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CESSRA MODEL 309A and 309C - NOMR CONTRACT 23k(00)

Aselyste
Firot drafts of reports om Model 309A (Electrical Syetew) preceating

take-off and landing data and anslysis are comulete. Only finmal revlmz
renains before release.

Model 300C - Flight Tests snd Analysis
A total of three flights have been made including shakedown, airspesd

calibration, and & series of stalls. Ground runs for measurements of mess
and quantity flow were alsc conducted.

The HpCo bevmdary layer contrel Jjet pump was operated om the last two
flights. Imdicated stalling speeds 414 not appear to be substantially different
from thosesobserved with the axial fan imstallation. These stall speeds axe
currently being reduced to values of Cy e for = wore definite comparison.

Plight Teats

With the oupletion of the imstallation of the HpOp unit in the 309C
the airplane was ground tested om July 17, 1953. The unit functioned proporly
in all respects. Total systzem operation was twelve minutes. During thess
groead tothn quantity fiow readings wores phatogravbsd.  Unfortunately dus to
malfuncticn %2 thy cemera the resulte were not readable. It is plennss $oc @ o-
run these quantity flow tests during tlse weex of July 27, 195%.

Initiel fiight tests were conducted during ths week of July 20. In &li
three flighte were conducted. The first flight was a shake-down flight to
deteniine if any unusual flight characteristics existed. Ti .z seceni flight
was for cirspeed system calibration. During the fhird flight stall spoeds
were weosured at various altitudes, with and without BLC, using different

contrel deflections.

M\,,"
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Asrodynamic performance, as determined from flight data, was essentially
the same ms shown by earlier versions (ges turbine and burner with a Jet pump,
and direct current clectric, axial fams).

A cevere binding of the aileron occured with tke BIC syetem in operatiocn
due to thermel expansion of top skim ceused by hot air ejected timough the
blowing slot. This is being corrected by reinforcemsnt of the allerom spars
and increase of clearance betwsen the alleron and the wing. Skop rewvork is
nearly complete, and tecte will be coatimmed during the next week.

Future flights will include additional stalls to evaluate the asrodynamic
performance and to establish take-off and landing aepproach speeda. Also,
quantity and mass flow measurcments will be mede with the airplsne on the
ground, This xﬁpeat of previous testing became recessary with the increasc of
of blowing slot width.

Results and Discussion of Initisl Tests - Flow dMeasurements

With a slot width of 0.75% chord, ground test msasuremeats indicated o
wass flov of 3.5 lus/cec. and & flow quantity of 132 ft.3/sec. These vi'uc.
are given for both wiug panels, and imclude the mass of the rraneliant (de.
conposed HpUsn).

Velocities were measured wvith pitot static tubes at 12 spanwise lecations,
and the resuitant values wvere muditiplied by local) plot width, These wvere 1i2n
plotted as chown (Figure 1) and a graphical integration performed.

The plot of Figure 1 alego gives an indicatiom of the spanwiss distritution
which was similar to the pattsra obtained on the 309A (D.C. electrical system with
axial fans - Reference 1).

Reaction Motors perscanel have measured mass flous of 4,88 lbs/sec. in one
ving pansl, which would imdicate a total flov of .76 1bs/sec. This woull be

approximately 15% greater than measured om tiu: a'ruleas, Lul this flow occured
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through a larger slot. For this reasoa the blowing slet vwidth 1e being
enlarged from 0.75% to 0.90% chord.

Flight Results
The flight program vas limited due to the severe ailerom binding; howvever,

an sirspeed calibration was accomplished, and & mimder of pilot-observed stall
speeds vere collected. These speeds have been reduced to values of Cpro..
end ere compared by Table 1 to similar stall poimts of the airplanes with

other boundary layer centrol (RLC) systems.

