion, 
t he Ha gcn - P o i s e ui ll e l aw is vali d fo r l an i na r flow ( equ a 
ti on (8) ) . I n t he t r ans iti on fr oD the l an i na r t o t he tur
b u l e n t con d it i o n , t h e r e i s a d i scontinuous i n cr ease in th e 
r es i s t ance . These r el a ti ons n r e very c le a rl y br o u gh t out 
i n the tex t bo ok b y Pr a ndtl - Ti e t jens. * F i Gu r e 14 sh ows 
t h ase r elati on s, the r e si s tance coeffic ie n t 

A = 
6 p r 

p u Z t 
2 

b e i n ~ p l o tt ed as a f u n c ti on o f the Reyno l ds Nu mpe r R = ur 

v 
3e l ow R = 11 00 to 1400 , the r esistance coef f i ci ents foll ow 
t he Ha g en - P o i se uil le l a w o f lam i na r flow . ** The r e i s t he n 
a sud de n d ic on t i n u ou s ri se i n t he r esis t an c e co e ffi c i e nt 
up to a c e rt a i n max i mu m afte r which it aga i n decre a se s wit h 
i ncre2s i ng Reynolds Nu mber . In the reg io n of th e di s con
ti nuous i ncrea s e , the ac tua l transition f r om t he lam i n ar 
t o the tur bul en t fl ow o cc u r s . Tha t v a l ue of R a t wh i ch 
t he res i s t an c e be g i n s to depart froD the Ha gen -P o is e u i ll e 
st r ai ght lin e A = l6 / R i s de n oted as t ho c riti ca l 
R eyno l ds Nu mb e r an d the c o rr espondin g ve l oc i ty as t h e 
cri t i ca l ve l oc it y . 

The tes t s c ondu c t ed by vari ous i n v es t iga t o rs show t ha t 
t he c r i tic a I R e y no 1 d s IT u :::t b e r i s a f u!~ c t i on 0 f t he in i t i a 1 
di sturb anc e , i nc r eas i ng with de c re ~ se i n ini ti a l di s t u rb
ance . As t he va ri ous t ests hav e sh own t he r e i s a l owe r 
limit i ng v a lue of the c ri t i ca l Reyn o lds NUr:lber ,·:h ic h li es 
a t abou t R = 1 000 . Be l ow th is va l ue o v en t he s tr onge st 
di s t urb a~ c es dec r ease wit h t ime , which menns t ha t n o turbu
l en t f l ow c an continu ous l y be ncinta i ned be l ow R = 10 00. 

* See Pr a n d tl - T ic tj cns , Hyd r o - u nd Acrome c han i k , v o l . 2 , 
p . 3 3 , fi C o 1 7 . 
* *On n e Gl ec ti ng t h e l as t t e r m 

t he r e i s ob t a in ed 
t:. p r 

p U Z t 
2 

= 

( p U Z ) 

16 IJ. 

p u r 

i n c qua t io n ( 8 ) , 

1 6 1 6 
::: = 

r u R 

V 
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I n order t ha t the l~min~r fl ow may exist in all cases 
in t he connectin G tube, the Reynolds Number should not ex
ce ed t he v~luo 1000. We thus obtain as a second condition 

R _ u r s::: 1000 
1) 

(10) 

Sub s titutin g t he vel oc ity u obtained froo the simplified 
equation ( 8 ) ( ne g l ec t of the tero p u 2 ) in formula (10), 
th o re is obtained the condition 

3 

R _ ._~~ r ~ 1000 
8 ~ 'I,) t 

Sinc e we a r e interested i n t ho va lues o f t and r, we 
write t his further c ondition in t he clearer forn 

1 > 1 

800 0 
(lla) 

Substitutin f; t he values ~ = 1. 7 12 X 10-
6 

(kg/n 2 ) nnd 
1) = 13 X 10-6 ( 02/ S ), c o rr esponding to a pressure of 760 
QD Hg end a te~pcrnture o f 0 0 C. i n inequality (lla), 
t he r e i s o~tain e d fin a ll y 

