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1. u.s. Navy Symposium on Aeroballistics , 
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1.1 The S:ymposium cons i sted of 4 technical sessions and an 
all dny visit t o H.O. T. S., Inyokern . The texts of papers, 
together with the di scus sions, are to be distributed later 
to the parti"cip_ati_:z:gorganizations. Some remarks concerning 
pnpers of par t icular interes t to ourselves at present are 
given below, toge t h er with a dditional re f erences . 

1.2 Aerodynamic i nterference of the parent aircraft nnd nir­
lnunched Missile s . Two papers were given on the above subject . 
The first, 

"s ome nerodynanic interference effects of the 
pnrent a ircraft on air-launch ed missiles" by 
H. W. Hunter and n.:-1 . Luce of the Douglns Air­
craft Co . (BuA er Project Sparrow) lit denlt with 
theoretical and experimental work on l aunch­
ing of Sparrow missiles from XF3D aircraft, 
the missiles being underslung, and located 
alternat i vely a t 6.5, 8 . 5 and 12 . 5 ft. from 
the a/c centerline . It was found that , due 
to flow induced by the aircrnft wing, the 
missiles would rotate in pitch and roll 
after launching . The calculated wing in­
duced angle of attack amounted to about 5° 
max. and this caused serious mis s ile rotation 
in pitch, nece ss itating a 0.1 sec . arihing 
delay in orde~ to ensure nircraft safety. 

k Additionnl r ef e rences : 

J.C. Stamper Interim report on an examination of the ef fects 
R. W. Luce on launching of the Sparrow II missile of the 

aerodynamic interference beti-reen t h e ai1°plane 
wing, launching pylon and missile . Dou el as Air­
craft Co . Rep . SH14120, 26 Oct . 1951 

J . C. Stamper Effects of aerodynami c interference of n parent 
R. w. Luce nircraft on the Sparrow II mis s ile 
E. J . Velton 

DOU[;las Aircraft Co . Rep . SJl.!14383 .(To be published 

Douelas Ai r cra ft Co. Rep . SH 14334 - Subsonic Spar row Tunnel 
tests . 
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From the point of view of rolli?'l.G motion, a 
shorter delay would have been satisfactory. 

At 5000 ft. altitude, M = 0.91, the missile 
rotated in pitch at 100°/sec, using a short 
launcher. The rate of rotation was reduced 
to¼ using 1 ft. launching rails and oliminatod 
with 3 ft. rails. 

At 20000 ft. altitude, M = 0.7, the rotation in 
pitch amounted to 25°/sec. (standard launcher). 

The above resu]t s were in general agreoment with 
wtnd tunnel tests carried out at NACA Langley 
over transonic speed range. 

In the discussion of this paper Dr. HacPhail 
suggested that in order to avoid pitching motion 
the missile wings could be preset to compensate 
for the wing induced angle of attack . This 
apparently was not considered by Douglas 
Aircraft Co., the wings bo ing presu...'118. bly 
locked during the propulsion phase. 

The s econd paper: 
"The effect of missile jet discharges on the 
aerodynamics of the launching aircraft" by 
J. Goldsmith, U. A.c., BuAer Project,k dealt 
with the problem of jet-wing interference and was 

based on sfrrulated, small scale, wind-tunnel tests. 
A maximum increase in lift a.mounting to Ac'-= 0.04 
was observed on a half wing wl th jet located at 
15% chord above the wing. On the basis of 
calculations for a 17000 lb. a.u.w. aircraft 

K Additional references: 

J. Goldsmith 
J.L. Houlton Effect of missile jet blast on the 

of the launching aircraft 
U.A.c. Research Dept . Report No . 
1-4-52. 

aerodynamics 

95438-10, 
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carrying a 2000 lb. missile it was suggested that 
dangerous rates of aircraft roll may result with a 
missile climbing at a suitable, slow rate. However, 
it was felt that the extreme example quoted (very 
light aircraft and a heavy missile) was rather un­
realistic and that there was as yet no proof that 
the problem was a serious one in practice. More­
over, the calculations were based on wind tunnel 
data averaged out for positions of jet nozzle up 
to six ·wing chords a.head of the wing - again a 
rather doubtful procedure. 

