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SUILIARY

Following a suggestion of Dr. C. A. Thomas and with the
cooperation of the General ifotors hesearch Laboratory,

& condenser type gaje develojped fur use ac a gas engine
indicator has been applied az a roliable and relatively
slusple device for studying the pra:xsure and tnrust
characteristics of jet propulsion riotors. The eguipment
is in regular sz at tlw coaposite prcpullant pilot plant
of the lonsanto Chemical Company at Dajton, Ohic.




CONFE IENTIAL

This report describes the pressure and thrust measuring appara-
tus which ha3s been installed at the pilot plant of the
Monsanto Chemical Company in Dayton, Ohlo.

Principlo of Operation

The principle of operation is shown schematically in Figure 1l.
The prescure to be measured 1s applied to a condensor type
gage developed by the Physies Inatrumentation Dvision of

the Jenural llotors .wisurch Lacoratories in Dotroite (E. J.
Hertin, C. Es Griustead and K. 5+ Frawley, "An Zlsctrical
Engino Indlcator for !.easuring Static and Dynamic Prussuros®.,
Trans. A¢lEeZ., 'arch, 1541-?

The preszure causss a chunge in the elodtrical capacity of the
gage which affuacts tho frequoncy re¢sponso of a tuned radlo
frequency tranaforrer thereby chansing the output of the
transfornery  The output of the transformer is dotected and
lead to a bucking circult which ucts &s a gein control and
zero adjustor, Thu vutput from the bucking oox 1= applied

to an osz2tllopraph and the deflection cf the osclllojsraph buam
is recordud by a cynchroenously Iriven continuous fuud movie
camura. For nmuaturing thrust, the roaction force is applled
to a piston acting in sn oil filled erylindur. <The prussure
doevuloped in thu eylinder 1s thun imcasured with thu condunser
gague

The oscillograph, camnera and controcl panol ars shown in
Figuro 2.

Dssoription of tau Apparutus

1) Conduns.ur ua.cos

Gages with 1000 urid 3000 pounds per sq. in. prassure range
have beusn ootalin.d f'rom the Goneral lfotors luscarch Labora-

toriss. ihs guies nr, shown in Figwrs &' and a ruprosuntative
A agras of tnolr construction in Figuru 1. Thu two tubes on
the 3000 poundi gu,"w ulu wuter connuctions (o tunpuruturo
control but thiz featury has not vuven uscde Thy water
600lud gugu wus duslignued prisarily for use in eylindurs of
intuornal comdustion motors where extrume tolpurature chungus
would taku plucus ‘Thw opuration of thu ;'4;;s dupunds on tho
changu in cupecity produced by th. dusflection of the bottom
diaphragm with respuct to the inner cuntral c¢lue®rodu. 7ho

gagus arsu snsll, very ruggud and nuy os obtulned in any range
up to 10,000 1lbs. pur s4. in.

CONFIDENTIAL













T
8)__OGago Adapter Couplings

8inco tho tunsion on the guagu body thruuds can affoet tho
spacing of thu platus of tho condunsur, it was frund adviiavie
to insurt the 2oge into a permanont ade~*_ - cuupling in ordor
to havu consten:; ul vuasuvsuiion toguthur with intsrchangec=
abili*r cl gagess The coupling is conatructud c¢ that the
wuge suvat3 on tho inn.r shouldur and is gusketud with a coppor
washor to pruvint pruciurv Jetting up into the threads. The
adapter fits dircetly into thu thrust cylindur. In ordor to
use the gagu for prossurv muuaurvrunts in tho motor, a sucond
adapter is usud. <his andapter has a 3/8" pipc thruoad to fit
the standard 3/8" tuppud holus for cirusher gagus. To protuct
the gugu from thuv hot gusss, thu uadapter i1: fillud with
vasolins and pluicd with noduling cluy. Dlagrams of the
adapters . sihiowvn in Mgurv 4 o, b.

3) Thrust Cylindur

The thrust cylinder 1s shown in Figure 6. 7The piston hes an
area of onu squar. inch and the eylindur and piston are honed
to u 0,0008" fite Thu baok of the cylinder hueg throw thrueaded
opunin,s, on. for thu gupus onu for a blow out safuty valve
and on: for filling witn cil uand rumoval of nir bubblous.
S.AE. 20 011 i8s usud.

4) Sufuty Vnive

Becausu of the linmited spceu butwuen thu diaphrcgm and tho
sontral vluctrods (0.002"), it 1s nuoussary to protuvot tho
gogu from ovsrload in thosu cus.,s in which uxeussivo thrusts
arv prodc.d by olowlng out of the orifioc pluto, For this
purposuv the :Ai-phrugm valve shown in Figuro 4 c is inscrtod
in the oll cylindur. Suitable blow out prussurus czn be
obtainud oy uslny verious thicknusaes of shin bress or stuul
for th. dlopixr-.ime

$) Pow.r supoly, Oscilintor=>.t.ctor -.nd Buckinz udox

The pow.r supply, vscilllutor-dstector :wnd bucking uvox wore
obtainud from thos duneral lotors hos.irch Laborstorius und
arv dvacribv.d in ta. Troase. A.I.E.E. ireh, 1041,