9 
10 ( D) (lIb) 

c) DiDensioni~r. t he conn e ctins tube.- In o rder to as
sure th e r equired li nea r p re ssur e d r op i n the connecting 
tube , t he conditio ~ s se t u p i n i nequaliti es (9a) and (lla) 
oust be sat i sfied by t he p r ope r ch o ice of len g th and inner 
rad ius. I n fi gure 1 5 the L1i n i El UD l en Gth s t. of the 

m1n 
tub e for various r ad ii r a r e lo garithmic a lly plotted 
a gains t t he p r essur e difference 6 p a ccor d in G to f o roulas 
(9b) and (lIb). F o r a ~ iven r adius r, t he r equired oini
Dun l on g t h of tube for th e o a xiDuD pre s sure difference 6 p 
(qoo .) can be r ea~ of f iODed i a t e ly. At soall values of 

f.11n 
6 p , the cond iti on o f l an inar flow (i nequa lity (lla» is 
always satisfi e d wh e neve r the condition f or linear p ressure 
drop (inequality (g a) is satisfied. For large v a lues of 
6 p, the r elati ons a re revers ed . I n this cas e , the condi
tion for l anina r fl ow r equir es t he l ~r ge r lenGths of tub e. 
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Tho l i c it u p to which forcula ( 9a) or above which forc ula 
(ll ~) i s v~li d i s o~ t a i ned by equati nG th o ri gh t sides of 
(9a) oad (lla) . Thero is t hen ob tain ed a t the po int of 
int e rsect i on of t ho li D iti n~ curves for l u in froD (9a) 
and (l l a ) th o v a lue o f 6 p : 

~G l ow this v~luo of 6 p , i nequality (9a ) is to be satis
ficd and above it i noqualit y (ll a) . The r equired condi
t i oils vuy be Dar e cl enrly writt en 

For 

~ 1. 25 r2 
J p 6 12 

< } 10
8 ~ 

6 P ~ V r2 1 > 1 3 

? 6 P r 
(12a) 

8000 ~ V 

o r, D.::'.L i n::; use of ex:pl'essions (9 0) nnd (lIb) 

Par 

~ 265,000 r2 .;t;p 
6 P < 1 0.00223 r2 1 > .. (:, 1) r3 

10£) ~ 

(12b) 

178 

In t ho r an c o of 6 p valu os that practically arise in 
our c use t ic require d condit i on for linear press ure d rop 
(inequalit y ( 9a » is no r cally th e deternining condition . 

3. Results of Practical Fli ght InvestiGations 

a ) Ge ne r a l c on si ~ o r a ti on s on the app licability of the 
new Do t hod .- Tho new ne t hod p re sented above of censuring 
the dyn nnic pressure ha s been applied to v a rious Cases. 
The re sult s ob t ained wore v e ry s ntis f ac tory and showed the 
p r acti c n l utility of t he p r o c edur e p ro po se d . A p rosent ~
tion o f t hc res"J.lts ob t a i ncc'. all va ri ous airplanes would 
carry us b eyo nd t ho scop e of t h i s work. There will be 
g iven on l y as an exaD~le t he results ob tai ned in an in
ves ti ga tio n on a Junk e rs Ju 52 airplan e . I n a series-pro
d uction airp l ane , t he undisturbed dynac ic pressure and 
the static p res sure fo r detor n inin g the altitude aro cens
ured wit h the a i d of a p tessur e head count ed on a 1.7 c 
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lon ~ rod nhead of the win~ (fi ~ . 16). In spite of this 
nassive and inconvenient structure, the readings of the 
clyn2..L1ic Gild stt~tic pressure arc always in orror. Aside 
froD the i n creRse in the wei c ht and drae. the pressure 
npparatus in install a tions of this kind is easily sub
jected to injuries. In what follows, it will be shown by 
an exanple in what n sinplc Danner the actual static pres
sure and t h e undisturbed dynauic pressure nay directly be 
nensured over the entire norual flight range by the new 
D. 0 t : 1 0 (1 In 0 :p 0 sed. 

b) Conduct of tho test and ncnsurenent procedure.-
In order to exclude as far as possible tbe effect of the 
axial conpression flow and obtain the dynaeic and static 
press~res directly in t he ir true values tho pressure heads 
wer e Dounted in the neighbothood of the wing leading edge. 
Furthernore. they wore only at n snaIl distuncc fron the 
win ~. in order to reduce the draG. 

