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Endorsement (1) From 0. B. Kidtl&kowsky, Chief Division 8 
to Dr. Irvin Stewart, Executive oecretary of the National 
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''The adaptation of the 0. M. condenser pres- 
sure gage to the measurement of thrust and 
pressure in Jet propulsion .no tors hus given 
very satisfactory results -<nd appears to 
have so.ae advantages over other electrical 
systems developed for this purpose." 

This is a progress report under Contracts OEMsr-639 with 
Monsanto Chemical Co. and 03Ilsr-202 with Carnegie Institute 
of Technology. 
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SUGARY 

Following a suggestion of Dr. C. A, Thomas and with the 
eooperatlon of the General i.'otors I-.esuerch Laboratory, 
a condenser type gat;c developed for use ac a cas engine 
Indicator has been applied ar a reliable and relatively 
simple device for studying the pr« saure and tr.rust 
characteristics of Jet propulsion Motors*  The equipment 
la In regular Uts at the composite prcpollant pilot plant 
Of the Itonsanto Chemical Company at Dayton, Ohio. 
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COttFIBEKTIkL 

This report describes the pressure and thrust measuring appara- 
tus which h&3 been installed at the pilot plant of the 
Monsanto Chemical Company in Dayton, Ohio. 

Principle of Operation 

The principle of operation Is shown schematically in Figure 1. 
Tho pressure to be nieasured is applied to a condenser type 
gage developed by tho Physics Instrumentation Division of . — 
the 3eneral "otors '..er.ourch LaQor atone» in Detroit«    (E« J. 
Martini  C.  i. Qrluatead and R. i"..   Prawloy,  "An Electrical 
Engine Indicator  for :.ensuring Static and Dynamic Pressures"., 
Trans.  A.I.K.E.,  /.arch,  1541.) 

The pruscure causun  a ehunge In the eleotrical capacity of the 
gago which affoots  tho frequency response of a tuned radio 
frequency transformer thereby changing the output of the 
transformer«     ±he output of the transformer Is d-itacted and 
lead to a bucking circuit which ueta  as a gain control and 
zero adjustor.    Th« output from the bucVtlng box lr. applied 
to an us^illor.raph and the deflection of the oscillograph beam 
is recorded by a synchronously .lrlven continuous  feud movie 
camera.     For measuring thrust,   the  reaction force is applied 
to a piston acting In an oil filled cylinder«    "he prussure 
developed in the cylinder is  then measured with the condenser 
gage. 

The oscillograph,  camera and control panel are  shown in 
Figure 2. 

Description of tau Apparatus 

\)    Condenser lia-ea 

** 

Guges with 1000 und 3000 pounds per sq.  in« pressure range 
have bojn ootain- J iron the Qonoral 1'otors hoaoarch Labora- 
tories«     i'he gu-;es nr i shown in Figure 6' and u representative 
diagran of their construction in  Figure 1«     Tho  two   tubes  on 
the 3000 pouni t;at*e ure wut>;r connections  for temperature 
control but  th»;;   featuro hs»s  not  ou-^n used«     Tho  water 
cooled gage WK3  designed primarily for us» in cylinders of 
Internal combustion .rotors wher<- extr'jr.'.i.   teupursture  chungus 
would take place,    'i'hu  operation of the i*m;e depends on tho 
change In capacity produced by th-- defKction of th« bottom 
diaphragm *.lth r.?spuct to the inner central ul^Arode«    The 
gages  are   scull,   v-.ry rucked and may  De ootuinud in any rung« 
up to 10,000 lbs. per 84«  in. 
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H    Oago Adapter Coupling« 

Blnuo  thj tunalon on the gaßu body threads can affect tho 
•pacing of thu  platus of tho  condunsor,  it was  f>»u:id adviü.wiw 
to  insert  tho   gage  Into  a  permanent   nit»?*»r  coupling In ordor 
to have  consti"".;>  oil  ^>ixi'uuon toother with lnterehangu- 
abllJ*;' c" gages.     I'hg  coupling la  constructod so  that thu 
tiugu gouts on tho  inn ,r shouldor and is gusketod with a copper 
wushor to prevent pt-ucsuro /«ttlng up into thu   thru ads •    The 
adapter fits  directly Into  tho thrust cylinder.    In ordor to 
us« tho E"(iu  for  pressure meuauroments in tho motor,   a auoond 
adapter  is usod.    This adapter has a 3/8"  pipe throad to fit 
the standard 2/8"  tupped holes  for eruahor gages.    To protoct 
the catSu fron  thu hot gusjs,   tho adapter is  filled with 
vaaollru   and plumed with modeling cluy.     31.igra.~a  of  tho 
adapters   ir.:  shown in Figure  4 a,  b. 

