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Ix tlaiTti»; opt-imair tsrt-iae perforaesce, the nozzle is 
—•*  «.T»rle Most iiflueE*i*i conpooect.  £te&ll( tich 
^*c:f:; eaiejcy r-rrrses, ^eaerally operative at high 
pff*««tr» ratio», recaire saperaonic csco-'rerigäno-diverging 
aozzles fee tigfe efficieä^r.  Soc^ ixAZles, however, 
j-ieli poor pgrfoa—ce at off-<5e«igis pressure ratios. 
T^» cfc^eet of ti.is stA*?y was to obtain design infematien 
tc iamiamt  aerf ogtaarce. 

^ roBf^eÄÄSÄiTe ezperiaestal crocr^ vas U3derta>en tc 
optzsrire Bcrzle divergexce asd evalaate plog nozzles ar.£ 
tie off 'desigg- effects of specific heat ratio. So real 

-vsis tZT*  «as tc be perfomed ur.cer this contract vitb 
a* aa£ presesstatioa s&fficicnt only to serve as a 

tc -sse of tie reocrt. 

«ml« perfgrmaace was evaluated froor test »eas^revents cf 
a ccnplete tsr^iae-aozzle systeat. All nozzles were tested 
OK xdtrogex and 12 Pfease III, the nozzle which had shown 
*^«e hest perfcmaE^oe on nitrogen was tested with Argon 
Tv « l-Ct* aad Frect 13 CY « 1-19) to eval'jate the effects 
of specific heat ratio. All testing was done with the sare 
rotes'. A total of elever. different nozzles were tested; 
S strai^fet cccical designs with the sane design Mach Mürber 
12.SI ami  area ratio, hot different divergence angles 
dewestrev of the throat (7* to 15* half angle), a similar 
program, with nozzles of design »ach no. =4, two annular 
throat plag nozzles and a 2 diaensior.al "half plug" design. 

Besslts show tliat an ortirujr nozzle divergence exists but 
not for all conditions. The 11* and 13* half ancle nozzles 
«aintais a consistent advantage in peak efficien cy and 
ra&ge capability (mniman variation in efficiency during 
off-design pressure ratio operation), but only with the 
lower design pressure ratio nozzles tested (KQ = 2.5). 
Sc soch clear advantage appeared in the results of the 
Sp « 4.0 nozzles tested; the performance of all divergence 
angles seemed to nerge into one band of width on the same 
order as the scatter although the narrow (7*) nozzle 
displayed a snail advantage in peak efficiency. 

Plog nozzles exhibited no significant performance 
advajitage over straight conical designs - their range 
(efficiency variation) appears marginally better in a few 
cases but the peak efficiency is consistently lower them 
the pocrest conical design tested in the mach 2.5 series, 
and this core than makes up for it. 
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The effect of specific heat ratio seems to be a snail 
reduction of peak efficiency and improved range (less 
efficiency variation over a range of pressure ratios). 

Off-design speed effects as revealed by the shape of 
the u/C0 - n^ curve (pointed vs wide) appeared small 
throughout the study. 

C 
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I INTRODDCTION 
I 

Many military turbine applications require operation over a 
wide range of pressure ratios. Such applications would 
include any underwater device operating at varying depth 
and aero-space vehicles such as missiles aircraft and space 
vehicles that operate from sea level to outer space. This 
off-design regime often accounts for a significant portion 
of the mission profile. 

I 

Nozzle and rotor performance has a large effect on the 
ultimate obtainable turbine efficiency with the nozzle 
being much the more important, hence under a previous 
contract (N00014-66-C-02C4) Sundstrand conducted a turbine 
off-design performance study, reported on in Reference 1; 
Sundstrand AER 486, dated April 1967, "Effect of Nozzle 
Geometry on Off-Design Performance of Partial Admission 
Impulse Turbines". 

The present study extends the work done under the previous 
contract although primarily an experimental program whereas 
the previous one was principally analytical in nature. 

The objectives of this study were to (I) experimentally 
optimize the divergence angle of straight conical supersonic 
turbine nozzles, (II) determine what, if any, off-design 
advantage can be gained with plug nozzles, (III) determine 
the effect of specific heat ratio on off-design performance. 

I 

i 
Form G762S 
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1.0 EXPERIMENTAL APPARATUS,   TEST TECHNIQUES AND  DATA REDUCTION 

This study was made using a test dynamometer designed and 
built by Sundstrand. The test apparatus and techniques 
vere developed over a number of years while performing 
various turbine research and development studies. 

1.1 TURBINE TEST  DYNAMOMETER 

The turbine test facility is illustrated in Figure 1 and 
is specifically designed to evaluate the effects of turbine 
geometry on performance. Rapid changes in rotors, nozzles, 
and rotor tip and side clearances are easily made. Shaft 
power is determined by a torque arm force measurement, the 
load being applied by an  electrical homopolar dynamometer. 
Turbine bearing losses are included in the torque arm 
measurement since the entire rotating group is supported 
by special low friction ball bearings. The dynamometer 
is shown in Figures 2, 3 and 4. Typical test hardware is 
shown in Figure 5. 

The facility is capable of testing turbines at pressure 
ratios up tc 2500. The entire test unit is located in a 
vacuum chamber during tests such that exhaust pressures as 
low as 0.25 psia are possible. The maximum test turbine 
speed is 40,000 rpm. Turbine diameters up to approximately 
7 inches can be accommodated. Output shaft power levels 
of up to 20 hp can be absorbed by the electrical load bank. 

Tests to obtain turbine efficiency as a function of turbine 
geometry, pressure ratio, speed, and Reynolds number can be 
conducted. 

Testing shows an average scatter of 5% in the turbine 
efficiency data (about 3 points). This scatter appears to 
be random, yielding an accurate and reliable mean when curve 
fitting techniques are used with large quantities of data, 
as in this present study. The nozzle flow rate is measured 
by an orifice plate flowmeter showing scatter in the flow 
data of .75%. Instrumentation to obtain complete pressure 
and temperature data throughout the turbine can be employed. 

All tests were made with the shrouded turbine wheel and 
turbine exhaust housing shown in Figure 5. During all tests 
the radial tip clearance was .050 inch; the axial clearance 
between the nozzle and the wheel was .035 inch. Table III 
presents geometric parameters that were common during all 
tests and Table IV summarizes test conditions. 

Form G762S I 
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1.2       TURBINE NOZZLE TEST CONFIGURATIONS 

Three types of nozzles were studied; straight conical, 
axi symetric plug noz-rles (two styles),  and a 
2-djjnensional or "half plug" design. 

1.2.1    Conical Nozzles 

All conical nozzles are in the sane nozzle plate and 
were tested individually with the remainder plugged. 
The plate includes two sets of five nozzles of different 
design conditions (Mp « 2.5, A/A* = 2.63, and HQ  = 4.0, 
A/A* « 10.72) with divergence half angles ac from 7° to 15° 
in each set. The exit diameter of all conical nozzles 
is .282 inch. The relationship between nozzle exit and 
blades is shown in Figure 8. The conJcal nozzles are 
quite simple in design and are sVccched with dimensiona 
tabulated in Figure 6. 

The conical nozzles were selected as the basis of comparison 
in .his study since they are the most common type used in 
partial admission turbines. 

1.2.2    Plug Nozzles 

The plug nozzles are illustrated in Figure 7. The annular 
throat nozzles ("A" and  "B") were designed per the procedure 
of Rao  (Reference 2) and both have an  exit diameter of 
.280.  The 2-dinensional half plug (c) was also designed 
per his procedure, with an exit height of .280 and a throat 
height of .162. The design mach number of all plug nozzles 
was 2.5, for easy comparison with the MD * 2.5 conicals. 

All plug nozzles were machined in the same plate with their 
centerlines tangent to a common pitch diameter of 5.96 inch 
as were the conicals. 

i 
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1.3      TE6T TBCKNIQÜES 

A test run was made by pressurizing the turbine inlet to a 
prescribed value (not greater them 240 psia) and adjusting 
the turbine back pressure to the prescribed level to obtain 
the desired pressure ratio.  Data was then taken at 6 or 7 
turbine speeds from 7000 to 35000 rpm. The sp^ed was 
controlled by adjustment of the homopolar alternator load 
resistance (coarse adjustment) and the field voltage (fine 
adjustment). After the speed range was covered by increasing 
speed, the points were retaken as it was decreased back to 
the starting speed in order to minimize effects of mechanical 
hysteresis, resulting in 11 to 14 points per test run.  Next 
the back pressure was adjusted to the next prescribed 
pressure ratio and the speed points repeated. At 5 pressure 
ratios per nozzle this resulted in approximately 55 to 65 
data points per nozzle test and a program total of over 700. 

The turbine pressure ratio was evaluated by measuring the 
pressure in the turbine nozzle plenum chamber, which the 
nozzle plate seats against, and pressure in the exhaust 
duct just downstream of the turbine. The turbine flow 
rate was measured by an orifice meter in the inlet line 
leading to the turbine plenum. At each data point conditions 
were allowed to stabilize before recording the data and 
then proceeding to the next point. Approximately three 
minutes of run time were required at each data point. With 
one exception, all pressures (and torque, which was reflected 
as a differential pressure) were detected with pressure 
transducers and recorded automatically on a strip chart. 
The orifice plate pressure was read on a Bourdon pressure 
gage and written manually on the chart and orifice plate 
AP was detected with a Bailey pressure transmitter and 
recorded on the strip chart. All temperatures were measured 
with copper constantan thermocouples and recorded on the 
trace.  Speed was measured with a magnetic pickup and 
recorded manually from an electronic counter. 

The torque readout device was calibrated before f.nd after 
each run by the application of dead weight to the torque 
arm.  If significant variations in the pre- and post- 
calibration points occurred, the data was discarded and a 
rerun made. 

The data were recorded and later reduced by a computer 
program to obtain the desired performance parameters. The 
flow rate was determined from the orifice measurements as 
well as the perfect gas choked flow equation.  In this manner 
the flow discharge coefficient was obtained; if an 
unexplalnable variation in this coefficient was found the 
data was discarded as unreliable and the test was rerun. 

Form G7625 
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1.4       DATA REDUCTION PROCEDURES 

The data was reduced utilizing an IBM 1130 computer. 
The data reduction program (Sundstrand E2) includes curve 
fits of compressibility factor and ratio of specific heats 
for nitrogen, obtained from Reference 4, These properties 
are calculated as functions of local static temperature and 
pressure, and can be input when a gas other them nitrogen 
is used as the test fluid. 

This program calculates the turbine gas flow from both the 
orifice measurements and from the perfect gas relationship 
for choked nozzles.  Comparison of these two values yields 
the nozzle discharge coefficient.  The turbine efficiency 
is then calculated based upon (1) the measured torque, 
speed, and orifice flow rate values ahd (2) the measured 
temperature difference. The second calculation is for 
a comparison only, since no attempt to obtain ah adiabatic 
process was made. Other parameters such as the specific 
speed, specific diameter, torque coefficient, shaft horse- 
power, adiabatic head, velocity ratio, and wheel tip speed 
are also calculated. 

The reduced turbine efficiency data is estimated to have 
an accuracy of 5%. This is considered acceptable in 
light of the fact is appears randon with no systematic 
errors, strongly suggesting that the mean value is a 
valid representation of the true efficiency with the large 
quantities of data available. 

To reduce the effect of irregular or scattered data points 
a least squares curve fit program was written and the 
data processed and cross plotted. An indication of the 
validity of this procedure is that the resulting computer 
plots agree in almost all predominant trends and values 
with some 25 manual summary plots made while data was being 
collected, and where the two disagree the computer plots 
appear the more reasonable. 

Form G7625 
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LEAST SQUARES DATA SMOOTHING PROGRAM 

The output of program E-2 was used in the least squares 
progran to arrive at a smoothed data representation. To 
further reduce the effect of scatter, sets of data points 
were grouped together. 