To deternine the nost favorc,ble distance of the ap
paratus. Prnnd tl tu~es were Dounted whose distance fron 
th~ winG could ~o varied. The dynanic pressure variation 
(Q = f(Qoo)) for various d istances fro s the upper and 
lower sides of the win ~ s was thus deternin~d. Since J in 
the final n easarin g install ~ tion, the tot a l pressure was 
to be dcternined with the instrUJ:! ent [~t t he under side of 
the win g t h e total p~ossure wns in these eeasurernents 
taken onl~r ""ith the pressure tu~e of the uno.er side of the 
win ~ . In our neosuronents the dynoc ic pressure at the 
lower ·side of the win G is therefore 

q u = p l';u - Pu 

and t h at. on the upper side 

Possible errors ns 0 result of tho yawed settinc of the 
tubes with res pe ct to th e win d direction are containe d in 
the values of Qu ana qo. A chock fli gh t test showed 
that the yawing of th0 instrunents to the wind direction 
with the arrangcDent eeployed was in nIl tnses within a 
pernissible r~n Gc .* The undisturbed dynaeic pressure was 

*Furt ~c r data on t he errors in the pitot head readings 
due to yawed settin g with res pec t ~o the wind direction 
is found in the work of KUDbruch under rcferen~c 19. 



22 N.A.C .A. Technical Menoranduns No . 913 

ceasured with t he aid of a t otal - pressure tube and a stati c 
tube w~s towed be l ow th e airpl~ne (refer encos15. 16~ and 
17) . The tests were conducto ~ for s trai Ght unaccelerated 
flight . The Doan wing l a adin g was 67.5 kg/n z • 

c) Analysis of the data .- For various un d isturbed dy
nan ic pressur es q ro thore wa s first deteroined the ratio 
q/qro as a function of the dietance froD tho wing (fi g . 
17), tho valuos of q anel Ck) boine interp o l a ted fron 
t ho p l o t of q a Gnins t ~. Froc figure 17 the distances 
of the double-head inst a llation fron the under and u ppe r 
s hi e s o:f tho tv i n ga t tv h i c h q j qro 0 v e r t h e en t ire f 1 i [';h t 
ran e e has t he valuo 1, nay be very ~uiCkly doternined by 
trial . To de terni ne the factor ( q/a~)const and the cor-

respondin G p osition at which t he st ~t ic p ressure is taken 
fron the connectin c tub e , it is bost t o Dake use of the 
Graph ic uot~od indica ted above. Fi gure 18 shows a g raph i
cal de t e r c ina tion by this ce t hod of the dynanic pressure 
ratio (qjqro ) const = 1 and the corres pond in g position 
xj ~ • 

If the po ints o f at t nchnen t of the p ressure heads are 
located on t he win ~ , i.e" on tho win e c h ord, tho sane dy
nan ic pressure r atio ( q..J qro ) c oas t nay be obtained for vari-

ous dista~ cos of t he i ns t all a tion fron t h e win g . In order 
to obtain a clear view on this re l ation , there were plot
te d in fi c ure 19 t ho li nes (qj~) c en st and x/~ = const 

as functions of the d ist an ce of th e inst a ll a tion fron the 
uppe r a~d l owe r sidos of the win C.* Fron fi gure 19 
there can t h us '06 obtained f o r the eXBnple hore considered 
t he c ountin g po sition of the appa r a tus at which for the 
total fli Gh t r ange q/~ = 1. Ther e are a lso d rawn the 
curves (q j qro ) const = 0 . 9 9 ane .... (q./ qro )co n st = 1.01. At 

th e sane tine the fi c ure indicates the pos itions x/~ at 
which tho static press ure is taken fron the connectin g 
tube , this po s ition bei ng Biven by the point of intersec
tion of the lines (q/qO:» c onst with the lines of constnnt 