3) Thrust  Cylinder 

The thrust cylinder is shown in Figure 5. Tho piston has on 
arua of onu square inch and tho cylinder and piston are honed 
to a 0.0005" fit.  Tho baok of the cylinder te.s throe thruQded 
oponln.;a, on. for thu guce, onu for H blow out safoty valvo 
and on-, for filling with oil and removal of sir bubbles. 
3.A.E. dO  oil is usod. 

4) Safety Valvo 

Because of the  United spece butwoon thu  diaphragm and tho 
•ontral oluctrodo  (0,002"),  it is nooossary to protoot tho 
gage   from ovjrlo'id in those  CUSJS  in which excessive  thrusts 
are  produced by slowing out of the  orifice  plr.to.     For this 
purpose  the-   .11 '.piiru^n valv„ shown in Figure  4 e is  insertod 
In thu  oil cyllnaor.     suitable  blow out pressures  c.-.n bo 
obtained oy using  various   thicknesses of shir, brt.ss  or  steel 
for  thw   dlapiir •.,.:-.. 

!j)    Power supply.  Oscillr.tor-D.t^ctor  -.nd Buckln.; liox 

Tho pow.~r supply, oscillvtor-djtector tj.d bucking eox Wv-ru 
obtained fror.i the Jjnernl Motors fi-s-^rch Laboratories and 
aru  described in tnu Tr-ns«  A.I.E.E.  '.U reh,   1941. 

Tho pow-.r supply is  \ i-jgult-d ö.c.  voltage source which 
ean be   vurlvd fror. 200 to   500 volts.     Th.  nornrl  operating 
voltage  is   -trounJ 270 volte,     -he  power  supply  furnishes  tho 
nooossary stoidy voltage to operate the  oscillrtor  in tho 
oaolllntor-dutuctor unit.    It r-.lso furnishes  the  filament 
voltage  for thu tubes  in the oscillator-detector. 
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.   8 oscillator-detector unit contains  a radio frequency osclila- 
tor,   a  tunud radio frequency transformer and a  diode  detector. 
In order  to Increase  the stability to mechanical shock»   the 
140 yuJ»/midget  tuning  condei.^or  «as  replaced '1th a 35 j*A r 
double  spaced midget  tunln.* condenser —-.J fixed eonJonaera. 
The 35 >w#ftunln    condenaer »jives auf:lcient range  to  cover 
most of the  resonance curve an.l Is  free fron mechanical  vibra- 
tion effects« 

The bucking  oox consists of a 10 tap  500,000 ohm resistor,  a 
potentioneter and a 90 volt battery,     »he  output voltage 
fron the  detector is applied across   the tapped resistor 'tfilch 
Is  then used as a gain control.    The  tapped-off voltage  is 
buckod by the battery and potentiometer so  that the output 
to  the oscillograph is zero  volts when no pressure  Is on the 
•   ••. 

u)     Qaclllo: raph 

The oscillograph la  a standard Du ilont type S08 with a 5" 
blue phosphor short ourslstence screen.    The  oscillograph Is 
modified,  as  descrl.fi In  the Du llont instruction manual,   so 
that the input goes to  the  D.  C.  portion of the   vertical 
amplifier and the  connections to the  vortical and horizontal 
deflection plates are interchanged so  that the deflections 
on  the  screen can  oo  photographed .vith  a cai.iera  having  vertical 
film notion.    A lurthor modification is r.udu  to  oring out a 
separate external bean snitch which can ou  synchronized <;ith 
the  firing to provont excessive burning of the  screen oy the 
high Intensity spot. 

2} ':n:n.-ra 

The camera used is a burke and James Universal 35 mm. movie 
camera. Tha camera is modified for continuous film aovem-'int 
by removing the shuttur, elav» movement and fade out mechanism. 
The film sprocket wheel Is driven by an 1800 K.P.'.'. synchronous 
motor couplod through spur gears to a Boston gear ruductor. 
Ko trouble has be..n experienced due to delay .'n reaching 
synchronous speed.  Various film speeds from 0.75 to 6 Inches 
p»r second can be obtained with proper choice of gear box and 
spur goars.  Since most ttatc are of 0.5 second duration, a 
film spoud of 3 inches par second has beun used.  A 4-1/4'1 

focal length lens with f. 4.5 aperture was adapted to the 
earner« In order to ,'ot full film coverage with a minimum of 
error due to screen curvature. Eastuan Typo 1301 Release 
Positive film is used.  This film has a vury cluar base, 
excellent contrast and good sensitivity in the olue. 

