
- , 

., 



TECHNICAL MEMORANDUMS 

NATI ONAL ADVI SORY CO MM I TTEE FOR AEROl~AUTI CS 

No. 655 

EXPER IMENT S WITH INTUBED PROPELLERS 

By L. St ipa 

L'Aerotecnica. August, 1931 

Washington 
January, 1932 

.. 



NATIONAL ADVISORY CO MM ITTEE FOR AERONAUTICS 

TECHNICAL MEMORANDUM NO. 655 

EXPERIMENTS WITH INTUBED PROPE~LBRS. 

By L. Stipa 

Tne writer, following his article publi shed in the 
April, 1931 number of L'Aerotecnica, under the title of 
"Ala a Turbina l! (turbine wing), i l lustrates the resu1 t s 
of the experiments with his new method of propulsion and 
explains its advantages. In describing the experiments 
with p rope ll ers operated in conjunction wit h a Venturi 
tube forming the only f u selage of the " turbine wing," it 
is necessary to use a different name f rom t he preceding 
one . 

WIND TUNNEL TESTS WITH PROPELLER ROTATING 

AT A FIXED POINT 

The above-mentioned article explains how the insi de 
shape of the longitudinal section of the Venturi-tube 
fuselage is of capit a l imp ortance for the success of the 
exp erime nts. Three types of tubes were d esi gned (fig. 1) 
by varyi ng the inside shape and, in the t h ird type, a1 so 
the outside shape, which ga.ve different experimental re­
sults. 

These fuselage tubes were made on a 1:5 scale. It 
was necessary to adopt such a large scale because the di ­
mensions of the tube had t o correspond to the size of the 
propeller. Experimenters know that results obtained wit~ 
a propeller model having a diameter of 'less than 50 em 
(about 20 in.) are not reliable. Hence, the s cale of the 
propel ler mode l being given, the scale of the fuselage 
model followed. 

Boreover, since the fuselage had t o be attached to 
the arms of the wind-tunnel balance, it had t o be very 
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light. In fact, it wa s made of sheet alu minum and did 
n ot we igh over 10 kg (22 Ib e ). (Jig. 2 0 ) The large 
size of the fuselage model creat ed d iff i culties in the 
wind-tunn el tests, which will b e considered later. 

Two propellers wer e chosen for the wind-tunnel tests: 
one fr om the seaplane C R 20 , the other fr om th e S 59. 
These two p ropellers differ chiefly in p itch, t he C R 20 
propel ler having a pitch of 0.4 72 m ( 1 ~55 f t.) a nd a di­
ameter of 0.48 m (1.57 fto), w~ile the propeller of t n e 
S 59 has a pit ch of 0.41 m (1. 35 ft .) and a diameter of 
0.5205 m (1.71 ft.). 

The following t ests were made with each pr opeller: 

1. Propeller al one ; 
2. " in presenc e of Venturi - tube fu selage; 
3 • It i n t e g r al wit h " " " 
4. Resistanc e of Venturi - tub e fuselag e at different 

revoluti on speeds of the propel ler. 

The first test was made by at taching the propell er to 
the arm of t he balance of the tunne l pr ope ll ers, with the 
dete r mination of the t hrust ~ m. devel oped by the pro­
pel ler and of the p ower W. m. absorbed by the propeller 
at different revoluti on spee ds of the prop eller. 

The thrust was me asured in ki l ograms and the power 
in kilogram-meters. The r e sult s f or b oth propellers are 
given in Table I. 

TABLE I 

Propeller of C R 20 
-
r.p. m. W.m. 
of pro- P owe r 
peller ab-

sorbed 
by pr o-
peller 

kgm 

2600 24.6 7 
3000 32.61 
3400 47.65 
3800 67 .30 
4200 91.85 
4600 121.0 
5000 1 60 .6 
--- - -- '---

T.m 
Thru 
pro 

duce 
by p 
pell 

kg 

...,----
• 
st 

d T.m. 
ro- W.m . 
er 

I 
! 
I ----. i-' 

1.41 
1. 95 

1
2

•
55 

3.18 

1

3
•
95 

4.79 
15 • 73 

o 0.057l! 
o 0.0598 
o 0.0537 
5 0.0472 
o 0.0430 
5 0.0396 
o 0.0356 

kgm X 7 .23298 = ft~-lb. 