The general equation of the surface took the form: 

+ A5 X + A6 X
2 + A7 X3 + Aefcg) X 

+Ma2 x+*i« ^)x2 

For most groups of data (Groups I-V, and IX-XIII) the 
variable X represented nozzle half angle. Per all other 
groups the variable X represented pressure ratio. Data 

I groups XV-XVIII included only the first four terms of 
the general equation, and since only (3) mach 4.0 nozzles 
were tested the seventh term was omitted for all mach 4.0 
data groups. 

A listing of all data groups is shown on Table I. 

These least square equations were used to form the smooth 
carves appearing on all computer msde plots in this report. 
The plots were made on a "CAL COMP" plotter controlled 
by a subroutine called GRAF on Sundstrand's IBM 1130. 

Empirical data points were omitted from the summary plots 
to illustrate trends more clearly.  Instead, for 
reference they ara shown on plots in Appendix A and listed 
in Appendix B. 

It should be remembered when studying any one data set 
and curve, that the shape and  position of the curve has 
been influenced by other data in that group not shown on 
the plot. 

t 
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DMA LISTING 

Appendix B coatains a listing of all data points, a 
ooaparisoa of the enpirical and —ooOtad data, and a rough 
■easnre of scatter for each point. 

Scatter Percent Bff• 

« (bpirical Data Point - 
Smoothed Data Point) x 100. 

Scatter Percent Val. 

• (Scatter Percent Eff.)/(Enpirical Data Point) 

Table II erplains the exact interpretation of the titles 
appearing under the heading nossle designation. 
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TABLE I 

LIST OF DATA GROUP? 

■ GROUP   NOZZLE DESIGNATIONS APPROXIMATE 
PRESSURE RATIO 

II 

III 

IV 

VI 

VII 

I 

Macn 2.5, 15» Half Angle 
Mach 2.5, 13* Half Angle 

11*  
9* 
7* 

Mach 2.5, 
Mach 2.5, 
Mach 2.5, 

Half Angle 
Half Angle 
Half Angle 

Mach 2.5, 15* Half Angle 
Mach 2.5, 13* Half Angi« 
Mach 2.5, 11« Half Angle 
Mach 2.5, 9» Half Angle 
Mach 2.5, ?• Half Angle 

Mach 2.5, 15» Half Angle 
Mach 2.5, 13» Half Angle 
Mach 2.5, 11« Half Angle 
Mach 2.5, 9» Half Angle 
Mach 2.5, ?• Falf Angle 

«ach 2.5, 15« Half Angle 
Mach 2.5, 13* Half Angle 

üaCv H* 11* "*" Anale 
Mach 2.5, &• Half Angle 
Mach 2.5,  ?• Half Angle 

Mach 2.5, 15» Half Angle 
Mach 2.5, 13* Half Angle 

lÜfv H' 11* 5*1* ASI« Mach 2.5, 
Mach 2.5, 

Half Angle 
Half Angle 

Plug Nozzle 'A1 

Plug Nozzle »A* 
Plug Nozzle 'A! 
Plug Nozzle 'A' 
Plug Nozzle 'A' 

Plug Nozzle 'B» 
Plug Nozzle 'B' 
Plug Nozzle 'B' 
Plug Nozzle 'B* 
Plug Nozzle 'B* 

TEST GffS 

25:1 
25:1 
25:1 
25:1 
25:1 

20:1 
20:1 
20:1 
20:1 
20:1 

17:1 
17:1 
17:1 Design 
17:1 
17:1 

15:1 
15:1 
15:1 
15:1 
15:1 

12:1 
12:1 
12:1 
12:1 
12:1 

25:1 
20:1 
IV: 1 Design 
15:1 
12:1 

25:1 
20:1 
17:1 Design 
15:1 
12:] 

Nitrogen 
Nitrogen 
Nitrogen 
Nitrogen 
Nitrogen 

Nitrogen 
Nitrogen 
Nitrogen 
Nitrogen 
Nitrogen 

Nitrogen 
Nitrogen 
Nitrogen 
Nitrogen 
Nitrogen 

Nitrogen 
Nitrogen 
Nitrogen 
Nitrogen 
Nitrogen 

Nitrogen 
Nitrogen 
Nitrogen 
Nitrogen 
Nitrogen 

Nitrogen 
Nitrogen 
Nitrogen 
Nitrogen 
Nitrogen 

Nitrogen 
Kitrogen 
Nitrogen 
Nitrogen 
Nitrogen 

t 



VIII 

IX 

ZI 

XII 

XIII 

XIV 

XV 

XVI 

XVII 

XVIII 

TABLE i   foomnm 

GROUP   HOZZLE DESIGR&TIOKS 

•C" 
.c. 

Plug Nozzle 
Plug Nozzle 
Plug Nozzle •C 
Plug NoTile 'C 
Plug Nozzle 'C* 

Mach 4.0 
Mach 4.0 
Mach 4.0 

Mach 4.0 
Mach 4.0 
Mach 4.0 

Mach 4. 
Mach 4. 
Mach 4, 

Mach 4.0 
Mach 4.0 
Mach 4.0 

Mach 4.0 
Mach 4.0 
Mach 4.0 

Mach 2.S 
Mach 2.5 
Mach 2.5 
Mach 2.5 
Mach 2.5 

Nach 4.0 

Mach 4.0 

Mach 4.0 

Mach 2.5 

15* P-alf Aagle 
11* Half Angle 
7# Half Angle 

15* Half Angle 
11* Half Angle 
?• Half Angle 

15* Half Angle 
11* Half Angle 
7* Half Angle 

15* Ralf Angle 
11* Half Angle 
7* Ralf Angle 

15* Ralf Angle 
11* Half Angle 
7* Half Aagle 

11* 
11* 
11* 
11* 
11* 

Half Angle 
Ralf Angle 
Half Angle 
Half Angle 
Ralf Angle 

11* Ralf Angle 

11* Ralf /ingle 

11* Ralf Angle 

11* Ralf Angle 

AS« 2901 
FACT       9 

APPSCXISIA7T 
PHESSOTT 8ÄT10 TLST GAS 

25:1 
20:1 
17:1 
15:3 
12:1 

200:1 
200:1 
200:1 

150:1 
150:1 
150:1 

100:1 
100:1 
100:1 

50:1 
50:3 
50:1 

25:1 
25:1 
25:1 

35:1 
2«:1 
25:1 
21:1 
17:1 

80:1 

69:1 

40:1 

13:1 

Desigr 

Design 

Oeaign 

Sitioger 
Sitrcger 
Nit. ^gpez 
5itTr*uer: 
Kitroges 

SifcPOlipHf 
Ci tröget 
W i t.r',o«5(Kr. 

Sitrogess 
Kitzogec 
3-it3x>9er 

S^itiogeT 

Eitx-o9€s: 

KitimyBM 
Xitxogex. 
Citrocet 

Kitrogec 
Kit-roge-r 
Stitzvgei 

Ar gor 

JÖLtxoges 

üitnooe» 

Kitrogen 

Freier.    12 

€ 
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TABLE II 

LIST OF NOZZLE DESIGNATIONS 
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c 

NOZZLE DESIGNATION INTERPRETATION 

2.57 Mach 2.5 Nozzle, 7° Half Angle 
Nitrogen Test 

2.59                  ! Mach 2.5 Nozzle, 9° Half Angle | 
Nitrogen Test                j 

1  2.511 Mach 2.5 Nozzle, 11° Half Angle 
Nitrogen Test 

!  2.513 Mach 2.5 Nozzle, 13° Half Anglo 
Nitrogen Test               | 

2.515 Mach 2.5 Nozzle, 15° Half Angle 
Nitrogen Test 

4.7 Mach 4.0 Nozzle, 7° Half Angle 
Nitrogen Test                ! 

1  4•11 
| 

Mach 4.0 Nozzle, 11° Half Angle 
Nitrogen Test 

4.15 Mach 4.0 Nozzle, 15° Half Angle 
Nitrogen Test 

Plug 'A' Plug Nozzle 'A", Nicrogen Test j 
|   (See Figure 7)              | 

|  Plug 'B» 1  Plug Nozzle 'B', Nitrogen Test 1 
!   (See Figure 7)              j 

Plug 'C j  Plug Nozzle 'C, Nitrogen Test | 
}   (See Figure 7)              | 

j  Argon 2.511 j  Mach 2.5 Nozzle, 11° Half Angle 
Argon Test 

Freon 2.511 Mach 2.5 Nozzle, 11* Half Anglo 
Freon Test                 | 
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- 
TABLE III 

TCSBIHE AMD NOZZZ£ DATA 
O0WCT TO ALL TEST CONPIGORATIONS* 

--• 
Coszle Angle  16* 

Exit Dlaneter 28 inch 

Pitch Diaaeter  5.96 inches 

Soober of Hoxzles.  1.0 

aotor: 

Pitch Oianeter  5.78 inches 

Blade Angles (inlet and exit).............. 25* 

Blftäe Beigfat. ,  0.42 inch 

Blade Chord«.r,  0.3 inch 

feM&w ©f Sl^äfts...........  115 

Clearances; 

Rotor Tip Radial. , 050 inch 

nozzle  To Rotor,.......«.,  0,035 inch 

Rotor To Exhaust Bousing......>............ .060 inch 

Gas Condi tioBS 

Inlet Teaperature ..<,.........  Approx. 20-60oF 

Inlet Pressure  Up To 240 psia 

'Unless exception noted 

t 
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i 
FIGURE 1 TURBINE TEST 

"" CHAMBER AND APPARATUS. 
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I 

FIGURE 2  INSIDE OF TEST 
CHAMBER WITH RIG INSTALLED 

C 
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TYPICAL NOZZLE CROSS SECTION 
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Gas Flow 

)r = 1.4 
Design 
Mach No. 

Divergence 
Angle 

Dim. 
A 

Dim. 
E 

Dim. 
C 

2.5 11° .173 .1139  ^ .282 

2.5 18° .173 .3^1 .282 

2.5 22° .173 .2801 .282 

2.5 26° .173 .2361 .282 

2.5 30° .173 

.086 

.2031 .282 

1.0 11° .798? .282 

U.O 18° .086 ,6188 .282 

1.0 22° .086 .5012 .282 

1.0 26° .086 .1215 .232 

1.0 30c .086 .3657 .282 

t 
Dim C -  Constant permits identical nozzle height/blade helpht 

ratio for both expansion ratios. 

Flfure g   Conical Nozzles Tested 
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A 

ANNULAR THROAT 
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FLOK 

PLUG NOZZLE A-CONTOÜRKD PLUG 

ANNULAR THROAT FLOW 

PLUG NOZZLE B-BLONT PLUG 

FLOW 

t 

PLUG NOZZLE C - 2 DIMENSIONAL HALF PLUG 

FIGURE 7 - PLUG NOZZLES TESTED 
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Blade Tip 
6.195 in. nia 

Elade Height 
= .42 in. 

Nozzle Pitch 
Dia. = 5.96 in. 

Rotor Pitch 
Dia. = 5.78 in. \ 

Rotation 

Figure 8. 

CONICAL NOZZLE EXIT AND ROTOR OUT LINE 
LOOKING THROUGH ROTOR BLADEf. 

I 
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2.0      EXPERIMEWTAL RESULTS AHD DISCUSSION   

^ The work of this progras can be divided into three phases 
or subprograies: 

I 
Phase I   Nozzle divergence anale evaluations - 

7* to 15* half angle. (Figure 6). Five nozzles 
of design mach no « 2 and three of MQ " *«0 

were tested. 
I 

Phase II  Evaluation of performance of three styles of plug 
nozzles (Figure 7): 

Plug Nozzle "A" - Pointed Plug 
Plug Nozzle "B" - Blunt Plug 
Plug Nozzle "C" - 2-dimensional Half Plug 

■: 

Phase III Tests to determine the effect of specific heat 
(ratio on performance. Tests were made at 

Y « 1.18, 1.40, 1.68. 