1.3 "Thrust axis control of supersonic noz zles by jet 
shock interference" by G.F. Hausmann.and J.T. Corso, 
u.1..c., Project Meteor . 

O F l Q ... 

This paper dealt with control of rockets and boosters 
in accelerated flight at low velocities, at which ex­
tornal ·aerodynamie control surfaces are ineffective. 
As an alternative to jet-vane controls (as used in 
V2 and difficult to arrange in view of high tempera­
tures), deflection of supersonic jet inside the 
nozzle by means of small , high pres sure gas jets 
discharging into tl1e nozzle was proposed and ex­
perimentally investigated. It gave very satisfactory 
results (large side thrust components) and a complete 
control system was proposed using four equally spaced 
orifices and a tubular hieh pressure gas container. 

1.4 Aerodynamic data on cruciform missile configurations. 

A series of six papers dealt witl1 various aspects of 
the above subject, including wing-body-tail inter-
ference and aero-elastic effects for movable wing •· 
and fixed wing designs. Extensive tunnel results 
(C.A.L. and A.D.L.) were compared with theoretical 
estimates, in some cases at angles of attack reach-
ing 25°. 

It is the writer's impression that in the present 
stage of devolooment of cruciform missiles the r e is 
enough f'undar.iental (general and detailed ) data avail-
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able for aerodynami c design purpos e s and that 
therefore further work on such projects should 
be restricted to tests of specific des i gns. 

The final session of the Symposium was devoted 
to hypersonics and papers dealing with hypersonic 
tunnels, fli ght of ultra-speed (M :::::: 15) pellets, 
relaxation phenomena, etc., were presented. Some 
pro gress has been made with operation of small 
hypersonic tunnels and reliable 'boundary layer 
measurements are now being obtained at large 
Mach Nwubers . However , the difficulties of 
operation and desi gn of hypersonic t unnels of 
any size running at high temperatures and stagna­
tion pressures, are still i mmense and a large 
proportion of effort is devoted to tunnel develop­
ment rather than testing . 

Vi s it to U.S. Naval Ordnance Test Station, Inyokern. 

OF ... -1_ 9 

The main activities of N.o.T.s. are -the development 
of solid propellant rocket weapons and open-air . 
range testing of r ocket projectiles and missiles-. 
The Terrier ran3e was inspected and a demonstration 
round of 2.75 11 FFAR (Folding Fin Air craft Rocket) 
was seen fired from a 6° ramp, boosted to 750 ft./sec. 
The roclrnt was said to attain J000 ft./sec. velocity 
and 7500 yards range . 

The new, enclosed, atmospheric shooting range was 
visited. It is 480 ft. long and about JO x 40 ft. 
in cross-section. The large cross-sectional area is 
provided in order to accomodate models which are 
unstable, particularly at transonic speeds. Over 
20 photographic stations. are installed, two cameras 
being mounted at each station, their optical axis 
making an angle of about 90°, as indicated in fig. 1. 
Wide-angle cameras cover the who l e trajectory and 
six exposures (on one plate) are taken by each 
camera with t he aid of a t i med flashing unit . The 
photog!'aphs, a s indicated in fig. 1, are taken by 
reflected light and a bright background is obtained 
with Scotchlite reflectors. The flashes are tri ggered 
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by projectile passing lightscreens before each 
photographic sta t ion . It is claimed that the 
projectile position can be determined to with-
in 0 . 0001 in . from the negatives - however, no 
satisfactory explanation was e lven of the method 
to achieve this h i gh order of accuracy. 

OF 

2. Visit to the Jet Propulsion Laboratory, Hay 16
1 

1952 . 