*I n order to ob tnin the f an il y of curves of fi G_ 19, the 
values of ( qjqro) t for c ons tant distan c e of the c ons 
p itot head f ron the unde r side of t he win g and the corre
s po ndin g VQlu o s of x/ ~ were p l ott ed as functions of the 
dis t an ce fron t h e win g up po r side . By cak in g use of the 
re s ult i n G fa:.1i l y of curves th o lin os (q/q(Xl )const and 

x/~ = const we re d rawn in on fig . 19. 
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x/to Inter~cdia te values nay be interp o lat ed . A consid
eration of fi ~ure 19 shows t ha t snaIl deviations fron the 
corr e ct l ocat ion of the static pressure t ubes and snaIl 
displaceoents in t he static press ure orifice at the con
necting tube l e ad on ly to vanishin g ly s naIl errors which 
are insi r,nifican t for practical fli ght o~eration. This 
circunstance is of ~re a t adv ant a ge for the series pr o
duct ion of dynan ic-p ress ure installations of this kind . 
Ac co r ding to fi g ure 19, th e true dynanic and stat ic pres 
sures are nost advan ta e e ously obtained in the foll owin g 
nani1cr . 

1. The static and dynnDic tub-es (in our case the 
Prandtl tube or dynanic tube with the sane c haract e ristics 
and c oefficients in oblique flow) are to b e located at the 
wing leading edge at a distan ce of 330 nD (thnt is, 8 .6 
percent of the win g chord a t t he Dountin g position) above 
th e upper side of th e wing and un de r the lower side of the 
win b , r es pee t i vel y • The d ire c t i on s 0 f t:1 e t u 1) C S arc t 0 be 
so ch o s e n th a t their axes of synDetry lie. as far as pos 
si b le, in the flow direction. The actual installation d i
oensions are shown i n fi s u r e 20. 

2. The static p ressur e o rifice s , those of t he upper 
side of the wing and t hose of the lower side , are then to 
be j oined b y a pres sure equalizing tube. A p ressure ori
f ice at a dist a nce of 0.3 9 o f the t o t al l en g th of the c on 
n e ctinG tube conputed fro D t he inlet a t the under side of 
t he wing then g ives t he true static pressure over the 
t o t al nornal flight range. Si nce we t acitly assune a 
li near pressure d r op in the tub e , t he l a t ter is to hav9 
such dinensions tha t un der all fli gh t conditi ons arising 
the inequalities (12a) or (12b) a re satisfied. 

d) Results.- On tho bRS is of the results of figure 
1 7 , t he double-head a rran Genent and t he c onne cting tube 
woro = ounte d as s hown on fi gure 20, fro n which the din en
sions of the connectin g tube can a ls o be taken. To avo id 
disturbances of the p r essure readin ~ s due to t he inflowing 
a~d outflowing at the slits of the static tube, the pi tot 
head at the un d er s i t e of the wing nnd the static tube at 
the upper side of t he win G we r e so dinensioned that their 
internal cross sections we re eve rywh e r e g reater t han those 
of t he connectin g tube . Th e latter was nade of a luo inuD 
and was of 3 DD i n s ide radius . In order to avoid initial 
disturb~nces, the inlet to the narr ower c onnecting tube 
was veIl rounded. The tot a l len g th of the tube was 6.405 ~. 
The naxinun p r ess ur e difference no r nally occurring be tween 
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the lower anJ up~or sides of the win e is about 110 k~/ha. 
CODputo..tiol1 by DOa!lS of f or r:; ul.D. (9a) or (12a) or a check 
by ponns of f ir;ure 15 S.10\"/S that th e co.nditions for linear 
pressure d ro p an d laninar flow ar e satisfied. The Danner 
of t ak in ~ t he true static pressure and t he loc a tion of the 
orifice nay Qe soon fron fi Gur o 20. Great care was taken 
to sec t ha t t ~e re was no narr owin g or widonin ~ of section 
of the connectin g tube. 