Nominal test conditions are listed in Table IV. 
I 

BASIS OF COMPARISON 
I 

In this study the measure of nozzle influence on performance 
is variation of turbine efficiency over a span of off- 
desiqn pressure ratios ("Range"; good range indicates small 
variation). Other measures such as hydraulic efficiency, 
nozzle coefficient, etc. could have been chosen. Although 
not always strictly correct because of small variations 
in per unit losses, efficiency is in most cases a valid index. 
It is usually plotted against velocity ratio (u/C0) but 
sometimes against other parameters. 

RESULTS OF DIVERGENCF TESTS 

The results of Phase I (divergence) testing are sunraarized 
in Figures 9 to 38. 

Mj) = 2.5 nozzle results are shown in Figures 9 to 13, 
19-23, and 29-33. They show peak efficiency is maximized 
at divergence angles of 11* to 13* (half angle) with 11* 
predominating above design pressure ratio and 13* below. 
The difference is not great, however. This is illustrated 
clearly in the basic plots of Figures 9-13 and in the 
efficiency vs divergence cross plots of Figures 19 to 23. 

Plots summarizing efficiency vs velocity ratio at pressure 
ratios above and below design for different nozzles 
(Figures 29 to 33) clearly show off-design efficiency 
trends and suggest range is best with either small (7°) 
or large (15°) half angles, dropping slightly in between. 

t However, the peak efficiency of intermediate angles is 
significantly greater than the extremes and more than 
makes up a small deficiency in range. 



- 

: 

The tests at desigs aracl: ao. « 4.0 {for r» l.O^sbowt 
in Figures 14 to 18, reveal oo siac± optusaa divergcsce. 
The perforsfianoe of all Bossies is very sijcllar: esscs^tiallT 
inöependent of divergecoe or. or off dg-sigr. All csrves cf 
any given pressure ratio are closely bcAcfeed, aad all 
efficiency vs divergence angle csrves CFigisres 24-2?} are 
essentially flat, indicating no real optiMtsm.    *%« "' 

I nozzle shovs some advantage in peak efficiency bet tils 
is slight and nay not be significant. The sonBaries 
(Figures 34 to 36) indicate a siadlar coeclnsioe; little 
variation in off-design performance fron ax.-cle to —gLe. 
Tboogn sonetffaat obscured by different losses it appears tbe 
range capability of the Kj> « 4.0 nozzles is set so crest 
as the ■ach 2.5*8, at least not as good as the best ones. 

greater than the MD m  2.5*8 and nay accotst far 
the similarity in perfomance shown by all Bec± '..Z  nozzles. 

PLDG »OIILES 

The results of Phase II tests are fTsmerized in Fircres 
39 to 43. Tte two best conical nozzles are shown cc tbe 
sane plot for cottparisor..  These tests, particularly 
plug nozzle C, show greater than average scatter, i--t t±e 
conclusions are obvious and not affected.  Peak efficierkc/ 
and range are inferior to all No » 2.5 conical nozzles 
tested. Direct oonparison is valid here because test 
conditions were identical. 

An interesting observation is that plug nozzles *B* 
(blu^t plug) and "C" (half plug} exhibit a very lov discharge 
coefficient of .60 to .63, suggesting severe .aontractior. 
exists in this type design as in sharp edged orifices. 

SPECIFIC HEAT RATIO 

The results of Phase III (specific heat) tests are smwarized 
in Figures 44 and 45.  Figure 44 shows performance with 
11* half angle and specific heat ratios fro» 1.19 (Free*: IS) 
to 1.68 (Argon), with each at its own design ccraditior.. 
It suggests a naxüsun in efficiency occurs, probably ^'. 
Y = 1.4, with efficiency dropping off above and s>elow. 
The Argon and Nitrogen sunsary plots (Figures 45 asd 311 
show substantially better range for the Argoc CY «1.61) 
than Nitrogen (Y =1.4), suggesting that off-desigis 
performance isproves with increased specific heat ratio* 

/ Peak efficiency is less in rast cases although not enough 
^ to overcome the range advantage shown by the higher specific 

heat ratio gas. 
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TÜRBIIE EFFICIEMCY 
VS 

VELOCITY RATIO 
AT 15:1 P.R. WTH 
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FIGURE 13 
TURBHE EFFICIEMCY 

VS 
VELOCITY RATIO 

AT 22:1 P,R. WITH 
NOZZLE DIVERGENCE 

AS PARAMETER 
*) - 2.5  P.R.D »17   T W 
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FIGURE 15 
TDRBIHE EFFICIEMCY 

YS 
VELOCITY RATIO 

AT 150:1 P.R. WITH 
NOZZLE DIVERGENCE 

AS PARAMETER 
4,0   P.R.D - 150 i 1.« 
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FIGURE 16 
TURBINE EFFICIEHCY 

VS 
VEUJCmr RATIO 

AT 100:1 P.R. WITH 
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FIGURE 17 
TURBIHE EFFICIENCY 

VS 
VELOCITY RATIO 

AT 50:1 P.R. WITH 
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TABLE IV 

NOMINAL TEST CONDITIONS 

Nozzle/Test Nozzle Inlet  Exhaust Pressure Inlet 
(See Table II) Prossure psla psia P.R. Temp. »P 

2.57 60 2-4 «3  i 25 i 
2.59 60 3»0 2 5? 20 ■ 

2.511 60 3.5 S| 17 des. 
2.513 60 4,0*- 15 
2.515 60 5.022 12 20-70 
Plug A 60 i-l 4 

«CM 
Plug B 60 

j 
• 

f 
Plug C 60 - 

4.7 240 LZ»«   i i 200 
^sl 150 des. 

4.11 240 2.4£!S 100 20-70 

4.15 240 
50 
25 

98 2.8 
- 35 

98 3.5 28 
Argon 2.511 98 3.9 25 des. 0-60 

98 4.6 21 
98 5.8 17 

Freon 2.511 91 7.1 12.8 des.38 t-50 

c 
Form G7626 
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c 
3.0      CONCLUSIONS 

4.0      RECOMMENDATIONS 

1) Turbines with low mach «urabar supersonic nozzles 
should use nozzle half angles of about 12* to optimize 
performance. 

2) Performance with high design mach number nozzles 
appears essentially independent of nozzle divergence. 

3) Plug and contoured nozzles should be used with caution 
in turbines 2 Testing of three types showed no 
performance advantages. 

4) Off-design performance improves with increased specific 
heat ratio. 

5) Peak efficiency appears to exhibit a maximum as a 
function of specific heat ratio (at y  * 1.4) although 
this effect is small. 

i 

Since this effort was primarily an experimental study the 
discussion and conclusions are on the order of obvious 
observations. The large quantity of data were organized 
in only an elementary way.and a thorouyi. theoretical 
analysis and interpretation of it would be a significant 
contribution to the advancement of turbine performance and 
design. 
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5.0 SYMBOLS 

1 

ä 

A nozzle area in.2 

CD nczzle discharge coefficient W-nacaeured 
W-theoretlca} 

C0 isentropic spouting velocity ft/ae*c 

D* 

M 

t 
PT 

PR      total to static pressure | 
ratio ! 

I I 
0       turbine tip speed ft/sec 

I | 
W       nozzle weight flow lb/sec 

I I ac      nozzle cone half angle     degrees 
I I 

Y       9*8 ratio of specific heats 

nt      turbine efficiency | 
I' ^ 

SUBSCRIPTS 

dinmeter of nozzle exit in. 

diameter of no/zle throat **. 

mach number 

static pressure psis 

total pressure psia 

0 nozzle entrance 

* nozzle throat 

e nozzle exit plane 

D design 
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APPENDIX A 

GRAPHS OF INDIVIDUAL TEST 
RESULTS WITH EMPIRICAL 

DATA POINTS 
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APPENDIX B 

LIST CF DATA POINTS 



ns 

O.N,R. NOZZLE RESEARCH PROGRAM 

NOZZLE 
DESIGNATION 

PRESSURE 
RATIO 

VELOCm 
RATIO 

EMPIRICAL 
DATA POINT 

SMOOTHED 
DATA POINT 

SCATTER 
PEP CENT EFf. 

SCATTER 
PER CENT VALt 

2.515 

24.660003 

2.515 

24.66C003 

2.515 

24.660003 

2.515 

24.660003 

2.515 

24.660003 

2.515 

23.680000 

2.515 

23.680000 

2.515 

23.680000 

2.515 

23.560001 

2.515 

23.560001 

0.190000 

0.256000 

0.322000 

0.391000 

0.440000 

0.196000 

0.262000 

0.326000 

0.396000 

0.439000 

0.464000 

0.463091 

0.519000 

0.531070 

0.5630ÖC 

0.552046 

0.504000 

0.526808 

0.492000 

0.481361 

0.496000 

0.471288 

0.538000 

0.534876 

0.549000 

0.551870 

0.548000 

0.523191 

0.476000 

0.482508 

0.0908T9 

0«195731 

1.207018 

2.325661 

1.095366 

1.945589 

2.280843 

4,525483 

1.063806 

2.162207 

2.47113Y 

4.982UI 

0.312376 

0.580624 

0.287044 

0.522849 

2.480865 

4.527125 

0.650864 

1.367363 

THE NUMBER OF DATA POINTS IS 
THE AVERAGE ERROR IN PER CENT 
THE AVERAGE ERROR IN PER CENT 

10 
EFFICIENCY IS  1.194 
OF EMPIRICAL DATA VALUE IS  2.313 



/3f 

tCSICMISI 

MKSStfKi 
•ATI« 

a.«.t. «oitie «fsEMc*- MCOUM 

«AT!S r^TA POI«T 

SMOOTH«) 
OATA rOlVT 

SCATTEt 
PC«  CcIT   EFF. 

SCATTE« 
PE«  CftiT   »tL. 

2.SIS 

2.S1S 

I«. 

2.515 

i%.310901 

2.S19 

1«.240001 

2.515 

19.1M090 

o.2e««oo 

^.271090 

0.»2000 

o.«oooo 

3.**^{>*3 

O.^MOOO 1.116596 

2.A21255 

0.609932 

1.175502 

2.1154)0 

?•740598 

0.5603*3 

1.085936 

1.293379 

2.811696 

TM(  «MOE« OF DATA FQIHTS   IS       5 
fNE  AVEOA£E EftMM   !■ PEA CEUT   tfflZliSCr   iS     1.138 
TMK  AVEAACE  EAAOR   16 PE« CEHf  OF  ENFIAICAL DATA  VALUE   IS     2.266 



/fö 

O.K.ft.   HOZZl£  «ESEARCM r«OGRA»* 

MOZZLE 
OESiCUTION 

PRESSURE 
RATIO 

VELOCITY 
RATIO 

EMPIRICAL 
OATA POINT 

SNOOTrtEO 
DATA POIHT 

SCATTER 
PER CE*li Eff. 

SCATTER 
PER CENT VALt 

0.192000 

0.263000 

0.331000 

0.394000 

0.450000 

THE NUMSER OF DATA POINTS IS 
THE AVERAGE ERROR IN PER CENT 
THE AVERAGE ERROR IN PER CENT 

0.471000 

0.467134 

0*934000 

0.536486 

0.531000 

0.529350 

0.502000 

0.481509 

0.414000 

0.422856 

0.381523 

0.810028 

0.248885 

0.466077 

0.164985 

0.310707 

2.049082 

4.081837 

0.885683 

2.139331 

EFFICIENCY IS  0.746 
OF EMPIRICAL DATA VALUE IS  1.561 



141 

DESIGNATZ{W 

*>i5fSSURE 
RATIO 

O.N.R. NOZZLE RESEARCH r-RUGRAM 

VELOCITY 
RäT?C 

EMPIRICAL 
DATA POINT 

SMOOTHED 
DATA POINT 

SCATTER 
PER CENT EfF. 