2 . 1 A brief visit was paid to JPLJi and their two suhersonic 
tunnels, 12 11 and 20" square, were se en . From t e point 
of view of accura cy of measurements and instrumentation, 

the JPL tunnels are pro bably the b~st in the U. S .A. 
Both tunnels are fitte d wi th flexible nozzles (the 
larger one has a completely automatic jacking s ystem) 
which appear• completely satisfactory and operatea 
over a very wide .Mach No. range (up to 4 . 9 in 20 in . 
tunnel) . The 12 in . tunnel is driven by 4000 h . p. 
compres sors and 16000 h . p . is used for 20 in. 
tunnel (60 p . s . i. at M = 4 . 9) . A 3-component strain 
gauge balance is used in the 12 in . tunnel and a 
mechanical 6-component balnnce, mounted on solid 
flexures and using hydraulic pick- ups is mounted in 
the 20 in . t unnel . Pressure s are measured on multi­
tube, silicone oil manometers connected to a low 
reference pressure and manifolds are arranged so 
tha t no fluid will enter the pressure lines in 
case of vacuum failure or sudden decrease of tunnel 
pressure . 

2 . 2 The flexible nozzle design is similar in both 
tunnels and consists of a solid steel olate with 
integral lue;s t o which j acks ure atta ched with pinsN}I , 
s ee fi g . 2 . This de s i gn l s hl[)ily satisf ac tory but 
not f ree from t rans vers e di s tor tion of the p l a. te due 
to effects of edces anu l a ck of l uc suppor t a t ed~es , 

Discussions were he l d with : 
Dr. Lou i s Dunn, Dire ctor 
Hr . Frank Goddart, Head, Wind Tunnel Section 
Mr . Barnett , i/c 12 11 Tunnel 

n 

Mr . Howard , i/c 20 " Tunnel 
For dotails

11
see "Design and operation of a 12 in . supersonic 

wind tunnel by A.E. Puckett, I . Ae . Sc . Preprint 160, 19L~8 
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the transverse deflection a.mounting to some 
0 . 005 in . However , this has no adverse effect on 
flow distribution. 

As regards the aerodynamics of nozzle design, a 
difficulty was encountered in matching theoretical 
desien profile and shape obtainavle with the 
flexible wall . The nozzles were desii:;ned with 
a straight profile downstream of the throat and 
therefore a discontinuity in curvature occured 
where the conc~ve profile started . The flexible 
wall produced of course a continuous curvature 
and as a result a shock and expa nsion system was 
observed at the beginning of the test 
Except for this region the flow distribution was 
however sati::ifactory. 

2. 3 In the Wind Tunnel Section of JPL a total of about 
seventy people a.re employed , with about 20 professionals. 
A bout 70% of tunnel time is devoted to s neci.Cic 
pr oject tests while 30% is reserved for ~oping with 
breakdowns and fundamental work . 

2.4 Basic research on skin friction and heat transfer on 
a flat plate , using a direct friction force measuring 
technique, is in progress in the JPL tunnels . 

3. Visit to N. A. C.A . Ames Aeronautical Laboratory, May 19 
and 21 1 19,52 

3. 1 The object of this visit was to discuss the design of 
large , high speed wi nd tunnels and wind tunnel test-
ing technique a t transonic speeds.k In addition, 
several high speed and hypersonic tunnels were in­
spected and their features discussed . Some of the • 
tunnels installed at Ames Lab . a re listed below. The 
total instal led power (at present) amounts to 110000 h . p. 