Prop eller of S 59 
....---- -

r.p.m • W. m. T.m . 
of pro- Power Thrust 
peller ab - pro-

sorbed duced !.!-!!L. 
by pl'O- by pro n.m 

-P
ller peller 

kgm kg 
------4-

I 

2600 25 .. 92 ' -2. 1 25 0.082 
3000 37 .4 2. 775 0 . 0742 
3400 48 . 1 3.550 0.0723 
3800 73 .7 4 . 425 0 . 060 
4200 99.4 5 .400 0 . 0543 
4600 129 6 .4l0 0 .0500 
5000 1 63 7 .425 0 .045 5 

... - -- ._---- ._-
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The sec an d test was made by attaching the prop el ler 
as above and pl a cing behind it t h e Ventur i - tube fuse l age 
(fig. 3), which was attached to t he wi nd- t un n el wal l s . 
The same data were determi n ed f or Do t h p ropell ers a s given 
in Table II. These data were obt ai ned wi th t he mo dif i ed 
Venturi-tube fuselage (2d series of tests) . 

TABLE II 
- ---- - ---.. -.--

Propeller of C R 20 Propeller of S 59 

[W.rn . I 
- "--- - - -- - - -

T.m . W.rn . T.m. 
Power Thrust Pow er Thrust 

ab- pro- ab- pro-
r.p.m. sorbed duced T.m. r op .m. sorbed duc ed 'r..!lI!.!.. 
o f pro- by pro- by pro- W.m. a.f pro- by p ro- b y pr o 'I1 .m . 
poller p ell er peller pell e r peller I p e ller 

kgm kg kgrn kg --+ 
- - - -- f--. - - --- ---- -------

2200 9.29 0.775 0.0834 2200 9.54 1.10 0 0 .1153 
2 600 16.69 1 . 225 0.0733 2600 21.45 1.875 0. 0 874 
3000 27.0 1. 700 0.0630 1 3000 33.70 2.550 0.075 6 
3400 40.26 2.250 

0.
0558

1 
3400 49.24 3.32 5 0.0 675 

3800 56 .3 6 2.875 0.0510 3800 
I 

67.91 4.200 0. 06 18 
4200 7 6. 85 3.550 I 0.0460 I 4200 92 .63 5.100 0.0550 
4600 100 . 86 4.265 I 0.0422 ) 4600 1121 . 67 6.100 0 . 0 50 0 
5000 128.87 5.025 i 0.0390 I 

I 

The third test was made by attaching the propeller 
alone to the balance and securing firmly ta the same arm 
t h e Venturi-tube fuselage, so as to measure on the o alance 
the thrust r esult i ng from the traction of the prop e ller and 
fr om the res i stance of the Venturi-tube fuselage . (F i g. 4 .) 

Analogous data were d e termined by varying t h e r .p.m. 
o f the propeller. The r esu lts are given in Table III an d 
r e f er to the modi f ied Venturi-tube f uselage. which wa s 
used in the second series of exper iments. 
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TABLE I II 
--

ropeller of C R 20 Propeller of S 59 

W.m. T.m. 
. ------~----~-I W.m ~ Tom. 

Power Thrust Power Thrus 

• ab- pro- r.p.m. ab- pro-
0- sorbed duced T.rn . of pro- sorbed duced 
r by pro- by pro- W.m. pel'ler by pr o- by pr 

peller peller p e ller pelle 
kgm kg kgm kg -- _. 

5.25 0.825 0.157 3000 I 36.86 3 0 175 
9.49 1~250 0.13 3400 51.37 4 . 03 7 

17.23 1.750 0.101 3800 75 . 19 5 .. 050 
27.60 2 . 350 0 . 0851 4200 95 a O 6. 125 
40.21 3 Q 075 

0.
0764

1 
4600 125.49 7.437 

58 . 74 3.850 0.0655 4800 146.30 8.150 
78.44 4.712 10.06001 

104.24 5.650 , __ L / 0.0542 
j... -

4 

t r T.m ••. 

o W.rn. 
r 

0.0861 
0.0786 
0.0709 
0.064:4 
0.0592 
0.0557 

--'--.. _ .. •.. '- --

The data for the C R 20 propeller are plotted in Fig­
Ure 5 and for t he S 59 inwFigure 6. In order to be better 
able to ' d etermine the difference between the various 
thrusts and powe~under the three different conditions, it 
was thought best to determine the ratio between the thrust 
and the power at different revolution speeds. This ratio 
is g iven in the fourth column of Table III and plotted in 
Figures 7 and 8 for propellers C R 20 and S 59. respective­
ly. The results clearly indicate the advantage of the pro­
peller integral with the Venturi- tube fuselago over the 
propeller alone and in the presenco of the V~nturi-tube 
fuselage. 