 1  r 

Time narks are placed on the film by photographing the flashes 
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from a n.C.A.  Typ« 901 glow discharge  tuba.     Tha  tuba Is 
operated with half wave rectified 60 cycle voltage  giving 
60 flashes per second.     The light from the tube is  brought 
Into  the  angle of view of the career« oy means  of u mirror. 
Although time mirks  are put on all  the records,   the  time of 
burning  is  calculated from the linear film speed.    The   time 
marks   are used only  to check lrregulnrities. 

9) ItQ-.ltlon "liner 

In order to get a a-iaaur« of ignition delay, a short duration 
pulse la put on the buso line trnce at the inntant the firing 
switch is closed. The pulje is applied by charging a con- 
denser through a low resistance inserted at. the grounded end 
of the buckln.* JOX gain control. The voltage developed 
across the resistance appears as a pulse of a for; milli- 
seconds duration. Tho firing circuit and the pulse circuit 
are synchronized Dy uam,; a douule pole relay to close the 
two circuits. 

10) Shot Hur.:berer 

An identification nuM'oer is placed on each record by reflecting 
a set of llluntlnuted stenciled numbors Into  the  view of the 
camera. 

11) Control Switch 

A multiple  snitch -.-as   constructed to coi.tj.'ol  the  sequence of 
operation  Involved In the   flr-ir..-, of a a.iot.    The  switch 
consists  ci   H  nnx  cuniainin,;  six  roller   luaf micro  switches 
act', vtted oy a  slicing cor.tact plate.    The contact plate has 
adjustable  ens   for obtainl.'.J  the   desired sequence  of switch- 
ing.     At  present  the  sequence  is  os  follows I       numberor  light 
on,  nutiouror li.-ht  off,  ouroson,  oscillograph beam on,   timer 
on and firing  circuit en, 

l!i)     Ilotor Support 

The mounted motor In  shown In Figure 6.    The motor  rests on 
two V  supports  rr.uo  of an(;le  iron  and Is  held In place with 
yokes r.ttdo  of roller chain,     "'or  thrust measurenuints  the  front 
of  the motor rests  a'alnst  tn6  piston of  the  thrust cylinder 
which is  bolted to  t..u  back -.'late of  the bor-.b shelter. 

Operation of  the  Apparatus 

In adjusting  ths apparatus,  the  tuning  eoniensor of the 
oscillator-detector unit  xt  set for maximum output as read on 
the mllliai.ieter.     The power supply voltage la then adjusted 
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•i   nn m a.    The capacity of the 
,„ thfct the maximum output is  l.oo nwa raadlng Is 
tunftg condenser is   '^^^^aforner M  the ration of the 
0.S2 *.-..     Thl.  «*»•£•*?£  of  Inflection end gives  the 
resonance cur»« new  ^.Kiu, to cf«!^ chan^n.    The 

STtS^S the «ItipX.  switch. 
,-.„.,   .• .bo- .«». repreaentatlv-  Pressure and^thrjust ^^ 

£^5&%SS SA^SAA and residua!  air 
bSSoE. I*  the hydraulic system. 

Calibration 
The g«."l.  calibrated against a calibrated Bourdoat.* gag^  Q 

u.lnl'Sn "l Vossure system and a' B^^V^Suc/.lnk oox with 
Ä S.  «•**>»* ~»g-^.^nÄ^V-sure.     Since »h. 

SSTES«»  * SS^StS volts per X000 pounds  P«r 

niur.'» -ho,,  ft.  volta,«  -gg$*«X ^urTÄoL 

v..   "s«rved s.nsltlvlty *;«" _•*„*  film,    "ho  sensitivity 
KJKÄS*TlSSSi8i,M,Ä  ao3 pounds  p~ -ouare 
"chp^rulUlster  deflation. 

».pit.  U»  «-«-client calibration .ho«  In  f^^lnlng 
,,,110,  wo hovo exp-rl«:ic«d son«  •«*•££       toürü RBvo  o. «n 
rollabU  calibration veluos..In ^rtic^ paduai  change« 
«r"tlc ah*l-.i  i.i  ""  ••ilbr5?li°ftPÄ dtffieStJ Is  attributed 
with change  ^ tjg^t*»r.^ ^lfto conno-.t  the gig.  to  t«. 
to  the use of bted-.d 0C^tl*i..?*ot.rt!0 „f  cable has unsatisfactory o!cill.tcr.detector unit,     i-^t/poui^^ ^ orature 

mochanlcal stability  *"? -Vokctric coaxial caole  Is  oolng 
effects.    A ner typ«  «oiia **ui""i"     ifto  8oCond difficulty 

Saw«?ÄaÄ5&aaöas--» ta 
S'STÄ JUT"*2~ ÄS S*«SS - ~.«.»«•»»<• 
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