-Jr. General d i scussions were held with Dr . Henry J. DeFrance , 
Di rector and Mr . Bioletti, Assoc . Director . 
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10 x 14 in. 2 Hypersonic Tunnel - open circuit 

6 x 6 ft. 2, M ~ 2, Supersoni c Tunnel, Sliding Block no zz le) 
) 

16 ft. dia. M ~ 1, H.S. Tunnel, converted to slotted W.s. ) 

l x 3 ft. 2, Supersonic Tunnel, Flexible no zzle 
) closed 
)circuit 
) 
) 12 ft. dia., variable density, H.S. Tunnel 

1 x 3 ft. 2, Free flight supersonic tunnel) Driven from 12 ft. dia . 
tunnel used as air 

resevoir (6 at. pres sure) • l x 3 ft. 2, Supersoni c Tunnel 
) 
) 

3.2 10 x 14 in. 2 Hypersonic Tunnel 

The drive arr?,I1gement of this tunnel is unusual 
and, as shown in fig . 3, consists of centrifugal 
compressor s at intake giving 6 at . and Fuller pu.rnps 
in parallel with aircraft type superchargers connected 
to the diffuser. The tunnel circuit is "open" and 
diffuser flow is split by means of boundary layer 
scoops (on two walls only), which collect low total 
head air, compressed by Fuller pumps. The main 
tunnel flow passes t hrough aircraft type turbo­
supercha r ger s driven by 6 at . air from the intake 
compressor. 

The nozzle blocks a r e fixed and, in order to change 
Mach Numbel', they are rotated about the exit to 
obtain suitable throat gap. 'Apparently this crude 
method of Mach No. variation produces satisfactor y 
flow down to H i" 2.5 or J. 

The diffuser proper has a variable throat and the 
tunnel is started with both nozzle and diffuse1• 
widely open, ile., at an effective low Mach Ho. 

Although referred to as ''hypersonic 11 , this is 
essentially a supersonic tunnel limited by both 
pressure ratio and temperature available (fJ50°F 
maxo) to Hach No. of about 6. It has been mos tly 
used for force and pressure distribution tests on 
bodies of revolution. 
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1 x 3 ft.2 Free Flight Tunnel 

This is a send-cont inuous , open circuit tunnel 
which runs off the 12 ft. dia. tunnel used to store 
600000 ft.3 of air at 6 at. A throttle valve 
is use d to vary Reynolds No. The fr ee flight 
tunnel has solid noz zle blocks for H = 2 and 3 
and a long (a.bout 18 ft.) working section in­
strumented wi th 4 photocraphic and timing 
stations. The models a.re fired upstream from 
20 or 37 mm gun and are trapped upstream of the 
noz zle throat i n a but t. For fin-stabilized 
models sabot technique is used and, by us ing 
light models , nruz zle velocities up to 8000 ft . /sec . 
are obtained from conventional guns . The use of 
extra long barrels in order to increase muzzle 
velocity and 3 in. calibor guns is considered. 
Electronic chronograph equipment good to 0.1 msec. 
has boon developed for this tunnel . For boundary 

layer studies on models a 13 in. dia . f ield or 
view interferometer is available. 

The Amos people a.re very pl eased wi th their Free 
Flight Tunnel and consider it a real ly useful 
piece of equipment . In a ddition .to drag ano 
interferometer data they are able to obtain 
lift and pitching moment data by observing 
oscillations of initially yawed models, with 
different C.G. positions. 

6 x 6 ft . 2 Supersonic Tunnel 

Drive: 

Nozz le: 

51000 h.p. slip-ring induction 
motor driving 8 stage axial 
conpressor, 2.1 max . pressure 
ratio. Compressor casing splits 
in half and can be rolled away 
for inspection of blades. 

is of the a symmetric , slidinc block 
type and covers 1.2 ~ H. 2.0. Bes t 
flow distribution is obtained at 
~ = 1.4, the flow curvature being 
appreciable above and below this 
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Mach No. The models are therefore 
mounted with span vertical (i.e. in 
the tvro -dimensional plane). 

Working Section is equipped wlth 50 in. dia., 5,.5 in. 
thick glass schlieren uindows. They 
were poured by aorn~.l'.4t, and polished by 
Tins ley. 

Balances used in this tunnel are of the internal 
model, strain gauge type. Force read­
incs are obtained from a printer which 
is driven by a photocell mounted on a 
lead screw and made to follow the galvo 
spot. In future it is intended t o use 
punch cards in conjunction with IBM 
machines, both balance readings and 
reduction coefficients beinc punched 
in the cards. 