As to what caused tho greater traction and the less 
power absorbed by the propeller integral with the Venturi­
tub e fuselage with respect to the p r opeller alo ne, it vias 
obv iously the reaction (not resi stance) of the Venturi­
tube fusel age, which was confirmed by the fourth test. In 
this test the propel l er al one was attached to the wind­
tunnel balance. This balance was secu.red, however, in 8. 

position of stability in su.ch a way as not to be affect ed 
by the propeller thrust. The f usolage was mounted ne a r 
the propeller, as already shown, but suspended from a dif­
ferent balanco, so as to make it possible to vary its 
fore-and-aft position according to whether there was a re­
sistance or a reaction. (Fig. 9.) 
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By varying the ~r~peller r.p.m. from a minimum to a 
maximum, a reaction was always obtained, the values of 
which are given in Table IV and p lotted in Figure 10. 

TABLE lV 

5 

Propeller r.p.m, 

Resist a nce in 
gr arns (react ion) 

;~~r~-<----·-'------­

l~r~ 12~20H' 3010 I 3~7~. 
-202 -300 -423 -562-690 

- - --t-_·· ·_-----3766 4170 - -- - -- -.-. -

-832 ... 985 
--------------------~-- ~----~~ 

~i gure 10 also contains the c u rve f or the reaction 
obt a i n e d fro m t h e unmodified Venturi-tub e fu s elag e with 
the C R 20 p rop eller. 

The greater reaction was obtained- with the modifie d 
fuselage and the S 59 propeller (second series of exp er­
iments) . This re·action is equal to the difference behTeen 
the thrust obtained with the p ropeller inte gral with t h e 
fuselage and the thrust of the same propeller in the pres­
ence of the same fuselage. Hence, it is possible, for t ~le 

difference between analogous thrusts, to determine also 
the reaction obtained with this fuselage and the C R 20 
propeller. (Fig. 5.) 

These data clearly demonstr a te the effect o f the i~­
side shap e of the fuselage, since a sli ght variation of 
the latter produces very different results. This e f fect 
will be still more clearly shown in the following account 
of the wind-tunn el tests . 

WIND-TUNNEL TESTS 

These tests were made with the same C R 20 an d S 59 
propellers, as follows! 

1. Propeller alone with wind velocities of 15 and 2 0 
m (49 . 2 and 65.6 ft .) per second ; 

2. Propeller in presence of Venturi-tube fuselag e 
with wind velocities of 15 and 20 ill por second; 

3. Propeller integral with Venturi-tube fuselag e with 
wind velocities of 15 and 20 m p er second; 
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4 . Resistance of Yenturi-tube fuse l age from varying 
the wind ve lo city; 

5 . Res istan ce of Venturi-tube fuselage with wind of 
20 m/s at different propeller r~p.m.; 

6 . C R 20 propeller integral with C R 20 fuselage. 

For brevity. only the results obtained with a wind 
vel ocity of 20 m (65.6 ft.) per sec ond are gi ven , sinc e 
the results obtained with the wind velocity of 15 m (49 
ft .) per second are analogous to the f ormer. 

Tests 2. 3, 4 and 5 were each made three times with 
the unmo dified Venturi -tube fuselage (first series of ox­
periments), with the modified fuselage (second series), 
and wi th the second modifi cati on (third seri e s). as shown 
in Figure 1. The pr opeller mai ntai ned the posi tion indi­
cated in Figure 11. 

Returning to the experiments wi th the prope ller ro­
tating at a fixed point, the excess ive dimensions of t~e 
Venturi-tube fuselag e h ave already been noted. The veloc­
ity of the air in the tunnel was measur ed at a certain 
distance upstream from the mod el (f ig. 11), and, if the 
mode l was very large, it diminished the free section of 
the air passage and consequently incre ased tho vel ocity. 