SCATTER 
PER CENT VAL» 

2.515 

14,800001 

2.515 

14.800001 

2.515 

14.920000 

2.515 

15.030000 

2.515 

14.800001 

0.20)000 

0.270000 

0.335000 

0.405000 

0.444000 

0.516000 

C.463?26 

0.5/1000 

0.522687 

0.453000 

0.517195 

0.^50000 

0.44SS94 

0.406000 

0.378381 

5.277378 

10.227*78 

0.168738 

0.3239/0 

6.419540 

14.171171 

0.410604 

0.912454 

2.761665 

6.802623 

THE NUMBER OF DATA POINTS IS 
THi- AVERAGE ERROR IN PER CENT 
TH(: AVERAGE ERROR IN PER CENT 

EFFICIENCY IS  3.007 
OF  EMPIRICAL  DATA  VALUE   IS     6.487 



IZZ 

( 

O.N.a..   MCZrLE  RESE*aCM PROGRAM 

?«OZ2Lfc 
OESfGMTfOil 

PRESSURE 
RATIO 

2-515 

11.020001 

2*515 

11*820001 

2.515 

11.<)2C001 

2.515 

11.620001 

vELOCirr 
RATIO 

E«?I(UCAL 
DATA POINT 

SdOCTKEP 
DATA POINT 

OcZOTOPO 

C.i»?60U0 

Oc3*6000 

0.415000 

0.472000 

0.4<»5499 

0^479000 

0.516038 

0,449000 

0.4B13l»l 

0.362000 

0.36i55i 

SCATTEk 
PER  CENT   EFf. 

SCrtTTgp. 
PER CENT   VAL, 

2.650094 

f.ftJ4d0i 

5.705821 

7.732402 

3.238106 

7.211818 

0.04*900 

0,1240^3 

TMfe NUMBER OE DATA POrNTS IS   4 
fMt AVcRAGE ERROR IN PER C£NT EfFICIENCY FS  2.409 
THE AVERAGE ERRO« IN PER CENl Or SMPIRKAi. DATA VALUE IS  5.170 



- 

KOHLE 
DESIGNATION 

PRESSURE 
«ATIO 

a^j.a. NOZZLE RESEARCH PROGUA» 

/EUDCITY 
RATIO 

EMPIRICAL 
OATA POINT 

SHOOTHEC 
DATA POINT 

/f3 

SCATTER 
PER CENT EKF. 

SCA ,'TER 
PER CENT VAL, 

a.l24CG«J 

?^?3000'i 

2.513 

2<.-730003 

2.513 

24,?J0Ö03 

2-513 

2^.730C33 

2.513 

u7»50e 

2.513 

t.730O( 

2.513 

U730ÖC 

2.513 

».7300C 

2.513 

^7300( 

2.513 

24.Y30003 

THE NÜMaER OF D*fA POINTS IS 
TKE AVERAGE ERROR IN PER CCNT 
THS AVERAGE ERROR IN PER CENT 

24.7*5003 

2.513 

24.730003 

2.513 

2*.730ö03 

2.513 

24.730003 

2.513 

24.730003 

2.513 

0. .133000 

0. .1S?00C 

0. .2X9000 

0. ,2^I000 

0, 288000 

0* .319000 

0. .3^8000 

0. .384000 

0. .413000 

0.359000 

C.36ÖV84 

C.423000 

0*4^55'3 

0»483000 

0o903£iö» 

0.541000 

0.540245 

0.568000 

0.5B4i07 

0.596000 

0.610859 

0.6240C0 

0.621473 

0.610000 

0.621939 

0.606000 

0.610162 

Ö.55900G 

0.536862 

0.998467 

2.yC1246 

1.256388 

2.«70185 

1.560145 

3*197020 

0.724554 

1.339287 

1,610732 

2.835796 

1.495979 

2.493254 

0.25266A 

0.. 404910 

1.193952 

1.957299 

0.416278 

0.6^6928 

2.786291 

4.98M20 

10 
emaeNCY is   1.228 
OF EMPIRICAL DATA VALUE IS  2.365 

( 



/H 

Q*N.A.   HOUXt  RESEARCH  PROGRAM 

M0Z2LE 
OcSIGNArSDf« 

PRESSüRH 
ftATIO 

2,513 

2.J13 

2.513 

19.780002 

2.$U 

19.78ÖC02 

2 ^13 

19.78C002 

2.513 

19.780002 

2.513 

19.780002 

2.513 

19.780002 

2.513 

19^760002 

2.513 

19.790002 

2.513 

19.7SQ002 

V610CITV 
RATIO 

0.129000 

0.162000 

0.196000 

0.231000 

Ö.262000 

0.29300C 

0.331000 

0.363000 

0.395000 

0.431000 

C?. 465000 

EMPIRICAL 
DATA POINT 

SMOOTHED 
DATA POINT 

0.378000 

0.382604 

0.442000 

0o458203 

0.515000 

0.523959 

0.593000 

0.572729 

0.569000 
-—mum  m ^ _ m ^ tm. 

0.602326 

0.566000 

0.619672 

0.644000 

0.6249o2 

0.568000 

0.616409 

0.573000 

0.596554 

0.562000 

0.561396 

0.511000 

0.516414 

SCATTER 
PER CENT EFF, 

SCATTER 
PER CENT VALc 

0.460422 

1.218047 

1.620376 

3.666009 

0.895905 

1.739622 

2.027011 

3.41&231 

1.332617 

2.262507 

3.367209 

5.746091 

1.903764 

2.956167 

2.640948 

4.831545 

2.355421 

4.110662 

2.060306 

3.540045 

0.541424 

U059540 
THE NUMBER HF DATA POINTS IS  U 
THE AVERAGE ERROR IN PER CE^T EFFICIENCY !^  i 7^ 
THE AVERAGE ERROR IH  PEP. CENT OF^^CA^OAJiXu. IS  3.140 



us 

NOZZLE 
DESIGNATION 

PRESSURE 
RATIO 

O.N.R. NOZZLE RESEARCH PROGRAM 

VELOCITY 
RATIO 

EMPIRICAL 
DATA POINT 

SMOOTHED 
DATA POINT 

SCATTER 
PER CENT EFF. 

SCATTER 
PER CENT VAL» 

2.513 

16.490001 

2.513 

16.490001 

2.513 

16.490001 

2.513 

16.490001 

2.513 

16.490001 

2.512 

16.490001 

2.513 

16.490001 

2.513 

16.490001 

2.513 

16.490001 

2.513 

16.490001 

0.136000 

0.171000 

0.200000 

0.234000 

0.269000 

0.304000 

0.337000 

0 371000 

0.405000 

0.438000 

0.432000 

0.402125 

0.462000 

Oe^97107 

0.541000 

0.553759 

0.566000 

0.597625 

0.656000 

0.620614 

0.C36000 

0.624622 

0.612000 

0.614200 

0.587000 

0.592246 

0.531000 

0.562126 

0.514000 

0.528156 

2.987462 

6.915422 

3.510731 

7.598986 

1.275992 

2.358582 

3.162575 

5^587588 

3.538561 

5.394148 

1.137769 

1.788945 

0.220036 

0.359536 

0.524652 

0.893785 

3.112650 

5.861866 

1.415662 

2.754245 

THE NUMBER OF DATA POINTS IS 
THE AVERAGE ERROR IN PER CEWT 
THE AVERAGE ERROR IN PER CENT 

10 
EFFICIENCY   IS     2.088 
OF   EMPIRICAL  DATA   VALUE   IS     3.951 

( 



/^ 

NOZZLE 
DESIGNATION 

PRESSURE 
RATIO 

O.N.R. NOZZLE RESEARCH PROGRAM 

VELOCITY 
RATIO 

EMPIRICAL 
DATA POIN? 

SMOOTHED 
DATA POINT 

S-ATTEK 
PER CENT EFF. 

SCATTER 
PER CENT VALt 

2.513 

14.960001 

2.513 

14.960001 

2.513 

14.840000 

2.513 

14.840000 

?.5l3 

14.960001 

2.513 

14.960001 

2.513 

14.960001 

2.513 

14.960001 

2.513 

14.960001 

2.513 

14.960001 

2.513 

14.960001 

0.132000 

0.170000 

0.203000 

0.240000 

0.260000 

0.273000 

0.307000 

0.339000 

0.377000 

0.406000 

0.449000 

0.404000 

0.426053 

0.4930C0 

0.509675 

0.536000 

0.564810 

0.612000 

0.607918 

0.619000 

0.623210 

0.650000 

0.630201 

0.636000 

0.637741 

0.625000 

0.631000 

0.596000 

0.606179 

0.571000 

0.575377 

0.506000 

0.511551 

2.205318 

5.458708 

1.667517 

3.382388 

2.881014 

5.375028 

0.408184 

0.666968 

0.421035 

0.680186 

1.979816 

3.045871 

0.174152 

0.273825 

0.600087 

0^960140 

1.017964 

1.707993 

0.437700 

0.766551 

0.555145 

1.097126 

THE NUMBER OF DATA POINTS IS 
THE AVERAGE ERROR IN PER CENT 
THE AVERAGE ERROR IN PER CENT 

U 
EFFICIENCY   IS     1.12? 
OF  EMPIRICAL   DATA  VALUE   IS     2.128 



14-1 

O.N.P.. MUZZLE RESEARCH PROGRAM 

NOZZLE 
DESIGNAT ION 

VELOCITr 
RA1IO 

PRESS VPE 
RATICi 

2.513 

11.970001 

2.513 

11.970001 

2.513 

12.C70001 

2.513 

12.070001 

2.513 

12.070001 

2.513 

12.07C001 

2.513 

12.070001 

2.513 

12.070001 

2.513 

12.070001 

2.513 

12.070001 

0.13800C 

0.172000 

0.209000 

0. 2*9000 

0.278000 

0.317000 

0.351000 

0.3B600C 

0.428000 

0.462000 

EHPIRICAL 
DATA POINT 

SMOOTHED 
DATA POINT 

0.405000 

0.394147 

0.487000 

0.491073 

0.548000 

0.563251 

0.594000 

0.605506 

0.643000 

0.614919 

0.627000 

0.602187 

0.569000 

0.569738 

0.556000 

0.516048 

0.501000 

0.434959 

0.362000 

0.353602 

SCATTER 
PER CENT EFF. 

SCATTER 
PER CENT VAL. 

1.085239 

2.679604 

0.407379 

0.836508 

0.474858 

0.836018 

1.150679 

1.937171 

2.808022 

4.367065 

2.481270 

3.957368 

0.073862 

0.129810 

3.795147 

6.825804 

6.604076 

13.181789 

0.839769 
■«■«•«»«««»««««.a 

2.319806 

THE NUMBER OF DATA POINTS IS 
THE AVERAGE ERROR IN PER CENT 
THE AVEAAGs ERROR IN PER CENT 

10 
EFFICIENCY   IS     1.972 
CF   EMPIRICAL  DATA   VALUE   IS     3.707 



-■ 

/4g 

•: 
O.N.K. MOZZLE RESEARCH PROGRAM 

HOlikt 
DESISKAtlON 

PRESSURE 
RATIO 

2.511 

25*000039 

2.511 

25.000003 

2.511 

25.000003 

2.511 

25.080001 

2.511 

24.870002 

2.511 

25.210002 

2.511 

23.250003 

2.511 

22.730003 

2.511 

24.680000 

2.511 

24.580001 

2.511 

24.080001 

VELOCITf 
RATIO 

0.127000 

0.188000 

0.157000 

0.222000 

0.255000 

0.281000 

0.317000 

0.353000 

0.288000 

0.322000 

0.358000 

EMPIRICAL 
DATA POINT 

SMOOTHED 
DATA POINT 

0»370000 

0.366285 

0.541000 

0.502585 

0.453000 

0.439443 

0.583000 

0.557628 

0.584000 

0.597193 

0.632000 

0.618986 

0.660000 

0.635863 

0.598000 

0.637716 

0.634000 

0.623466 

0.639000 

0.637008 

0.636000 

0.636811 

SCATTER 
PER  CENT   EFF. 