3.5 1 x 3 ft 2 Supersonic Tunnel (closed circuit) 

Drive 4 Carrier blast-furnace, centrifugal 
compressors . 

Nozzle Variable Hach No., flexible plate, lugs 
integral, with plate (similar to JPL 
design?). Hanufactured by I3aldwi n­
Southwark, toge ther with automatic cam 
driver controls for Hach Ho. setting. 
The nozzle is highly unsatisfactory due 
to distortion ef plate after machining and 
low accuracy of the automatic jack-se tting 

system. In effect, it is mostly used at 

OF lC; 

H = 1.5 and jacks are operated, if nece s sary, 
individually. 

'darking s ection size was chosen in 1942, when it was intended 
for two-dimensional work. '.!hen the tunnel 
first run in July 1945, it was the largest 
supersonic in the u . s . A. 

J.6 Unitary Plan: 8 ft. Tunnel ProjectN 

Il Discussions were held with Hr . Parsons, Assoc. Director, 
i/c Unitary Plan and 
Mr. Huntsberger, i/c 8 ft Tunnel 
Proj ec t. 
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J.6.1 The so-called 8 ft. Tunnel ProJect comprises 

J.6.2 

Drive 

J.6.J 

three wind tunne ls covering Hach No. range from 
0 to 3.5 and driven from one 180000 h.p. motor 
group. The approximate layout of the installation 
is shown diagramatically in fig. 5, and a brief 
description is g iven below. T.he installation 
occupies an area of about 800 x 500 ft.2 and the 
estimated cost is $27 million. It is to be com­
pleted in 1954 . 

4 G.E. 45000 h.p. slip ring, wound rotor 
induction motors. Speed regulation by 
liquid rheostats. Double ended shaft 
fitted with couplings. 

Transonic tunnel, 11 x 11 ft. 2 workin,.,. section 
3 stage, 1.43 pressure ratio axial com­
pressor. 2.5 at.rnax. 
0( M ~ 1.4. 

Nozzle and working section: flexible plate 
nozzle to produce supersonic velocities and 
used undeflected at M < 1, fig. 4. The 
flexible plate is of non-uniform cross 
section to take elastic curve correspond-
ing to t !rn required nozzle profile and is opera­
ted by a single jack. The plate is fixed at 
the oxit and pivoted at t h e intake ond, as 
shown diagrammatically in fig. 4. The flexible 
nozzle section is followed by slotted working 
section, 11 x 11 ft. 2 and 22 ft. long. 
Longitudinal, constant width slots on a.11 

four sides . are envisaged, but the design of 
w.s. is not yet frozen . Subsonically , the 
slotted w.s. provides freedom from blockage 
interference, while supersonically it should 
attenuate reflected model shocks. The design 
of slotted w.s. is further discussed under J.6.7. 
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3.6.4 Supersonic Tunnel, Low n, ·9 x 7 ft. 2 w.s. 

3.5 pressure ratio, axial compressor 
2 at. max. (at M > 1.6) 
1.4 ~ M ~ 2.6 
Nozzle: asymmetrical, sliding block type 

PAGE .1.3 ... O F 19· .. 

w.s. rectangular,in order to provide free­
dom from shock interference for high 
incidence model tests. 

3.6.5 Supersonic Tunnel, High M, 8 x 6 ft. 2 vl .s. 

Compressor drive as above, see fig. 5 
2 at.max. 
M ( 3 • .5 
In spite of the low compres sor pressure ratio, 
design Hach Nos . up to 3 . .5 are achieved by means 
of a diffus er injector which by-passes the tunnel 
w.s. In this way compres sor characteristics (low 
pressure ratio, large ma.ssflow) are matched to the 

"tunnel requirements (high pressure ratio,. small 
mass flow). The injector is arranged on two opposite 
walls of the diffuser and has adjustable flaps. 
Although total head of the injector air does not 
differ, except for the cooler loss, from the tunnel 
air total head, the injector accelerates the diffuser 
boundary layer and thus improves diffuser efficiency. 
The full scale injector design is based on small 
scale, pilot experiments . 