Table I

By B BLC Engine Power 309  300A 309C

(deg.) (deg.)
45 0 ore ore 1.8 1.86 1.64
On ore 2.13  ~e=- 2.06
ore F.T. 2.53 2.34 2.16
L5 0 On F.T. 2.91 #2.97 2.78
45 30 oft ort 2.06 1.8 1.72
On ore 2.3  e-e- 2.2%
ore F.7T. 2.7T2 .25 2.55
ks 30 On F.7T. 3.45 #3.04 3.19

% Thepnz values represent engine pover required for level flight., Full throttle ‘
conditiona are depizuatsd Ty £UT.

It should be noted that the values given for tke Model 309 (gas turbinc
bleed and burn with a jet pump) were ccmputed froam photographic recordings
vhile those values for the 309A and 309C are based upon pilot-observed data.

Also, in this region of lov stalling speeds, a difference of 2 mph can producy
a change in Cppoy &8 great as O.Li. 5o a reasonable zamount of point scatter
wes expocted; however, in all cases values for the 305C were less than those
for the 309, with and without BLC. Essentially, the external comfigurations

of these twe versioms of the alrplame were identical except that smal}
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diffciances of the slot width between aileron and wing existed. Thias, in
eddition to discrepamcies between photographed and pllot-cbserved data,
sccounts for the lower values of Cyay measured with the 309C.

In general, it is comcluded that the serodynsmic perforeance of the
airplane wWth & HpOo Jet puop HIC aystem ond with » RMariny dot width of
of 0.75% chord was not substamtially differemt from earlier versioms of ths
airplane. The stalling specds (and Cppax) may be improved ty emlarging both
the blowing slot and the slot between alleron and wing. This remains to be
shoiu by the projected testing program.

Performance of the Hydrogen Peroxide Bystem

The HoOp unit has performed satisfactorily to date. Initial tests were
conducted on the ground both with the airplane spgine stopped and with RPM
settings from idle conditions to full thrott¥e. Vibraticn ceused no mal-
functions at eny time either on the ground or in flight,

Handling HpOp in refueling operations presented no difficulties with the
special service truck made availavle vy Resction Mztcrs. The cnly unususl factor
vas that an ample esupply of water was required to dilute exy HpOp which might come
in contact with organic uatter.

Reaction Motors personnel currently remaining at Cessna includs omliy Mr,

G. Yanvary, During this period Mr. Brukerdt and Mr. Singletcn returned to
Dover, New Jersey. Mr. Gordon V.ucspcen of Cesona is assj«ting with refucling

and maintanence of the hydrogen peroxide unit.

Shop_

The blowing slot adapter, Part No. 12309-22, was removed and Part No.
12309-45-3 was used to replace it. By changing thsse sdapters the physical

width of the blowing slot was changed frum .75% to .90% chord.
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The ailerons were re-worked by the addition of two .051 bulb angles
to both the uppsr and lower aileron epar. Addition of this increased stiffneszs
to the aileron was needed to reduce aileron bending vhen jet pumps vere in

operation.
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Analysis - Stability
As has bean previously reported, the values of dowvnwash angle, wake

location, and loss of &ynamic prouuie in the wake (necessery for calculation
of longitudinal stability and control) bave been based upon the commocnly
acceﬁted RACA charts and methods. For the cages with BIC producing lift
coefficients from 3.0 to k.0, md higher, the values given bj these methods
may vary conslderably from the actual case. Yo experimentel data exists from
vhich verification can be esteblished. The University of Wichita Aerodynamic
Report No. 097, received Ly Cessna during this period, preasents limited tuft
grid otudies of the flow pattern aft of the 0.6 scale 319 wind tummel modei.
These grid pstterns show the existence of a large wake region for tha con-
figuration with flaps deflected-BLC off. This region of heavy turbulence
completely disappeared when BLC was applied irdicating that wake loases (at
norma: tail locations) wculd be considerably less tias computed. In edditicn,
ti:» nhgerved angles of downvesh aft of this wing appesr @ larger thws ...
calculated. While these ouservations do not reopreseut [ .0 Loz abs, by
are zn indieaticon that the problem of elevator deflection required to luand
mAy not be as serlous as showm by prellminary calculation. Neverthsloss,
there still exists great need for a progrem which would yield usceful desipgn
information pertsining to stability and control of DIC elrplaneg,
Investigation of the elevator required to 3-point landing hnos been
completed. Conclusions were &g follows : |
1. Design data coaceranlng downwash engle and wake losses af't of a ¥IC
ving is very inadequate. Computations of elevator dsflection required to land
mudt be considered as preliminsry until verificetion is cbtalned from either