SCATTER 
PER  CENT   VAL* 

0.371420 

1.003839 

3.841484 

7.100710 

1.355666 

2.992640 

2.537203 

4.351978 

1.319372 

2.259200 

1.301360 

2.059114 

2.413666 

3.657070 

3.971648 

6.641553 

1.053345 

1.661427 

0.199115 

0.311604 

0.081145 

0.127587 
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not ue 
DESIGMIKM 

MtESSVitE 

0,1.».   HillLt  f-£Se**CH moWLAfi 

WELOCITT 
RATIO 

EWItlCA«. 
DATA   rOIMf 

SNOOTNEO 
DATA TOIMT 

SCAT?E« 
*f« CE%f  Ef*« 

SCAlTf« 
«•   CEllT   »114. 

-- 

H9O00 O.MIOM 

O.A?tltA 

««•AltOOO 0.A2&O00 

0.60^491 

THE   «UHftE« Ot    OAIA  rclHTS   iS     1) 
THE  AVERAGE EM«   la »ER CÖlT  E^EICIBCT   IS    2.1 
THE  AVEÜAfiE EMOR   I« RE»  CöfcT OF  EHRI«IC«4.  DATA VALUE   IS I.JS* 

i. 



I So 

NUZZLE 
DESIGNATION 

PRESSURE 
RATIO 

O.N.R. NOZZLE RESEARCH PROGRAM 

VELOCITY 
RATIO 

EMPIRICAL 
DATA POINT 

SMOOTHED 
DATA POINT 

SCATTER 
PER CENT EFF. 

SCATTER 
PER CENT VAL, 

2.511 

22.370002 

2.511 

22.200000 

2.511 

21.960002 

2.511 

19.660003 

2.511 

19.730003 

2.511 

19.830001 

2.511 

19.900001 

2.511 

19.830001 

2 511 

19.830001 

2.511 

19.630001 

2.511 

19.630001 

0.387000 

0.424900 

Ü.446000 

0.132000 

0.165000 

0.198000 

0.233000 

0.264000 

0.295000 

0.331000 

0.394000 

0.652000 

0.613227 

0.631000 

Oc578684 

0.574000 

0.55167? 

0.436000 

0.413982 

0.460000 

0.488146 

0.554000 

0.546766 

0.648000 

0.592630 

0.600000 

0.619805 

0.628000 

0.634873 

0.672000 

0.637845 

0.589000 

0.607770 

3.877270 

5.946734 

5.23154B 

8.290685 

2.232778 

3.889858 

2.201760 

5.049908 

2.8X4639 

6.118780 

0.723362 

1.305707 

5.536938 

8.544658 

1.980567 

3.300945 

0.687360 

1.094523 

3.415453 

5.082521 

1-877045 

3.186834 
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0.*.ft. i«OZZL£ RESEARCH PROGRAM 

NOZZLE 
OESI&MATION 

PRESSURE 
RATtO 

VELOCITY 
RATIO 

EMPIRICAL 
DATA POINT 

SMOOTHED 
DATA POINT 

SCATTER 
PER CENT EFF. 

SCATTER 
PER CENT VALf 

2.511 

19.630001 

2.511 

19.250003 

0.432000 

0.462000 

0.587000 

0.569406 

0.504000 

0.529123 

1.759374 

2.997231 

2.512324 

4.984770 

THE NUMBER Of DAIA POINTS IS  13 
•HE AVERAGE ERROR IN PER CENT EFFICIENCY IS  2.680 
THE AVERAGE ERROR IN PER CENT OF EMPIRICAL DATA VALUE IS  4.599 

C 



/62 

NOZZLE 
UESZOKATIOft 

PRESSURE 
RATIO 

OcN.ft. NOZJLE RESEARCH PROGRAM 

VELOCITY 
RATIO 

EXPiniCAL 
DATA  POINT 

SMOOTMEO 
DATA POINT 

SCATTER 
PER CENT EPF. 

SCATTER 
PER CENT VAL, 

2.511 

17.140003 

2.511 

N05C0< 

2.511 

N0500( 

2.511 

r.GOOOl 

2.511 

f. 1400( 

2.511 

».86001 

2,511 

r. 00001 

2.511 

»•eiooi 

2.511 

i.8700( 

2.511 

>.75001 

2.511 

16.660003 

17.050003 

2.511 

17.050003 

2.511 

17.000003 

2.511 

17.140003 

2.511 

16.860000 

2,511 

17.000003 

2.511 

16.810001 

2.511 

16.870002 

2.511 

16.750003 

2.511 

o.moco 

0.167000 

0.201000 

0.234000 

0.267000 

0.301000 

0.332000 

0.367000 

0.402000 

0.436000 

0.471000 

0.363000 

0>386362 

0.474000 

0.481212 

0.574000 

0.551129 

0.668000 

0.595047 

0.58S000 

0.618379 

0.588000 

0.624024 

C.644000 

0.615621 

0.564000 

0.593780 

0.617000 

0.562247 

0.508000 

0.525693 

0.536000 

0.485428 

2.336228 

6^435890 

0.721204 

1.521528 

2.287066 

3.984436 

7.295239 

10.921016 

3.037953 

5.166588 

3.602445 

6.126608 

2.837849 

4.406598 

2.978086 

5.280296 

5.475259 

8.874002 

1.769340 

3*482953 

5.057186 

9.435049 

C 
THE NUMBER OF DATA POINTS IS  11 
THE AVERAGE ERROR IN PER CENT EFFICIENCY IS  3.399 
THE AVERAGE ERROR IN PER CENT OF EMPIRICAL DATA VALUE IS  5.966 
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/53 

O.N.R. NOZZLE RESEARCH PROGRAM 

NOZZLE 
DESIGNATION 

PRESSURE 
RATIO 

VEI.QCITV 
RATIO 

EMPIRICAL 
DATA POINT 

SKOOTHED 
DATA POINT 

SCATTER 
PER CENT EFF. 

SCATTER 
PER CENf VAL, 

2.511 

1^.670000 

2.511 

14,870000 

2.511 

15.230001 

2.511 

15.150001 

2.511 

15.030000 

2.511 

15.110000 

2.511 

14.920000 

2.511 

15.000001 

2.511 

15.000001 

2.511 

15.000001 

2.511 

15.070001 

0.135000 

0.16800C 

0.203000 

0.238000 

0.274000 

0.305000 

0.337000 

0.376000 

0.410000 

0.439000 

0.477000 

0.446000 

0.422237 

0.480000 

0.489245 

0.545000 

0.543913 

0.627000 

0.582253 

0.598000 

0.605249 

0.569000 

0.612139 

0.627000 

0*607218 

0.660000 

0.585232 

0.577000 

0.552329 

0«530000 

0.514564 

0.421000 

0.452126 

2.376252 

5w3279ig 

0.924533 

1.926111 

0.108611 

0«199287 

4.474688 

7.136663 

0.724959 

1.212306 

4.315960 

7*585168 

1.978123 

3.154901 

7.476736 

11.328383 

2.467048 

4.275648 

1.543593 

2.912440 

3.112632 

7.393425 

THE NUMBER OF DATA POINTS IS 
THE AVERAGE ERROR IN PER CENT 
THE AVERAGE ERROR IN PER CENT 

11 
EFFICIENCY IS  2.682 
OF EMPIRICAL DATA VALUE IS  4.768 



' 

NOZZLE 
DCS IGNATION 

PRESSURE 
RATIO 

O.McR. NOZZLE RESEARCH PROGRAM 

V6U3CITV 
RATIO 

EMPIRICAL 
DA1A POINT 

SMOOTHED 
DATA POINT 

/54 

SCATTER 
»ER CENT  EFF. 

SCATTER 
PER CENT   VAL. 

2.511 

12.000001 

k.5ll 

U.9^0000 

2*511 

12.000001 

2.511 

12.100000 

2.511 

12.040000 

2.511 

11.900001 

2.511 

11.900001 

2.511 

11.900001 

2.511 

12.000001 

2.511 

11.940000 

2.511 

11.950000 

0.1^9000 

0.175000 

0.211000 

0.237000 

0.279000 

0.318000 

0.154000 

0.385000 

0.421000 

0.458000 

0,492000 

0.365000 

0.392907 

0.467000 

0.478296 

0.565000 

0.534087 

0.503000 

0.557480 

0.567000 

0.568159 

0.538000 

0.551313 

0.519000 

0.515903 

0.468000 

0.472234 

0.289000 

0.408588 

0.302000 

0.331373 

0.230000 

0.252332 

2.79573T 

7.645856 

1.129633 

2.418915 

£.091228 

54471200 

5.448008 

10.831031 

0.115907 

0.204421 

1.331329 

2.474590 

0.309634 

0.596597 

Ü.423467 

0.904844 

11.958862 

41.380149 

2.937353 

9,726335 

2.233228 

9.709686 

THE NUMBER OF DATA POINTS IS  11 
THE AVERAGE ERROR IN PER CENT EFFICIENCY IS  2.888 
THE AVERAGE ERROR IN PER CENT OF EMPIRICAL DATA VALUE IS  8.305 
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0,N.R« NOZZLE RESEARCH PROGRAM 

NOZZLE 
DESIGNATION 

PRESSURE 
RATIO 

VELCCITV 
RATIO 

EMPIP.ICAL 
DATA POINT 

SMOOTHED 
OAT« POINT 

SCATTER 
PER CENT JFF» 

SCATTER 
PER CENT VAL. 

2Si37000? 

?oW 

24.8500C2 

£.59 

25.060001 

2.59 

25.080001 

2.59 

25.080001 

0.191000 

0.256000 

0.312000 

0.285000 

0.450000 

0.44900C 

0.48*367 

0.556090 

0.5762i7 

0.617000 

0.613044 

0.5^2000 

0.5997?6 

0.528000 

0.537054 

3.536767 

7.576987 

2.023733 

3*639807 

0,395596 

0.641160 

5.779684 

10•663623 

0.9C5478 

1.714920 

THE NUMBER OF DATA POINTS IS       5 
THc AVERAGE ERROR IN PER CENT EFFICIENCY IS  2.528 
THE AVERAGE ERROR IN PER CENT OF EMPIRICAL DATA VALUE IS     <.«0? 

I 



(SU 

O.N.R. NOZZLF RESEARCH PROGRAM 

NOZZLE 
DESIGNATION 

PRESSURE 
RATIO 

VELOCITY 
RATIO 

EMPIRICAL 
DATA POINT 

SMOOTHED 
DATA POINT 

SCATTER 
PER CENT EFF. 

SCATTER 
PER CENT VAL, 

2.59 0.197000 

20.230003 

2.59 0.263000 

20.230003 

2.59 0.328000 

20.400001 

2.59 0.396000 

20.400001 

2 ,.59 0.434000 

20.400001 

THE NUMBER OF DATA POINTS IS 
THE AVERAGE ERROR IN PER CENT 
THE AVERAGE ERROR IN PER CENT 

0.540000 

0.523025 

0.560000 

0.593017 

0.565000 

0.608709 

0.559000 

0.573654 

0.513000 

0.533084 

1.697480 

3.143483 

1.301777 

2.244444 

4.370964 

7.736219 

1.465440 

2.621538 

2.008426 

3.915061 

EFFICIENCY IS  2.168 
OF   EMPIRICAL  DATA   VALUE   IS     3.932 



IS1 

O.N.R. NOZZLE RESEARCH PROGRAM 

NOZZLE 
DESIGNATION 

PRESSURE 
RATIO 

VELOCITY 
RATIO 

EMPIRICAL 
DATA POINT 

SMOOTHED 
DATA POINT 

SCATTER 
PER CENT EFF. 