Noz zle: flexible plate, nrulti-jaclc type. Although 
thls typo of nozzle construction is .not liked in 
Ames labs, it is the only practicable one in this 
tunnel size and Mach No. range. The sliding-block 
type nozzle becomes excessively long at high M. 

3.6.6 Miscellaneous data 

a. The aerodynamic design of comp~essors was done 
at Ames Labs. and they.are being manufactured 
by Newport News Naval Shipyards, Va. Both 
compressors have ·wrtically split casings which 
can be rolled away on site for inspection. The 
casings are made sufficiently stiff so that on 
parting the bending•,sag does not exceed 0.005 in. 
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Rotor blades are macl'linod at Ames i.Jhereas 
stator blades are manufactured outside in 
cast steel. The most serious problem en­
countered in compressor design was sealing 
and lubrication of 3.5 pressure ratio com­
pressor bearing, which operates at 450°F. 
Even small amounts of oil in the air could 
not be tolerated on account of schlieren 
windows and cooler contamination. 

b. A rather unorthodox design was evolved for 
expansion joints, which are required to pro­
vide several inches of movement . The expansion 
joint, as indicated in fig. 6, consists of a 
toroidal rubber tubo which seals on flanges 
attached to the tunnol duct~. Again, some 
of the expansion joints are subjecteu to high 
temperature and flanges in contact with rubber 
have to be internally cooled . 

c. The uso of one compressor and cooler in the 
two supersonic tunnel circuits necessitates 
the provision of two movable, cascaded 
tunnel corners, as indicated in fig. 5. 

d . 'lhe tunnels' ducts a.re made of at least one 
inch thick steel plate. The welding specifica­
tion does not call for a complete X-ray survey 
of welds (which, in any cas e , would be difficult 
to make in inaccessible, cascaded corner sections), 
but requires taking of random sample radiographs. 
The tunnels aro to be proof-tested pneumatically 
to 25~ over the design, maxunum pressure. 

e . The t unnels' centreline is located 20 rt. above 
ground level, which enables the working section 
to be conveniently located at the second floor 
level. However , excavations are requ ired to house 
coolers, which are som.o 70 ft . in diameter. 

f. The question of Re~olds Nu..~bor was briefly dis­
cussed and it was agreed tha t in general 2 million 
was mini.nrurn and 4 million desirable , but that it was 
not necessary to exceed this value. At the same 
time, 6 ft. was considered the minimum tuimol size 
one should have for convenience or working inside 
the working section. 
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c; . Tho followin~ approxin:,ate cos t figt.:.ros were 
quoted: 

.O F 

Dri vo ( cor.1p l ote except foundo. t ions) 
Uoz zlcs (varia.blo , a.ny t ype) 

- Jot ;n.p. 

Shell 
- l◊/lb. plus 
- 0.40/lb . 

As regard□ t he de siGil and drau ghting effort, i t 
amounted roushly to 50 man-years at Ames and 
perhaps 100 man-years outside (oxcoptinG drive 
dosign). It is envisac;od tha t s ome 2CO people 
will bo required to opera.to tho 8 ft. ?unnol 
Proj ect installat ion . 

h. Ono difficulty particular to t h e Mo ffet Field 
installation, is t he requ i rement of earthquake­
proof foundations. 

i. In order to control cor.1p r ecs or surging on s tart­
ing and stopping of t he tunnol, consideration is 
givon to control air mass f low rate by opera.ting 
noz zles durins t hese periods . 