flight daia or additional wiud vumrei Tcets.
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2, Installation of the Cessaa Model 180 variable incidence horizontal
tail is required for satisfactory performance of this airplane with BIC
operating.
3. Most forward ¢.g, location will be restricted to 25% of mesa
aerodynamie chord.
k. A 25% incremse of slevator ares will also be required.
First flights of ths airplsne will be performed with the Model 180
tail imstalled, but without the additional elevator aree. The requirement
for incremsed area, s shown by calculation, will them be definitely established
by flisht data.
Ducting
Aerodynamic design of the Wlowing duct has been imitiated with the cen-
sultant adviee of Mr. Kenneth Razak. The duct will be designed in such a
manner that the pressure difference between duct centarlime amd blewing slet
will be constant in the spanwise directiom, except for a small region directly
art of the fan b, Thers, a series of smll turning vanes will be required
for optimum flow distributiom.
Desten
Draving 12319-24%, Suction Duct Installatien, has been finished and prints
relotsed to the shop. It covers the msnufacture and installation of the sustien
duct.
Drawing 12319-23, Empennage Installatien is now completed. The shop has
besn furnished copies of the prints.
A droving has been started showing the installation of the kydrsulic
system iz the alrplane.
Druwing 12319-26, Pressure Pick-Up Installatien, has been started. It will
show the installation of the required pressure p‘:ck-upn for the 319A quantity
flov measurements.

-~
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Shop

The suction flaps and the blowing flaps have been completed.

The instellation of the 180 empermmge on the 319A is now couplete sxcept
for final inspection and riveting of the splice plate. (See phote)

A mould for the suction duct is being made. The fiber glass duct will be
formed when this mould is completed.

Texplutes and form blocks have been made for the suctien duct ribs.

Pulley brackets to be used for the aileron jLunstallation are also being
mnufactured,
Trip by A. Petroff to Los Angeles, July 15-17

The purpose of the trip was to establish eaginsering contacts with
several firms manufacturing solid and liquid propelliant gas generators and
turbines suitable for application to BLC., The following firms were visited:
AiResearch Manufaeturing Ce. - Los Ang#les, Calif. - July 15, 1953 - Pumping

requirements were presented to Mr. A.T. Agern, Sales Engineer and to Nessrs.
Chapman and Drexel of the turbime divisiom., They agreed to look into the matter
and see if there is & turbine wvhich would fit Cessne specifications with minor
adaptation.

Turbo Products Inc., Pacoima, Calif, - July 16, 1953 - Mr. J. Golden,

Director of Engineering, Mr. R.A. Holzl, Chief Development Engineer amd Mr.
P.C. Ricks, Chief Design Engineer expressed interest in applicatiom of their
preduct to BIL. Turbo-Products, Inc. develeped smll sthylene oxids gas gem-
erator and turbine unit which ceuld be slapted to our needs. A prepesal will
be made and presented to Cessna in two weeks.

Aerojet-General Corp. - Agusa, Calif. - July 17, 1953 - Mr. W.L. Gore,

-y

Direstor of Field Service, was also intereasted in application of their produet
to BILC., Aerojet developed a smell s0lid propellamt gas generater amd turbine
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unit for missile work. It is very light, compact and has the right smount

of power for our needs., Mr. Gore agreed to submit a proposal for sdapta-

tion of the unit to Cessva EIC requirements.

The above mentioned systems are being evaluated from the stamdpoint

1.
2.

5.
6.

7.

Thermodynanic and mechanical efficiency.
Veight for a given period of actiem.
Compactness.

AMaptability to the airplane,

Logistics of the fuel.

Price.

Delivery dates.

The results vill be presented to the Office of Naval Research for ~on.

sideration as & possible avenue for future ressarch of pumping systems, ap-

plicadle to KIC requirements of lisison type airplanes.
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