SCATTER 
PER CENT VALt 

2.59 

16.900001 

2.59 

16.900001 

2.59 

16.670002 

2.59 

16.650002 

2.59 

16.530002 

0.199000 

0.265000 

0.332000 

0.400000 

0.443000 

0.524000 

0.513042 

0.584000 

0.580467 

0.565000 

0.573920 

0.480000 

0.515432 

0.437000 

0.463193 

1.095746 

2.091122 

0.353264 

0.604905 

0.892090 

1.578922 

3.543163 

7.381799 

2.619391 

5.994031 

THE NUMBER 0(: DATA POINTS IS   5 
THE AVERAGE ERROR IN PER CENT EFFICIENCY IS  1.700 
THE AVERAGE EF.RQR IN PER CENT OF EMPIRICAL DATA VALUE IS  3.530 



IS& 

O.N.R. NOZZLE RESEARCH PROGRAM 

NOZZLE 
DESIGNATION 

PRESSURE 
RATIO 

VELOCITY 
RATIO 

EMPIRICAL 
DATA POINT 

SMOOTHED 
DATA POINT 

SCATTER 
PER CENT EFF. 

SCATTER 
PER CENT VAL. 

2.59 0.205000      0.475000 2.501100 

14.550001 0.500011 5.26547^ 

2.59 0.271000      0.543000 0.142324 

14.420000 0.544423 0.262106 

2.59 0.340000      0.557000 1.869201 

14.240001 0.538308 3.355838 

2.59 0.4130^0      0.449000 2.910608 

14.300001 0.478106 6.482423 

2.59 0.451000      0.388000 3.857440 

14.050001 0.426574 9.941856 

THE NUMBER OF DATA POINTS IS   5 
THE AVERAGE ERROR IN PER CENT EFFICIENCY IS  2.256 
THE AVERAGE ERROR IN PER CENT OF EMPIRICAL DATA VALUE IS  5.061 

C 
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NOZZLE 
DESIGNATION 

PRESSURE 
RATIO 

O.N.R. NOZZLE RESEARCH PROGRAM 

VELOCITY 
RATIO 

EMPIRICAL 
DATA POINT 

SMOOTHED 
DATA POINT 

SCATTER 
PER CENT EFP. 

SCATTER 
PER CENT VAL» 

2.59 

11.340000 

2.59 

11.340000 

2-59 

11.230001 

2.59 

12.230001 

2.59 

12.140001 

0.210000 

0.279000 

0.354000 

0.418000 

0.443000 

0.512000 

0.480624 

0.534000 

0.501388 

0.422000 

0.446335 

0.434000 

0.353072 

0.354000 

0.308543 

3.137570 

6.128067 

3.261185 

6.107089 

2.433574 

5.766763 

8.092798 

18.646999 

4.545605 

12.840692 

THE NUMBER OF DATA POINTS IS 
THE AVERAGE ERROR IN PER CENT 
THE AVERAGE ERROR IN PER CENT 

EFFICIENCY IS  4.294 
OF   EMPIRICAL  DATA   VALUE   IS     9.897 



f 

NOZZLE 
DESIGNATION 

PRESSURE 
RATIO 

O.N.R.   NOZZLE  RESEMCH PROGRAM 

VELOCITY 
RATIO 

EMPIRICAL 
DATA  POINT 

SMOOTHED 
DATA  POINT 

SCATTER 
PER  CENT   EFF. 

SCATTER 
PER  CENT   VAL. 

ItoO 

0>196000 

0.251000 

0.318000 

0.378000 

0.449000 

0.472000 

0.461222 

0.530000 

0.534712 

0.572000 

0.568603 

0.568000 

0.549378 

0.471000 

0.V69153 

1.077711 

£.283288 

0.471222 

0.889099 

0.339651 

0.593795 

1.862168 

3.278465 

0.184631 

0.39199« 

THE NUMBER OF DATA POINTS IS   5 
THE AVERAGE «RROR IN PER CENT EFFICIENCY IS  0.787 
THE AVERAGE ERROR IN PER CENT OF EMPIRICAL DATA VALUE li  1.487 

c 
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KSISMIflOK 

MtESsmif 
1UTI0 

Q.«.t.  Wi'tlC  ft£S€*ftC»' »t3£A&» 

SAT* «OI«T 

ftftTA PQIWT 

—»«*i IN Ma »i ^ ■! IM mmmmm 

SCtTTf* 

2.5T 

Z^SMM 

2.5T 

M.^oooei 

2.57 

20.290003 

2.5? 

20.500001 

2.5T 

20.560001 

••I 

0.205000 

0.12OM0 

0.5070M 

0.4«1000 

0.441000 

0.505000 

0.55O«51 

0.! 

2. 

0.5*2^2^ 

0.« 

0.52510e 

0.4 

0.*«*t01 

WSUSTf 

1.20005^ 

2.252«52 

2.25T0I5 

5»0501«3 

:,**-♦.. 

l.ll««®« 

0.1%6t50 

0.ii9*57 

TlC NUROCO OF  DATA rOI«TS   !S       5 
TMi Av€ftA£€ »000 I« PC* Ze*1 ffUCIf^C»   IS     1.2*5 
THE  AVttOSC  EMBOO   10 »Gk CCOf  »  ENOUICAL  OATA  «Aft.*   I«     2.*^» 

c 
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NOZZLE 
DESIGNATION 

PRESSURE 
RATIO 

O.N.R. NOZZLE RESEARCH PROGRAM 

VELOCITY 
RATIO 

EMPIRICAL 
DATA POINT 

SMOOTHED 
DATA POINT 

SCATTER 
PER  CEN1   EFF. 

SCATTER 
PER CENT VAL, 

i 

2.57 Ö.200000 

17.480003 

2.97 0.270000 

17.620002 

2«57 0.334000 

17.480003 

2.57 0.846000 
•r 

17.62000? 

2.57 0.470000 

17.620002 

THE NUMBER OF DATA POINTS IS 
THE AVERAGE ERROR IN PER CENT 
THE AVERAGE ERROR IN PER CENT 

0.493000 

0.497458 

0.552000 

0.556930 

0.548000 

0.537858 

0.483000 

0.433511 

0.380000 

0.365530 

0.445854 

0.904370 

0.493061 

0.893227 

1.014173 

1.850630 

0.051182 

0.105967 

1.446962 

3.607796 

EFFICIENCY IS  0.690 
OF EMPIRICAL DATA VALUE IS  1.512 



Ii>3 

NOZZLE 
OCSIGNATIOH 

PRESSURE 
'/.AT 10 

O.N.R. KOZZLE RESEARCH PROGRAM 

VELOCITY 
RATIO 

EMPIRICAL 
DATA POINT 

SMOOTHED 
2ATA POINT 

SCATTER 
PER CENT EFF. 

SCATTER 
PER CENT VAL* 

0.203000 

0.274000 

0.341000 

0.409000 

0.478000 

THE WUMBER OF DATA POINTS IS 
THE AVERAGE ERROR IN PER CENT 
THE AVERAGE ERROR IN PER CENT 

0.542000 

0.523960 

0.544000 

0.547948 

0.489000 

0.523723 

0.472000 

0.456769 

0.374000 

0.349443 

EFFICIENCY   IS     1.929 
OF   EMPIRICAL   DATA   VALUE   IS     4.189 
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i 

t 
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!t>4 
O.N.R. NOZZLE RESEARCH PROGRAM 

NOZZLE VELOCITY EMPIRICAL SCATTER 
OESIGMATION RATIO DATA POINT PER CENT EFF. 

PRESSURE SMOOTHED SCATTER 
RATIO OATA POINT PER CENT VAL. 

2.57 0.208000 0.549000 1.122284 

12.210001 0.5*1777 2.066821 

2.57 0.279000 0.521000 1.877308 

12.340000 0.539773 3.603279 

2.57 0.348000 0.464000 2.495688 

12.940000 0.488956 5.378633 

2.57 0.423000 0.376000 1.437229 

12.160000 0.3^372 3.822417 

2.57 0.458000 0.341000 0.551337 

12.210001 0.335486 1.616824 

THE   NUM8E«  OF  DATA POINTS   IS       5 
THE  AVERAGE  ERROR   IN PER  CENT   EFFICIENCY   IS     1.496 
THE  AVERAGE ERROR   "«I  P» CENT OF  EMPIRICAL  DATA  V&iUE   IS 3.297 
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NOZZLE 
DESIGNATION 

PRESSURE 
RAT1C 

O.N.R. NOZZLE RESEARCH PROGRAM 

VELOCITY 
RATIO 

EMPIRICAL 
OATA POINT 

SMOOTHED 
DATA POINT 

SCATTER 
PER CENT EFFr 

SCATTER 
PER CENT VAL, 

I 

[ 

I 211.00909 

2it>.9O0CMf 

0.112000 

a.ioTooo 

0.221000 

0.111000 

0.167000 

0.22O00 

0.219000 

0.339000 

0.392000 

5-421 

i.y*i>x 

0.286000 

0.285 721 

0.400000 

0.027829 

0.09T305 

C.374382 

».S«*«9* J.t.5*2» 
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i 

NOZZLE 
DESIGNATION 

PRESSURE 
RATIO 

O.N.R. NOZZLE RESEARCH PROGRAM 

VELOCITY 
RATIO 

EMPIRICAL 
DATA POINT 

SNOOTHEÜ 
DATA POINT 

SCATTER 
PER CENT EFF. 

SCATTER 
PER CENT VAL. 

4.IS 0.342000 

216.000030 

4.15 

216.000030 

4.15 

216.000030 

4.1!» 

216.000030 

4.15 

2U.000030 

0.284000 

0.230000 

0.175000 

0.113000 

0.088405 

0.151899 

2.707541 

5.157221 

0.272238 

0.547763 

2.883470 

6.450716 

0.082784 

0.286452 

THE  NL^SER OF  DATA POINTS   IS     16 
THE   AVERAGE   ERROR   IN  PER  CENT   EFFICIENCY   IS     0.871 
THE   AVE«AGE   ERROR   IN  PER  CENT  V   ENPlftlCAL   DATA   VALi*   IS 1.836 

I 
* 
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NOZZLE 
OFSI GHAT I ON 

PRESSURE 
RATIO 

O.N.R. NdLE RESEARCH ?RO&RAM 

VELOCITY 
RATIO 

ENPHICAL 
DATA ?OiN. 

SMOOTHES 
DATA POINT 

SC^TTc« 
PER  CfcKT   EFF. 

SCATTER 
PER  LENT   VAL, 

%.15 

141.40002« 

4.IS 

141.400024 

4.IS 

140.»0001t 

4.IS 

132.S0O03d 

4.IS 

Mt.«:::}' 

-.is 

l40.«O001f 

4. IS 

13S.90OA24 

4.:5 

13S.90Cd24 

4.^3 

0.116000 

0.175000 

0.229000 

0.290000 

0.349000 

0.407000 

0.3SOOO0 

0.292000 

S.131300 

0.l7T»9e 

9.M9M0 

0.301000 

0.304144 

0.441000 

0.420384 

0.487000 

0.494412 

0.S26OO0 

0.S4S100 

O.SSOOOO 

O.SfeS'.Bfc 

C.S67000 

9.S61419 

0.S73COO 

0.S6S3Oi 

O.SOOOOC 

3.*2J*SS 

i.29'S»v*I 

8.3UC1& 

T^ i»u<*Et nF UL.A p&i^rrs is 
?•*   **£*<££   fc«*0»   I«   Pf«   IE*T 
T*fe   «»£«*&€   QMJl   f*   Pf^R   CWr 

11 
6FHI1E*C»   IS     :.«&* 
-JF   E«»I«:CA^   &A1A   MLMi   IS      *.»* 



- 

0.»i.*t   MOZZI.E  RESEARCH MtOGftAN 

' 

0//LE ^ELOCITf ewmiZki. SCAFiEM 
OESI&1A?10N -ATfO DATA  P01MT ?E* CEMT  EFF. 

PÄESSURE SMOGTHE0 SCATTER 
AATIO GATA pomr PEA  CEHr   *AL. 

*.15 0.1190(H) 0.296000 C.«20s7> 
—— —————» -..•^—»«•._. >-...~....... 