J.6.7 Devolopment of Transonic ~JIUlol Technique lll' 

Work on transonic tunnel working section design 
started a.t Amos a f ter theory of slotted, blocka[;e­
free t unnels was developed at Langley a.~d pr eliminary 
tests confirmed t heoretical pr edictions . However , it 
was f e lt a t Ames t hat the s lot desiVl, problem was 
unnecessarily complicate d by Langley 1 s s lmultaneous 
requirements of 

a . "Doblocking " °i'l . S . subnonica lly, 
b . Producing uni f rom suporsoni c flow and 
c. Attenua ting r eflected shock interfer enc e 

and it was th erefore decided to drop requirement b. 
and u s e . instead u simple flexible plate noz zle to 
produce supersonic flow. (see J . 6.J . and fig . 4) . 
Pilot tests on slotted working sections were carried out 
in 5 x 5 in2 continuous and 2 x 2 ft.2 blowdown tunnels 
a.nd no difficul tie s wore expected in extrapolating 
re sults to ful l s cale (11 x 11 ft.2 tunnel). 

lit' Discussion with Hr. J . Spiegel and Hr . J. Anderson 
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Subsonically, fair o.grecment was obtained betueen 
the predicted and actua l blockage- free slot con­
figuration for square tunnel . With 16 slots per 
tunnel wall , 3 to 4~,; of slot area eliminated block­
age. Parallel, constant width slots were us ed , as 
indicated in fig . 7. 

Supersonically, it was not posf!iblc to eliminate 
complete ly reflected shock disturbances , which con­
sisted of a shock-cxpannion 1°e r; ion, but , w:! th n 
suitable s lot confiviration , the intensity of both 
compres s ion and expansion •. regions was reduced . 
These tests wore c urried out by pres sure plottinc; 
NA CA Research Hodel (mi) 12 , for which detailed 
transonic data is available from free fli3ht tests . 
No inform:ttion could be obtained concorninc; zic -zar; 
baffles fitto:J;l..n the s lots for shock attenuation, a 
development on which , accord·ne to pre vious reports, 
Ames Labs . wore wor king . Host of this work was 
apparent l y beine; carried out by the United Aircraft 
Co. 

As regards the shock attenuat1on problem, it was felt 
that in 0enerul due to shock-boundary layer inter­
action on the tunnel walls complete elimination of 
reflected dist1,1rbances was impossible to achieve 
and it was envi saged that b.l. suction might be re ­
quired to obtain better re sults . 

In addition to velocity (or presnure) distribution 
tests , the pres sure drop across the slots was measured 
and it was intended to scale up the slot design on the 
basis of constant resjstance to flow . It thus appears 
that the slot design procedure is inconsistent in that 
it is based on potential flow theory (bloc ka6e free 
sections) und then modified on the basis of viscous 
flow characteristics . So far these two asnects of 
the slot desicn were not correlated . • 

The Ames design of the s lot-diffuser junction is 
different from the Langley 1 s version, as shown in 
fig. 7. The slotted w. n. is parallel-walled and 
the slots terminate in an abrupt stop . /l slight 
fairinc is provided at the ciffuser entry, ito 
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cross - section beine bigger than the tunnel w. s . 
area to a c comodate the low energy, slot airflows . 
In spite of t his rather crude desien , the pressure 
rat i o required for the Ames slotted sections is 
not excessive and amounts to about 1 . 2 at I' = 1.3 . 

It appears that in r;eneral g1~eat use is made at 
Ames of pilot tunnel results , not only for the 
determination of working sectlon eeometry but 
also for such details as design and location of 
:model struts and incidence gear . 'l'he tunr.el flow 
was found very sens it ive to the latter nt slightly 
supersonic velocities . 

Hiscellaneous Notes 

Hal f - model tunnel testing 

Half-model technique was discussed in connecti on 
with tests carried out in Hoffett Field's 12 ft . 
dia . and 3 x 1 ft . 2 conti nuous tunnels . 

OF 

In the 12 ft . high speed tunnel no b . l . separation 
plate or spacers were used , the models being mounted 
directly on the v~nnel f l oor on a turntable . The 
tunne l b. l . displacement t ,.ickness was about 0 . 25 
i n. The drag was corrected for fri c tional drag of 
the turntable . 30parately n~asured (model off) ~ 
,Good agreement .ras obtained between half- model and 
full model tests . 