At t he po sition of tho static-~rossuro orifice, a 
brass tub e was con nec ted, the latt er bein G provided with 
severnl s calI pressure orifices. 3y Deans of a hollow 
rin ~ welded alo n G this tube as shown in f i gure 20, the 
orifice s a re n Il united . This ceth od of takin g the pres
suru was choson on ac c ount of the considerable error due 
to the i upe rfcct r eno v a l of the sharp ed Ges of the ori
ficest which ed g es were thus n vo i ded by unitin ~ several 
orifices in tho canne r doscriQod . In order to have a con
veniont countin c; of the connectin g t. 11be, it lI[[\.S roll ed up' 
into a s~iral o f about 0.5 n d ianet er . AlthouGh this ar
ran Genent is not an i deo.. l solution, it was choson because 
it was nos t convenient for t~e inve stigat ion at h~nd. 
Thus, for exanple b;" suitable arran Gecent of the connect
in g tub~.with res pec t t o t he dynanic-pressure ce ter, the 
effec t of t he centrifuGal forces in curved fli ght can be 
considerably oli n i na tcd. The connecting tube dLanetcr 
was purposely chosen rel a tively large in order to elininate 
stoppin g up or sources of e r ror ~ue to coisture deposit 
or dust particles, e tc. , in the tube . With ~ sca lIer in
side dianeter pf t he connectin g tube , the length nay be 
corrcspo~d i n G ly scalIer . (See fi g . 15.) The final ur
ran ~ enent of - the double ~hend installation at the win g is 
shown in fi Gure 21. 

The check c a libration carried ou t with the arran g e
nent gi ven in fi ~ures 20 and 21 is shown in figure 22. 
The aGro en ent botween the indi cated and true dynanic pres
sure is very satisfactory . Si n ce the total pressure, ex
cept for snaIl errors due to yaw , is correctly g iven and 
only t ho static p r essure at the Dauntin g position of the 
i n strucent is in error, t h e neu s·uri nG d r r un g encnt c;ives 
the true dy n an ic and static p ressur Qs over the entire nor
Da l flight ran~e . The altinetcr connected to the static
pressure head thus shows a ver the entire nornal flight 
ranGe t he true un d isturbed- air pres£ure or altitUde. Er
rors 'intho a ltitude read.ings which, particularly in blL1d 
fli Cht a t low a ltitude, nay becone very dangerous are thus 
avoided . This Great advantaGe is po int ed out with pur-
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ticular e nphasi s since, in practical fli ght, operation 
casas occur w~ere the altiGeter readin g s devi~ted by 50 
to 100 Deters fron the true value. 

Fi Gure 22 also shows tho effect of the landing flap 
deflection on th e dyna~ic p re s sure readin es . With full 
fl ap d eflection of 410, the rend in ~ s, particularly for 
l o r ~ e dynacic pressures, a re s ODewha t too snaIl. For 
snaIl dynanic pressures, the re ad in G with flap deflection 
p r ac tically coincides with th e zero setting of the fl ap . 
Th e dy n nn ic press ur e range in conin g to a landin ~ with the 
test airp l ane hera ooploycd lies between abo ut 70 and 100 
k~/ D2 . For a true dynao i c p re ss ure of 100 kg/rn 2 and with 
flap fully de flected th e i~dic~ted ~ynanic pressure devi
a tes by 2. 5 pe rcent fron the true v a lue . For a dynacic 
p ressure of 70 k g /n 2 nlso at full flap deflection, the 
indi cate d dynaD ic pressure a ga in a ~rees with t h e true value. 