«5.400009 0.3G220» 2.0975«0 

4.15 0.173000 0.319000 0.012140 
mm.mmmmmmm^mm. »-».»---w»^» .->_.. .~~^.. ... 

<*7.50O015 0.399121 25.116428 

♦.:5 0.234000 0.532000 5.191^57 

95.400009 0.^80049 9.76514* 

«-.15 0.297000 0.547000 2.V08433 
—»■»-«-----— »»»,»...... 

95.{KH>015 e.522915 4.4ö?9«6 

4. «5 0.35fr00r 0.5%50 50 2.79096« 
»-------—--- ■ii « ■ «i . ii - » i i.. 

93.000015 0.517G90 5.121CJ5 

«.15 0.398000 i.^t?::: 1.838734 

43.000015 0.441307 3.52416C- 

4.15 0.353000 0.5600^0 1.85878) 

94.««000* 0.51f5t7 3.717566 

4.1» 0.r>7^C0 O.V?300£ 1.9915TC 

93.400009 0.522915 3.95938« 

«.15 0.234^00 S.*1*3QS fi.l»«939 

«4.M000A 6.4«0&%9 0.2190«- 

4.15 9.175000 0.4O40M £.17«2r6 

9«.*0640* 5.«522»' 8.4214«a 

♦.15 0.U0C30 C.33T^5 i.ftT*«»? 

vi.tmil 0952J; .:.'*;»? j 

r*E   «yM8€«  V   »ATA   POf«TS   Ii 
T-»<   ArE««^f   E4.*ai   !«  >f«  Cc9f 
T«ft   AirE«LA«E   EAJO»   '.%   *$*   C£«T 

11 
tFFICIEaCT   !$     2.5« 
^   EWIAJCA^.   SAT«   #AiJi   IS      6-iV« 



I(c1 

0.1.R. NOZZLE RESEARCH PROGRAM 

c 
NOZZLE VELOCITY ENPIRICAL SCATTER - 

DESIGNAT ION RATIO DATA  POINT PER   CENT   EFF. 

PRESSURt SNOOTHEÜ SCATTER 
RATIO DATA   POINT PER  CENT   VAL, - 

4.15 
— 

0.120000 0.294000 1.473240 

47.200004 0.306732 5.011040 

4.15 0.190000 0.400000 0.446830 

«T.100006 0.395531 1.117095 

4.15 0.2«40(>0 0.391000 1.253372 

«7.000007 0.403533 i.205556 

4.15 0.309000 0.3570CC 0.441426 

46.900001 0.3&I414 1.236407 

4.15 0.370090 0.200000 0.594O43 

46.900001 0.205940 2.121505 

4.14 0.34»009 0.H6O&9 0.017402 

46.90C001 0.31*174 0.055322 

*.i5 0.305000 0.361000 0.432503 

*-.?:>;:; 0.765325 1.190070 

4.15 •.2^5000 C.4«60S>9 

2.40327* 

2.272552 

5.334*30 «6.300003 

*.15 :   .rtlX 0.4i0090 2.49322? 

v*.300C9J 0.393067 5.9*4*5T 

♦.15 fr.UMOf 0.303O0C 0.959563 

*^. ::•:.; i 0.312595 3.166075 

'♦* *jmik v i*T» #of«rs is i£ 
-€   A.rRA£E   E« M> I« ««  C£«r EFFICieiCV   !S     i. 830 

1<£    i,f-rLr    t». -^ :N ^€»  CE^ff DP   f«*l*II*t   SA't •Ai*^   tS     2.t*i 



HOHLE 
DESIGNATION 

PRESSURE 
KATIO 

4.IS 

23.003003 

4.IS 

22.900001 

C.N.R. NOZZLE RESEARCH PROGRAH 

VELOCITY 
RATIO 

0.127000 

0.195000 

EMPIRICAL 
DATA IK) INT 

SMOOTHED 
DATA POINT 

0.273000 

0.2^2996 

0.344000 

0.343992 

SCATTER 
PER CENT EFF. 

SCATTER 
PER CENT VAL» 

0.000321 

0.001178 

0.000774 

0.002252 

THE NUMBER OF DATA POINTS IS   2 
THE AVERAGE ERROR IN PER CENT EFFICIENCY IS  0.000 
THE AVERAGE ERROR IN PER CENT OF EMPIRICAL DATA VALUE IS  O.Ol 



m 

NOZZLE 
DESIGflATION 

WtESSUHE 
RATIO 

U.N.K.   l«OZ2LE  RESEARCH  (»RCGRAM 

VELOCITY EMPIRICAL 
RATIO     DATA POINT 

SHOOTHEO 
DATA POINT 

SCATTER 
PER  CENT  EFF. 

SCATTER 
PER  CENT   VAL. 

0.107000 

0.165000 

0.282000 

0.301 SAO 

0.M3O00 

0.419402 

1.958072 

6.94)520 

0.640213 

1.550153 

4.11 0.225000 0.485000 1.922172 

197.000030 0.504221 3.963242 

- 
3 

4.11 0.282000 0.573000 

0.553548 

1.945114 

197.000030 3.394615 

4.11 0.340000 0.559000 

0.576147 

1.714730 

199.500030 3.067496 

4.11 0.401000 0.578000 

0.573892 

0.410723 

199.500030 0.710594 

4.11 0.401000 0.349000 

0.573892 

2.489281 

199.50(1030 4.534210 

• 4.11 0.342CO0 0.582000 

0.57647* 

0.552570 

199.70001? 0.9494 »4 

4.11 

I97.t000ie 

0.264O00 0.578000 

0.554770 

2.322936 

4.818920 

■■ 
4.11 

I99.5OO030 

0.227000 0.533OO0 

0.506446 

2.655351 

4.981897 

4.11 0.1550M 0.418000 

0.401706 

1.629358 

196.700012 3.8-T96 7 

c 



o.n.ii. '•ome tesEMCH mouAM 

ni 

\ 

MZZLE 
DESIGNATION 

mocm 
RATIO 

WltlCAL 
DATA  rai«lT 

SCATTEA 
^Et  CE«iT  Eff. 

—»»■........ 

MESSURE 
RAflO 

SAOOTHfO 
DATA   C?IST 

SCATTEA 
FER CENT  VAL. 

A.11 0.1IS0O0 0.312000 3.506*03 t 

197.800018 0.32006^ 2.58*625 ■ 

I 

THE NUMOEK Of  DATA MINTS IS  12 
THE AVERAGE ERROR IN PER CENT EFFICIENCT IS  1.58? 
THE AVERAGE ERROR IN PER CENT Of   EWUICAL DATA VALOf IS 3.383 

r 

c 



,**«« mk*iL* *£Ma®£M **4S**« 

i 

.... 

•fsifraftiS0H 

»*T i: 

ffi§£J?f 

3.ni»ß 

•»lititm 

»•2Ht«t 

t.jrf»o@ö 

3-3*-f ^9C 

9.*^^ao© 

SÄT*   •tllff 
«-*:■   -. ■ ^t>: ■ ,v.   ■•    s. ■ . 

•««.IMVf 

S.4l*9@# 

-§.*.^-§©© 

§.5%»9®© 

9«9^0M 

^.29M)00 

: 5^1 :** 5.^1*73 



,4 ni 

% 
C 

wome 

fRESSURE 
RATIO 

O.N.R« NÜ£ZL£ RESEARCH PRQURAM 

VFLOCirV 
RATIO 

EMPIRICAL 
DATA POINT 

SMOOTHED 
DATA POINT 

SCATTER 
PER CENT EFF. 

SCATTER 
PER CENT VAL, 

V 

I 

149.60CJ0O 

4.11 

149.&00006 

4.11 

150.200012 

Ü.234000 

0.173000 

0.118000 

0.476000 

0.485866 

0*424000 

0c414336 

0.322000 

0.315035 

0.986832 

2.073177 

0.966328 

2.279076 

0.696498 

2.163038 

THE NUMBER OF DATA POINTS IS  14 
THE AVERAGE ERROR IN PER CENT EFFICIENCY IS  1.401 
THE AVERAGE ERROR IN PER CENT OF EMPIRICAL DATA VALUE IS  2.943 

£ 

* - 

i 



"»»"^•wi i' n Tivivii 

m 

■ 

i 

NOZZLE 
DESIGMATIOW 

PRESSURE 
RATIO 

4.11 

1^9.60000» 

4.11 

149.600006 

4.11 

150.200012 

O.N.JU   NOZZLE  RESEARCH  PROGRAM 

VELOCITY 
RATtO 

0.234000 

0.173000 

0.118000 

EMPIRICAL 
DATA  POINT 

SMOOTHED 
DATA  POINT 

0.476000 

0.485868 

0.424000 

0.414336 

0.322000 

0.315035 

SCATTER 
PER  CENT   EFF. 

SCATTER 
PER  CENT   VALt 

0.986832 

2.073177 

0.966328 

2.279076 

0.696498 

2.163038 

THE   NUMBER  OF  OATA  POINTS   IS     14 
THE   AVERAGE   ERROR   IN   PER  CENT   EFFICIENCY   IS     1.401 
THE   AVERAGE   ERROR   IN  PER   CENT  OF   EMPIRICAL  DATA   VALUE   IS     2.943 

i 



■ 

n- 
NOZZLfc 

OESIGNATION 

PRESSURE 
RATIO 

O.N.R. NOZZLE RESEARCH PROGRAH 

VELOCITY 
RATIO 

EMPIRICAL 
DATA POINT 

SMOOTHED 
DATA POINT 

SCATTER 
PER CENT EFF. 

SCATTER 
PER CENT VALt 

ns 

100.500015 

4.11 

100.100006 

4.11 

100.500015 

4.11 

100.500015 

4.11 

100.500015 

4.11 

<»<».700012 

4.11 

99.70001? 

4.11 

99.700012 

4.11 

99.700012 

4.11 

95.70(1012 

4.11 

0.351000 

J-296000 

0.232000 

0.176000 

0.120000 

0.113000 

0.166000 

0.231000 

0.289000 

0.348000 

0.411000 

99,700012 

0.518000 

0.526192 

0.506000 

0.525331 

0.499000 

0.478381 

0.385000 

0.404307 

0.293000 

0.306523 

0.300000 

0.292969 

0.411000 

0.391631 

0.500000 

0.477305 

0.501000 

0.522444 

0.517000 

0.527202 

0.491000 

0.477577 

5.014810 

1.35231« 

4.615393 

0.703013 

2.343377 

1.936835 

4.712494 

2.269423 

4.538846 

2.144420 

4.280281 

1.020241 

1.973386 

1.342273 

2.733753 



G.N.P. NOZZLE RESEARCH PROGRAM 

/7. 

NOZZLE VELOCITY EMPIRICAL SCATTER i 

DESIGNATION RATIO DATA POINT PER CENT EFF. 

PRESSURE SMOOTHED SCATTER 
RATIO DATA POINT PER CENT VAL* 

; 
1 

4.11 0.426000 0.464000 0.759470 
> 

100.100006 0.456405 1.636790 

4.11 0.411000 0.479000 0.142270 

0.297015 

1 

96.120010 0.4775'7 
■ 

THE NUMBER OF DATA POINTS IS  13 
THE AVERAGE ERROR IN PER CENT EFFICIFNCY IS  1.416 
THE AVERAGE ERROR IN PER CENT 3F EMPIRICAL DATA VALUE IS  3.206 

i 



O.N.R. NOZZLE RESEARCH PROGRAM 

'77 

i 
- 

i 

C 

I 

N07/LE 
DfrSK-NATION 

VELOCITY 
RATIO 

EMPIRICAL 
DATA   POINT 

SCATTER 
PER  CENT  EFF. 