In our case , the d iamete r of the tunnel at the model 
is 2 m (6 . 56 ft.) wi th a secti on of 3.1416 m2 (33.82 sq . ft ~. 
The model of the Venturi-tube fus elage (second series) 
has a parasite section of 0.28 m2 (3.01 sq.ft.). The wind 
velocity of 20 mist measured upstream in correspondence 
with the model, is 20 X 3.1416/2.8616 = 22, o r an in­
creasS of 10%. It should be borne in mind that the re­
s istance also increases with the square of the velocity, 
but this increase is disregarded i n the following calcula­
tions. Renee, the values of ~ = V/ND and of the effi­
ciency '1") = T ~ /X are both increased 10% for the propel­
ler integral with the Venturi-tube fus elage. 

In Figures 12 and 13, there ar'e plotted the results 
of tests 1, 2 and 3 with propellers C R 20 and S 59, re­
spectively, and with the modified Venturi-tube fuselage 
(second series). These curv es show how tho efficiency of 
t he pr opeller is increased by the presence of the Venturi­
tube fuselage in bot~ these cases. 
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The efficiency of the propeller in t egr a l with the 
fuselage also includes the total resist a nce of the f se­
lage. Moreover, the ab ove- men t ioned 10% Du st be added. 

7 

Figu res 14 and 15 sh ow the effect of the ins i de shape 
of t h e fuselage on the char acteristics of the C R 20 a n d 
S 5 9 propellers integral with the unmodifi e d fuselage 
(first series). The maximum efficienci e s are much i nferi ­
or to those ob tained with t he modified f u se l a ge . 

In experiment No . 4 f or both the modi fi e d and u nmod ­
ified fuselage , the r e si s tances are pl o t t ed i n Figu re 1 6 
for an increase in t h e wind velocity f r om 1 0 to 3 0 m 
(32.8 to 98 .4 f t . ) p er s e cond e Note t he g r eat re duction 
in t h o r esist anc e of the modif ied f usel age as compared 
wi th t he resistance of the unmodified fus e l a g e . 

In test No.5 we obtain the resistances of the same 
t wo f uselages with a wind v e l oc i ty of 20 m/s an d varying 
prop eller r.p.m . Note he r e also tho g rea t reduction in 
tho r esi st ance of the modified fu sol age (fig. 17) and t ~ e 
di f fe re nt course of the curve. 

I n order to make a practical comparison of the char­
acterist i cs of the propeller C R 20 in t egr al with the 
Venturi-tube fuse l age, it is intended t o mak e the same 
propeller integral wit h the model of t he fu selage of the 
C R 20 seaplane . The fuselage of the C R 20 seap l ane con­
sisted of one central hull (fig. 18), to which were at­
tached all the other par t s (struts, landing g ear , wings , 
etc . ) covered by the propeller . (Fig . 18 .) 

In order to obtain the most unfavorable conditions, 
there was purposely cho s en the C R 20 pursuit seaplane, 
the finest obtainable , while f or c ompari son there was se­
lected another airplane of le s s f avorable characteristics. 
The characteri st i c s of the prop elle r C R 20 integral with 
the fuselage of the seaplane C R 20 are pl o tted in Figure 
20 . I n thi s f i gu re a nd in comparison with these charac­
ter i s t ics , t ber e ar e plott ed t h e curves for the same p ro ­
pe ll e r i nt e gr a l with the Ventur i -tube fu selage. 

I f, a s already me ntion ed , t h e 1 0% correction is made 
in t he efficiency cu r v e of t h e C R 20 p ropelle r inte gral 
with t ~e Ventur i- tube fuse l age, there is found a decisiv e 
adv antage of the lat t e r , in that its efficiency is great­
er up to ~ = 0 0 45. Above this value of ~, however, 
the maximum efficiency is slightly less, but remains near-
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ly constant over a large range of ~. This always without 
taking account of the increased resistance due to the in­
creased wind velocity near the model. 