e) A~va~tuees and further po ssi b iliti es of applica
tion.- T~e Det h od g iv e n a bo v e f o r De~suri nG t he static 
p re ss1lre and th e undis t ur~ed dynan ic p res su re hus the ad
vantaGes ove r th ose he ret ofo r e cep loyed and often involv
in G laree e rrors, t ~a t the true values of the static pres
sure or altitude and the t~ue dynauic p re ss ure are direct
ly given i ndependen t of th e f~i ght co ~d ition without in
volvin g inco n ve n ient s tructures t ha t i n cr ea se t h e weight 
and d rn G. The nost c onv en ient und safest loc a tion of tho 
in s truDent a ppoars in all c ases to be in the neighborhood 
of t h e win g leadin ~ ed~e w~ ere the r u tio (q/qm)const = 1 

is Dos t e~sily ob t a inable independen t of the flight atti
tude . For thi s reason in th e exan~ le here g iven the instru
Dent wa s Dount ed in the ne i gh borhood of t he win g le ad ing 
edge . Thi s n rr~ngenen t is not es sential however. It is 
also p os s i b l e , fo r 8xuDp l e , to ob t a i n th e true value o f the 
undis tur ~ed d ynaoic p r essur e whe n t he p r cssure head of the 
win g upper si ~e is Dounte d in t h e rt ei ghborhood of the wing 
le ~d i nG e dge wh ile that o f t he lower side lies consider
ably nft. An e x nDp l c is s~own in fi Guro 23 w~ere t he Deas
ured dynanic p r cs s 1lr e a t t he a~pcr an d l owc r sides of the 
win s , qo and qu, r espe ctiv e l y , a r e p lotted against the 
true d yn un i c ? r essur o qQ and the loc a ti on of the static 
p res sure ori~i c e a t t he conn e cting t ~b c de tcrcined where 
(q/qm)c on st = 1 over t ~e e ntir e fli Cht r a n Ge. The neas
uri n~ stat i ons o f the dynnn ic p res sur e are also indi cated. 

Th e new p roce du~e descr i bed -here for c easuring the dy
nan ic pressur3 Day be appli ed in all cas es. There are a 
lar Ge nucb e r of variatio n s possible which g ive the constant 
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rati o o f i n d i c at ed t o tru e d y n nDi c p ressu r e 

ov e r t he e n tir e fl i gh t r an e e and t h e r e a r c no di fficulties 
i n fin d i n g su c h arr~n ~e~on t s . I n al l c ases in wh ic h the 
v !'1. 1 uo ( q /CkP) CO l1 s t = 1 i s no t ob t a in ed , the r e a lYrays r e -

Da i ~8 t h e s r eat advan t a Ge t h a t q/ q oo i s co n s t a n t ove r the 
e n tir e fli Ght r an g e . Wit h t h e a c curacy r equi r e d f o r p r ac 
t ic n l fl i Gh t op e r a ti on , t h e a r r nn geDo n t e np l oy e d for one 
a i r p l ane Day d i r e c t ly b e app l ied t o o t h e r ai r p l anes of t h e 
s aDe t y p e an d int e rc h a ngeab il i ty of a p pa r a tu s i s t h u s 
g r ea t ly f a cili t a t e d . 

A fu rt h e r poss i bi lity o f a pp l ic a ti on wh e r e t he above 
De t h o d sho ws p r on i se is fo r h i e h- s p e e d a i r p l a n e s whe r e e ve n 
t h e s l i c h test d r a g i n cr ease s Du s t b e a vo i de d . Ther e is 
h e r e o f fe r ed t he po ss i b ility o f t ak i ng t h e s t a tic p r es s u r e s 
s i D~ ly b y o rific es i n t h e u ppe r an d low e r s i d es o f t he wi n g . 
The r e will t h e n be re qui r ed i n ad d ition on l y a t o t a l p r es 
s u r e h ead which c an b e l i n i t ed t o th o ab s o l u te ly ne ce s s a ry 
s i ze . 