In the 3 x 1 rt . 2 supersonic tunne l tests were 
beine ma.de on wine;s on a half mod,e l of fixed w.i ng 
missile . In view of the large model incidence 
range , the model body was mounted on a re f lection 
plate away from tho tunnel wall and 1,-linG alone was 
coimect ed to the balance . The set up was somewhat 
s imila r to our oi.m. 

Sabot design 

'i\-m dtfferent designs of sabot for shooting of 
cruciform, , finned models woro seen at Ames and 
H.O.?.s. establishments. 

Lucite sabots, fi g . 8, are us ed in the Amos Free 
Flight Tunnel (see 3.3). They are machined 

, -
·i-:· 
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A metal split sabot, fig . 8, i s used a t 
Inyokern . The two hulve::i a re held togethor 
in t he i:;un by means of a rec t angular, copper 
bar . 

Provision of Wind Tunne l balances 

A visit was paid to t he Sandberg- Serrell Co~por a­
tion, Consultin~ Eng ineers , Pasadena , to examine 
the pos s ibilities of ordering wi nd t unne l bal/J.Ilce s 
from them. 

Mr . Serrell was responsible for the design .of 
balances for the 10 ft . Galcit tunne l, the Co­
operative W. 'l' ., and, betwe en 1946 and 1948., was 
in charge of instru.mentation of the J . P. L. 20 in . 
supersonic tunnel. He 'also did balance de::iii:;n 
studies f or A. E. D. C. Si nce 1948, when Sandberg­
Serrell Co . was formed, Mr . Serrell was engaged 
on the followine ' designs : f l exible nozz l e, test 
section and balance for 13 x 15 in . 2 Aberdeen 
Supersonic 'l'unne l, J .P. L. 20 in. tun.11.el fle::ible 
nozzle , flexible nozz l es (H = 1 . 6 and 3 . 5) for 
A. E. D. C. 16 ft . tunne l s , internal mode l s train 
ca.uge balances . 

The above experience appears to be very worth­
while , particularl y i n view of the i:;cnerally lmown 
excellence of some of the equipnont (e. g . J . P . L. 
20 in . tunnel balance and instrumentat ion) . Sand ­
berg-Serrell Co . are interested in orders for deslcn 
of wlnd tunnel e quipment , but u sually do not handle 
manufacture , although,if nec,essary , will obtain 
tenders and a ssumo responsibi l ity for calibration 
of the equipment. It was agr eed tha t quotations 
will be obtained from Sandborg- Sorrell Co . for a 
6- component balanc e for 10 x 10 j_n . 2 supersonic 
tunnel . 
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Vi sit to University of California , Berkeley 

A short visit was paid to the ltecho.nical 
Engineering Dept . and the Low Pres sure Wind 
Tunnel Project. 1'he latter installa tion is 
well lmo,m from l iterature and is impressive 
in that very hie;h vacuum is beinr; maintained 
without diff i culty in a large vessel which 
surrounds the tunnel working section and con­
tains (remotely operated) instrumentation. The 
t"I.U1,,~el is driven by S steam ejectors mounted 
in series and can be supplied with different 
cases from h igh pres su r e bottle s . Heat transfer 
and drag of sirrple bodies is measured in i"..ach No . 
range up to Sand Re. Hos. from 10 to 1000 . 
Precision manometers of the optical projector, 
counter type, very similar to t h e ones built 

· by ourselvos, are be i ng used (with butane 
phtholate) . 

Visit to Statham Labora t ories, Los Angeles 

A sl'l.ort visit was paid to the manufacturers 
of transducers in use in our H. S.A.L. in order 
to learn of any new instrument developments. 
Apart f rom n mini ature (3/8 in. dia .) pre s sure 
pick-up (type P81), which snot in produ ction 
yet, no new ins truments applicable to wind 
tunnel te Gtin~ were seen . 

O F 
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