The difficult take-off of the transatlantic seaplanes 
S 55 from Bolama is remembered. Difficulty is still ex­
perienced in taking off from th e Libyan Desert. The dif­
ficulty can be gr eatly reduced by this method, because 
the pr ope ller traction or thrust is g reatly increased and 
the ab sorbed p ower reduced at the velocity of the take-off. 

In this connection it may also be affirmed that it is 
not ne ce ssary to reduce the revolutions of the variable 
pitch propeller, if the propeller is intubed, consequent­
ly reducing the size of the parts and the woight of the 
engine and increasing the reliabilit y of functioning. 

I now take the liberty to make an observati on regard­
ing the system whi ch yields the char act erist ic curves 
of tile C R 20 and S 59 propellers int egr a l wi th the Ven­
turi-tube fuselage. This observation regards the method 
by TIhich the values of , = V/ND are obtained. D is 
constant . Vis fixed and remains constant during the 
whole test. On the other hand, N varies from tho min­
imum to the maximum value permitted by the wind-tunnel 
balance. 

The ~. thus obtained. is valid for isolated pr o ­
pellers and for propellers in the pre sence of or integral 
with a normal fuselage swept by the slipstream, because 
the entire fuselage is exposed to the wind velocity V 
increased by the velocity of the slipstream, 

In the case of the Venturi-tuba fuselage, on11 the 
inside is under the above condition~t while the outsi d e 
is always exposed to a ve locity V of the wi~d. which is 
constant and fixed from the beginning of the exp eriment. 
As is well known, th~p velocity induces on the fuselage a 
certain resistance of constant value for the duration of 
the experiment. 

Figure 10 shows that the effective thrust due to the 
fuselage increases as the revolution speed of the propel­
l er increases ~ Hence the propeller must be given a suit­
aole speed because it must overcome the drag of the out­
side portion. 
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But such conditions do no t occur in practice. An 
airplane starts from a speed of zero and inc reases gradu­
ally up t o. its maximum speed. The propeller r.p.m . also 
increases, but much more slowly than the speed of the air­
plane , becauso this increaso is due simply to the fac t 
that the propeller rotating at a fixed point brakes the 
engine and prevents it from developing its full p owe r . 
The variation in the r.p.m. cannot amount t o more than 100 
or possibly 150 and is therefore almost negligible . 

However, ~ should be obtained by varying V and by 
slightly varying (or even keeping const ant) the propeller 
r.p.m C ! for the purpose of simulating, in so far as possi­
ble, the actual operating condit ions of the propeller. 

Tests were made wi th the propeller integral with the 
Venturi-tube fuselage, wi th cons t ant N and variable V. 
The results are shown in Figur e 21 (third series of e xpe r ­
imen t s) , as compared wi th cor re sponding dat a 0 bt ai n ed by 
varying the op .m. he diff e rence is obvious and shows 
that my ob s e r vat io .: was c orrec t . Nevertheless, i t no 
longer see ms p o sst ble . i n the study of the present craft, 
to apply Renar d ' s law of simi l'tude, obtai ne d by v a rying 
the ropam. but it must be obtained instead by varying t he 
velo ci ty of the air current . 

In orde r to determine the g eater efficiency of the 
pr opeller i n tegral with the fu~elag eo it is wol l to c on­
Sider the following points: 

Ie The experiments showed the resistance of the Ven­
turi- tube fuse lage at d ifferent wind ve l ocities and, in 
part i cul ar , a resistance of 0 0 7 kg (1 0 54 lb. ) (sec ond se­
ri e s) (f ig. 16) at a velocity of 20 mls (65.6 ft ./soc.). 

2 . From the e xperiment s we determine the thrust, the 
power abso r bed an d th e efficiency of each of the t wo ~ro ­
pe llers, t ho C R 20 and the S 59 , integral with tho modi­
fied Venturi -tube fuselage. (F igs. 12 and 13.) 

3. The effecti ve thrus t of bo th propellers in said 
condition is the sum of the resultan t thrust, mea sure d 
by the tunnel balance, and of the resi st anc e of the Ve n ­
turi tube at the given wind velocity. 

This. because in order t o obtain a posit ive propel~ 
ler thrust, it must first overcome the resistance of the 
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Venturi-tube fuselage. Moreover, it is desirable to keep 
the resistance of the fuselage constant at different pro­
peller speeds, because its increase or decrease is due to 
t he effect of the rotation of the propeller and therefore 
i s the effect of the propeller itself . In an airplane we 
have S = R (S = propeller thrust and R = airplane re­
sistGnce or d r ag) . 