I n the c a s e of a ir p l a ne wi th l and in g flap wi t h t he 
p r e se n t .day Dounti n G of t he p it o t- st ~tic t u b e t he r ead i ng 
a l s o c h an G ~s wit h t he f lap d efle ct ion s o t h a t dep e nd i n g 
on t h e noun ti n g po s i t i on of t h e i nstruD e nt the r e i s ob ta in ed 
e i t h e r a too l ar ~ e o r t o o s n a Il dynan i c p r essur e wi th fl ap 
d e f l e c ti on . Th e san ~ app l ies t o t he s t a t i c p r e ss ur e o r a l
t i tud e . Wit h the ne t h od he r e des c ribe d th e t rue d ynan i c 
p r e s s u r e r e ad in GS will be n a i n t a i ne d ' o r onl y s li ~htl y 

c h an g e d e v en wit h fl ap de fl e cti on . 

s m~t-[ARY 

Ho use f u l Be t ho d h as u p t o t he p r es e n t b een kn own f o r 
n ea s u ri n g t he true dy n aD i c p r essur e a nd st a tic p re ssure 
w i t ~ c o rr Qspon d i n g a ltitu~ e . Th o t h e o re t ical c omput a t ion s 
p u bl i shed i n t h e l it u r a t uro on t h e s ubjec t and a lso c y own 
f li gh t t e s t s ha~ e s ho wn t h a t i n t he coso o f the TI on op l an e 
i n t L e r OGi on whe re t h e p i t o t-s tatic tub e nay p r a ctic a lly 
b~ ~ ou~ t oQ t he r o i s n o po s i tion who r o , f o r t h e en t i r e 
f li ~h t r auge, the dynam ic p r es s ur e is t h a t o f t h e u nd is
t u r be d str ooD . 

I n t h e c a se o f th e b i p l a ne , t he rel a ti ons ar e c on s i d -
8 r a b l y mo r e f a v o r ab l e . The fi e l d o f f l ow be tw een t he two 
b i p l a ne s u rf a c es r ec e i ve ~ [\ de cr e a se in v e l ocity d u e to 
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the circul ~ tiJ n about t ho u ppe r wi~~ and an increase in 
velocity due t o t hn t ab out t he l ower win G. Con s idering 
n ow th e field of flow between t h e two b i p l a ne wings, a 
r eG ion will be found in which the re s ult an t velocity for 
all no r nnl l y occurri nc an Gles o f attack a e r ees with the 
u nd i s turbe d stranD ve l ocit y . Expe ri e nce sho ws that in the 
c a s e of t he b i p lane an un d isturbed Daunting location for 
the p itot- s t a tic tub e Day in e very case he quickl~ and 
easily f ou nel . 

Starti n B f r oD th e flow r elnti ons p r eva iling between 
the ~ i ~ l ane w i n ~ s , it is sLown t ha t a l so f o r the nono p lanc 
it is possib l e with t he ai d of a soall win e (coDpensatin g 
w i~ C ) Dounted abo ve t he Dain win e t o Dodify the ci~cula
tory a nd axia l flow a t the c oun t in s location in such a 
na~ao r t ha t t he undistu r bed dynnoic p ressur e Day be nCas
ure d directl y in its true value. A d isadvantage of this 
;l et llOC'_ is t he i ncrease i n J r aG inv olved . 

Fin a lly, as a satisfuc t ory so luti on f o r the oeasure
~ ent of t he true dynan ic a nd st ~t ic p ressu~ es a new o ethod 
was d ev e l oped which i n parti cul a r is app lic nb le in all 
c ases to tho nonop l ane . ~y t h i s De t hod, th e static pres 
sur e le ads o f tw o dynac ic or s t at ic p ressur e h e ads , one 
-f which i s Daun t ed above a n d t he other belo w t he win g , 
nrc connected t o eac~ o ther . Al on~ the conne ctin ~ tube 
t he r ~ then occurs a p r essur e d r op fr on t he lower to the 
uppe r s i de of t he wi n ~ . I f by suit able d i nens ion in g of 
t he ~ r ossur e equnlizi ~ g tu~ e (satisfy i n [ of the con d itions 
Gi v e n by t :le i nequ.:l. lit ~r (1 2n ) co.r o is t ake: , t o s ec t:"at 
t he p r essure d r op i n the connecting tub e i s linear a p o si 
tion Day be f oun d a t the con n ect i nG tube at wh ich th e true 
static ?r es~u r e is obta i ned indepe ndent of t he flight con
d ition. Th e t o t a l p r essur e , acc o r d i nc to t~e Dernoulli 
1 [1.\" , i s co ,-'l stant on t:te u Pl)e r anrl. l o,.,re r s i eles of the wing 
f o r t~e cas e of po t en ti a l flow , i.e., wh e rever the flow 
is free fr oD l o sses o r cir cllati on . The t ota l p ressure 
t he r e f o r e can be t aken eithe r at t he u ppe r or at the lower 
si d e of t he win c . 