The pow.r supply i3 - sgul-t.d DeCe voltags scurcu which
ean bu veried from 200 to 500 wvolts. Th. nornmrl opurating
voltugu 18 around 270 volts. <h.e powur supply furnisnocs tho
nogossary stundy voltag. to opsratu the oscillctor in the
osclllntor-dutuctor unit, It nlso furnishes thy filament
vpltagu for thu tubus In thu usc.llatoredut.ctore.
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Ta oscillatore-detector unit contains a radlo frequency oscilla=-
tor, a tunod radio frequency transbrmer and a dlode detector.
In order to increu.c¢ the stability to mechanical shock, the

140 ,uafm;d;;i,t tuning condenzer was replaced with a 35 wM
double spaced midget tuning condenser u:d fixed condensers.

The 35 us#funine condenser gives sufficlent range to cover

most of the resenance cwrve and is frec from machanical vibra-
tiun offacts.

The bucking box consists of a 10 tap 500,000 ohm resistor, a
potentioneter and a 90 volt battery. The output veltage
fro: the detector iz mpplied across the tappsd resistor which
is then used us a gain control. The tapped-off voltage is
bucked by the battery and petenticieter so that the output
to the oscillograph 1s zero volts when no pressure 1s on the
[24¥241 1Y

6) Oscillesraph

The oscillograph is a standard Du Mont type 208 with a 5"
blue pliosphor short oversistence scrcen. The oscillograph is
modified, as descriled in tiie Du !lont instruction manual, so
that the input goes te the D. C. portion of the vertical
anplifier snd the connections to the vertical and horizontal
doflection plates are ianterchanged so that the deflections
on tha screen can bo photographed with a camera having vertical
£iln nmotion. A furthor modification ie made to bring out a
separate oxternal bemi switch which can be synchronized with
the firing to prevent excessive burning of the screen by the
iigh intensity spos.

7) Camera

The camera used (s a Burke and James Universal 35 mm. movie
camera, The canura is modlfied for continuous film movemant
by removing th hu%ster, claw rovensant and fade out mechanism.
Tha film apreocket wheel is driven by an 1800 R.P.!'e zynchronous
mo tor coupled through spur gears to a Boston goar reoductor.

o ¢rouble has beun oexperiunced due to delay ‘n reaching
aynciwrond speoed. Variocus film speeds from 0,75 to €6 inches
per socond can hse ubtained with preper cholce of gear box and
Epur goars. Since most teaste are of 0.5 second duration, a
film speud of 3 inches por sccond has beon used. A 4~1/4"
focal longth lens with i 4.5 aperture wos adapted to th
camera 1n order to Jet full film coverage with a minimum of

error due to scroen curvature. Eastian Type 1501 Release
g

.

Positive film is usod. Thi 1 has s vury clear base,
excellent contrast and good sunsitivity in the blue.

3) Timer

Time narks are placed on the film by phetosraphing the flashes




")
)£ § iy

from a R.C.A. Typs 901 glow discharge tube. 7he tube is
operated with half wave rectified 60 cycle voltuge giving
60 flashes pur sccond. The light from the tube is brought
into the angle of vieu ol the camera oy means of u nmirror.
Although time marks are put on all the records, the time of
burning i calculatod from the linear film speed. The time
marks are used only to check irregularitles.

9) Iunition Timer

In order to get a mwasure of lgnition delay, a short duration
pulse i3 put on the bYuse line trnce at the inastant the firing
switch i3 closed. The pulse is applied by charging a cone
denser through & low resistance inserted at thr grounded end
of the ouckin,; box gain control. The voltage developed
across the res!stance apjeurs as a pulse of a fov milli-
geconds duratlion. The firing circuit and the pulae circuit
are synchronized oy using; a douvle pole relay to close the
two clroulits.

10) Shot Huwberer

An identificetion nunver is placed on eaci record by rdlecting
a set of illuminnted stencilad numbors into the view of the
Camura.

il) Controli Suitch

A multiple switca was constructed to contsol the seqience of
operaticra involved in the firin- of & asaot. The switch
consiats ¢i' n nox centaining alx roller luuf micro switches
uctivated 0y u 3liling contact plute. The contact plate haz
adjustsolu cams for obtalni.g the dusired sequence of switche
ing. At presont the sequoence 13 as folloust numberer light
on, numouror 1i:ht ¢ff, canemon, oscillograph beam on, timer
on and firing cireult cue.

12) lotor Support

The mountud moutor is shoun in Figure 6. The motor reuts con
two V supports aude of angle iron and Iz haeld in place with
yokes nads of roller chain. rop thrust rmwasurements the front
of the motor rests acainst tns piston of the thrust cylinder
which 18 bultud to t.ius bwexk plaetu of the borb shelter.

Opsration of the Apparatus
In adjusting th> apparatis, tho tuning coniensor of the

osclllatur=dotector unit iz set for muxiium output as read on
the milllancter. The power supply voltage is then adjusted
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