In the experiments integral with the Venturi-tube 
fuselage, we obtained a thrust differenc e between the to­
tal propeller thrust and the res i s tance of the fuselaGe~ 
i .0 . , P = S - R (p = thrust me-asured on the balance). 
Hence the total effective t rus t of the p ropeller is 
S = P + R. These corre c ti ons of the thrust and hence of 
the efficiency are given in Table V. Apparently, there 
is no variati on in the p ower abs orbed. 

TABLE V 

Propel l or of Seaplane C R 20 
-,--- ..--- ---- --

Thrust Total 
Propeller on thrust 

T x r. p . m. balance 
kg kg 

------!-------+---------+-------,..--- ------+--- ----- - ----- --

3200 
3600 
4000 
4400 
4800 
5200 

Propeller 
r. p.m . 

3000 
3400 
3800 
4200 
4600 
5000 ------_ .. 

j 

0 . 700 1 . 400 0 . 777 0.0744 0.063 0.91 6 8 
1 .262 1 . 9 62 0.691 0 . 0824 0 . 066 0.8 637 
1 . 937 2.637 0 . 622 0.0898 0.067 0.S35 
2 . 675 3 . 375 0.565 0.0946/0.0599 0 .. ? 6-5 
3.525 4 . 225 0.51 8 10 . 0999 0.0717 0.721 

_4_._5_1_2_-+-_5_. _2 __ 1_2_-'--0_. __ 4_7_~_L_~_._1_05 __ ~_0_7l_9 _ ~~~_~~_ 

Propeller of Seaplane S 59 
-- ------ --------;-------~-. 

Th rust Total 
on thrust ry X ba lance i 1") 

kg kg 
- ------- - - - - ,-------

O. 625 1 . 325 0 . 774 10 . 0572 0.0465 0.952 
1 . 325 2 . 025 0.684 10. 068 0.0524 0.882 
2. 150 2.850 0.611 0. 07 65 10.0559 0.837 
3. 037 3'~ 0,553 lO'084:Jlj'05? 0.8129 
4 . 025 4.725 0.505 0.0869 0.0568 0.772 6 
5 . 062 -.L~762 _ 0,464 0 . 0897 O.:~~~? __ 0.721 

--- - --
kg X 2 . 20462 = lb . 
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These data, measured in curves and superposed in Fi g ­
ures 12 and 13, a re als o plotted in Figures 22 and 23 , on 
which is shown the incr e ased efficiency of the propeller 
integral with t he Venturi-tube fuselage (by subtracting 
the fuselage resi st ance), as c ompared with the same alone 
and in the presence of the fuselage. The fuselage resist­
ance forms part of tho total res ist ance and hence of t~e 
total efficiency of the entire craf t. We will t h erefore 
exami ne , in a future article, the exper iment al efficiency 
results obtained with the complet e turbine wing. Other 
very useful applications can be made of the principle of 
the turbino wing. 

If there are openings in the sides of the Venturi­
tube fuselage (f igs. 24 and 25) ending near the narrowest 
section of the tube, ~here the negative pressure is tho 
greatost, a reversal of the air flow is obtainod. If this 
r eversal is f orward, it in creases tho thrus t (fie. 24); 
if upward j it increases the lift. Experiments will soon 
be instituted in this connection. At present we have the 
following c onclusions : 

1. The efficiency of a p ropell~r in the presence of 
a Venturi-tube fuselage is greater than tha,t of an iso­
lated propeller; 

2. The efficiency of a propeller integral with a Ven­
turi-tube fuselage is greater than that of a n isolated 
pr opelle r or of a pr opeller in the presen ce of the snme 
fusel age; 

3. The Ventur i-tube fuselage, when the propeller is 
running , offers no resistance, but produces a thrust (re­
action) , which i ncr eases the p ropeller thrust, an shown 
by Figure 10; 

4. The functioning of the propeller is g reatl y af­
fected by the inside shape of the Venturi-tube fuselage. 

Tra.ns lation by Dwight M. lHner, 
Nation~l Advi sory Committee 
for Aeronautics. 
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