Fr a ctic n l investi cn ti o~s i n fli c ht have proven the 
usefulness of t he new p roc e d ure for Donsurin g t he dynanic 
p r essure . Eve n wi t h full fl ap Qe fl ect i on of 41 0 no errors 
i n t ~c re ad i~ ~ s occurr ed f o r SDRII dyn~D ic pre ssures; for 
l a r c e r dyn~c ic p res s u r es t~ G Dax inuD error nnounted to 
- 2 . 5 p e rc c~ t . The new De t hot abov e d escribed has the ad
vantaGe as conpn red with t ho se e~ p l oyoe heretofore, oft e n 
i nvolvi~G l a r g e er r o r s , t ha t the true v alues o f t ~e static 
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p res sure or ~lt it u~0 an~ th o true dynanic p ressure nay d i
r e c t l y ba o b t ~ i~od without i nconvonient structures that 
increase t h o we i Gh t an d d ra~ . Fa ls e re ad in Gs i n t he dy
nanic 2 r essuro and e rrors i n t h e a ltinetor r eadin~ which 
n ay be cone dan Gor ou s partic ularly in low a ltitude b lind 
flyin G arc t h u s avoid ed b y t h i s ncthod . This advant a~c 
is of i ncstiDub le v a lue for p r n ctic al fli gh t operation 
s i nce r epea t ed c nses have occurre d whe re in add ition to 
co~ s i d erab l e e rr o r in t he d ynnn ic pressure indications 
the alt i n e t e r r eadin Gs deviate d by 50 to 100 no ters fron 
the t rue vc..lue . 

The a u t ho r exp r essos h i s t hanks t o h is teacher, 
P r o f . Dr. I 11 G. '\IT. H 0 f f, f I) r e nco u r L"1. c; Clf;} e n tin t his W 0 r k , 
also to the DVL f o r supp l y i n g the Deans for condmting the 
wo r k . Furt ~ o rno r e h e would like t o thank Pro f . Dr. Ever
lin ~ Qnd Pr of . Dr. - I~ G . F . We i ni c for t he ir suggestions 
for inp r ovo c en t and the i n tere s t tak e n . 

Translat io n b y S. Re i ss , 
lia t iona l Ad vi s ory Conn itt oo 
for Ae ron autics. 
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ncure 1.- Line. of equal flow .peed. accordln« to computation. of 
I. Weinig (ref. 2); &DCle of attacka: := -50'. 11ft 

coefficient ca~ 1.1. 

~ 2.- Line. of equal flow apeed accordin« \0 compu~tion. 
from En«ll.b win. tunnel meawarement. (ref •• ). 

1.00 
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l~e 7.- Compen.ating wing with pltot heads. The 
compenlating wing 11 rotatable about the 

pointe A and B. ~ dilplacement of the rear strut of the 
N bracing the setting of the compenlating wing may be 
varied. Di.tance of the compensating wing from upper 
side of the main wing is 35 percent of the main wing 
chord at the measuring position. Profile lection of 
compensating wing i, HACA W-12 •• pan 2.0 m. chord 0.3 m. 
Di.tanc8 of ~1c pre. sure measuring plane from lead1n4 
edge of compensating wing is 13.34 percent of compensat
ing wing chord or 1.414 percent main wing chord t. 
Diatance of dynamic prelsure meaauring plane from main 
w1nt; leading edge 31.8 percent of main wlIl& chord. at 
mea.uring position. Compensating wing area/main wing 
area = 1/76.7. 

rigure 16. - Preasure head arrAllCement thus 
far used on the Junkera Ju 52& 

Figure 21.- final arrangement of double
head installation. 
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example shows that the value (q/q~ const)= 1 can aleo 
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