' 

PRESSURE 
RATIO 

4.11 0.115000 

SMOOTHED 
DATA  POINT 

0.271000 

SCATTER 
PER  CENT   VAL, 

2.286502 

• 

80.100006 

*.ll 0.173000 

0.248134 

0.316000 

8.437280 

1.103657 

" 

77.200012 

4.11 0.237000 

0.310000 

0.304963 

0.368000 

3.492587 

2.394062 1 
72.500015 

4.11 

0.344059 

0.317000 

6.505604 

3.104883 

76.500015 

4,11 0.352000 

0.348048 

0.345000 

0.326141 

0.233000 

9.794566 

1.885903 

74.200012 

4.11 0.420000 

5.466385 

1.291632 
■ 

76.900009 

4.11 0.408000 

0.245916 

0.276000 

5.543488 

1.155573 
i 

4.11 0.354000 

0.264444 

0.328000 

4.186860 

0.339782 

■ 

74.200012 

4.11 0.314000 

0.324602 

0.344000 

1.035921 

0.278616 

I 
8 

76.900009 

4.11 0.238000 

0.346786 

0.338000 

0.809930 

0.643116 

*, 

9. 

77.200012 

4.11 0.179000 

0.344431 

0.298000 

1.902710 

1.179933 i 

74.600003 0.309799 3.959508 

£- 



118 

- 

? 

if 

O.N.R. NOZZLE RESEARCH PROGRAM 

j 

I 

I 

%. 

NOZZLE 
DESIGNATION 

PRESSURE 
KATIO 

4.11 

74.800003 

VELOCITY 
RATIO 

0.120000 

EMPIRICAL 
DATA POINT 

SMOOTHED 
DATA POINT 

0.227000 

0.253670 

SCATTER 
PER CENT EFF, 

SCATTER 
PER CENT VAL, 

2.6O7051 

11.749126 

THE NUMBER OF DATA POINTS IS  12 
THE AVERAGE ERROR IN PER CENT EFFICIENCY IS  1.527 
THE AVERAGE ERROR IN PER CENT OF EMPIRICAL DATA VALUE IS  5.24C 



O.N.R. NOZZLE RESEARCH PROGRAM 

/7f 

c 
NOZZLE VELOCITY EMPIRICAL SCATTER 

DESIGNATION RATIO DATA POINT PER CENT EFF. | 

PRESSURE SMOOTHED SCATTER i 

RATIO DATA POINT PER CENT VAL, - 

1 
4.11 0.121000 0.245000 2.045956 

59.800003 0.224540 8.350643 

4.11 0.179000 0.289000 2,309406 

7.991024 39.800003 0.312094 i 

4.a 0.24c000 0.374000 3.489309 
■ 

■ 

59.800^03 0.339106 9,329706 

4.11 0.30300G 0.304000 0.905364 

2.978174 59.800003 0.313053 

4.11 0.365000 0.266000 1.824370 
■■ 

59.800003 0.249756 6.807352 | 

4.11 0.420000 0.165000 1.031234 

59.800003 0.175312 6.249908 

4.11 0.429000 0.170000 C, 169722 

59.800003 0.162302 4.527779 -■ 

4.11 0.363000 0.243000 0.921547 - 

59,800003 0.252215 3.792377 

4.11 0.299000 0.301000 1.503062 

59.800003 0.316030 4.993562 

4.11 0.237000 0.338000 0.117814 

59.800003 0.339178 0.348563 

4.11 0.182000 0.316000 0.113433 

59.800003 0.314865 0.358967 

i 



/ So 

c 

O.N.R. NOZZLE RESEARCH PROGRAM 

4 

i 
NOZZLE 

DESIGNATION 
VELOCITY 

RATIO 
EMPIRICAL 
ÜATA POINT 

SCATTER 
PER CENT EFF. 

- 

PRESSURE 
RATIO 

SMOOTHED 
DATA POINT 

SCATTER 
PER CENT VALi 

\ 

4.11 0.121000 0.210000 i.454043 

1)9.800003 0.224540 6.924016 

THL: NUMdER OF DATA POINTS IS  12 
THE AVERAGE ERROR IN PER CENT EFFICIENCY IS  1.573 
THE AVERAGE ERROR IN PER CENT OF EMPIRICAL DATA VALUE IS  5.221 

t 



i '8! 

; 

- 

C 

O.N.R. NOZZLt RESEARCH PROGRAM 

IMUf ^Lt 
ÜfcSIGNAriON 

VELOCITY 
RATIO 

EMPIRICAL 
DATA POINT 

SCATTER 
PER CENT EFF. 

PRESSURE 
RATIO SMOOTHED 

DATA POINT 
SCATTER 

PER CENT VAL» 

4.11 0.124000 0.324000 1.556653 
50.100006 

0.308433 4.304485 
4.11 0.184000 0.302000 9.773004 

50.100006 
0.399730 32.360939 

4.11 0.247000 0.401C00 2.226770 

0.423267 5.553043 
4.11 0.305000 0.339000 5.464679 

49.900001 
0.393646 16.119996 

4.11 0.371000 0.305000 1.224780 
49.900001 

0.317247 4.015673 
4.11 0.426000 0.242000 0.980717 

50*100006 
0.232192 4.052550 

4.11 0.442000 0.202000 0.353980 

0.205539 1.752376 
4.11 0.429000 0.243000 1.576388 

'»9.900001 
0.227236 6.487194 

4.11 0.369000 0.317000 0.305581 

0.320055 0.963978 
4.11 0.303000 0.438000 4.266232 

49.900001 
0.395337 9.740257 

4.1» 0.242000 0.482000 5.827659 

0.423723 12,090580 

t 



t 

O.N.R. NOZZLE RESEARCH PROGRAM 

iBt 

c 
NOZZLE VELOCITY EMPIRICAL SCATTER ' 

DESIGNATION RATIO DATA POINT PER CENT EFF. ; 

PRESSURE SMOOTHED SCATTER i 
RATIO DATA POINT PER CENT VAL, 

1 

4.11 0.184000 0.421000 2.126992 

1 
- 

: 

50.100006 0.399730 5.052238 

4.11 0.123000 0»337000 3.074205 

50.300003 0.306257 9.122272 

THE NUMbcR OF DATA POINTS IS  13 
THE AVERAGE ERROR IN PER CENT EFFICIENCY IS  2.981 
THE AVERAGE ERROR IN PER CENT OF EMPIRICAL DATA VALUE IS  8.624 



€ 
NOZZLE 

OtSIGNATIPN 

PRESSURE 
RATIG 

D.N.R. NOZZLE RESEARCH PROGRAM 

VELOCITY 
RATIO 

EMPIRICAL 
DATA   POINT 

SMOOTHED 
DATA POINT 

SCATTER 
PER CENT EFF. 

SCATTER 
PER CENT VALt 

I ?i 

-: 

I 

4.11 

39.900001 

%.U 

39.900001 

4.11 

39.900001 

4.11 

39.900001 

4.U 

39,900001 

4,11 

39.900001 

4.11 

39.900001 

4.11 

39.900001 

4.11 

39.900001 

4.11 

39.900001 

4.11 

39.900001 

THE NUMBER OF DATA POINTS 11 
THE AVERAGE ERROR IN PER CENT 
THE AVERAGE ERROR IN PER CENT 

0. 123000 

0. 189000 

0. 247000 

0, 306000 

0. 371000 

0. 426000 

0 .378000 

0, .308000 

0 .249000 

0 .185000 

0 .123000 

0.249000 

0.243321 

0.291000 

0.280073 

0.304000 

0.265557 

0.207000 

0.210709 

0.123000 

0.109118 

0.000000 

-0.006013 

0.072000 

0.095857 

0.209000 

0.208197 

0.24 7000 

0.264333 

0.248000 

0.279519 

0.244000 

0.243321 

0.567817 

2.280392 

1.092630 

3.754745 

3.844291 

12.645696 

0.370919 

1.791882 

1,388141 

11.285703 

0.601351 

0.601351 

2.385756 

33.135505 

0.080266 

0.384050 

1.733345 

7.017591 

3.151962 

12.709524 

0.067818 

0.277943 
■ 

U 
EFFICIENCY IS  1.389 
OF EMPIRICAL DATA VALUE IS  7.807 



c 
NOZZLE 

DESIGNATION 

PRESSURE 
RATIO 

O.N.R. NOZZLE RESEARCH PROGRAM 

VELOCITY 
RATIO 

EMPIRICAL 
DATA POINT 

SMOOTHED 
DATA POINT 

tB± 

SCATTER 
PER CENT EFF. 

SCATTER 
PER CENT VAL, 

4.11 

25.200000 

4.11 

24.900001 

4.11 

25.200000 

4.11 

25.200000 

4.11 

25.200000 

4.11 

25.100002 

4.11 

25.200000 

4.11 

24.900001 

4.11 

25.000003 

4.11 

24.900001 

4.11 

25.000003 

0.128C00 

0.192000 

0.256000 

0.297000 

0.314000 

0.322000 

0.336000 

0.288000 

0.258000 

0.193000 

0.128000 

0.253000 

0.259700 

0.332000 

0.313803 

0.263000 

0.273126 

0*179000 

0.191923 

0.140000 

0.144742 

0.119000 

0.119701 

0.078000 

0.071423 

0.229000 

0.213640 

0.271000 

0.270201 

0.305000 

0.313926 

0.263000 

0.259700 

0.670069 

2.648496 

1.819664 

5.480917 

1.012605 

3.850211 

1.292356 

7.219870 

0.474229 

3.387353 

0.070174 

0.589697 

0.657673 

8.431707 

1,535990 

6.707384 

0.079822 

0.294548 

0.892663 

2.92676^ 

0.329929 

1.254485 

i 
THE NUMBER OF DATA POINTS IS  11 
THE AVERAGE ERROR IN PER CENT EFFICIENCY IS  0.803 
THE AVERAGE ERROR IN PER CENT OF EMPIRICAL DATA VALUE IS  3.890 



O.N.R. NOZZLE RESEARCH PROGRAM 

/^ 

NOZZLE 
DESIGNATiON 

VELOCIVV 
RATIO 

EMPIRICAL 
DATA POINT 

SMOOTHED 
DATA POINT 

SCATTER 
PER CENT FFF* 

SCATTER 
PER CENT VAL» 

PRESSURE 
RATIO 

4.7 0.175000 0.461000 3.08580« 

6.6937,8 203.200012 0.430141 

4.7 0.114000 0.323000 1.55963^ 

4.828604 199.800018 0.307403 

THE NUMBER OF DATA POINTS IS  13 
THE AVERAGE ERROR IN «"ER CENT ETFICIENCY IS  1.288 
THE AVERAGE ERROR IN PER CENT OF EMPIRICAL DATA VALUE IS  2.782 

I 

t 



in 

C 
NOZZLE 

DESIGNATION 

PRESSURE 
RATIO 

O.N.R. NOZZLE RESEARCH PROGRAM 

VELOCITY 
RATiO 

EMPIRICAL 
DATA POINT 

SMOOTHED 
DATA POINT 

SCATTER 
PER CENT EFF. 

SCATTER 
PER CENT VALt 

I 

t; 

si 

*97 

153.700012 

4.7 

153.700012 

4.7 

152.100006 

4.7 

150.200012 

4.7 

152.400024 

4.7 

152.100006 

4.7 

152.400024 

4.7 

152.400024 

4.7 

152.400024 

4.7 

155.400024 

^..7 

152.400024 

0.116000 

0.175000 

0.231000 

0.2^3000 

0.349000 

0.408000 

0.438000 

0.403000 

0.349000 

0.291000 

0.235000 

0.315000 

0.316459 

0.413000 

0.438317 

0.49R000 

0.517684 

0.565000 

0.568848 

0.538000 

0.585924 

0.514000 

0.578194 

0.554000 

0.565494 

0*665000 

0.578194 

0.615000 

0.565924 

0.588000 

0»567751 

0.531000 

0.522101 

0.145942 

0.463307 

2.531719 

6.130071 

1.968461 

2*952734 

0.384855 

0.681159 

4.792440 

6.907880 

6.419397 

12.48<n0l 

1.149404 

2.074737 

8.680606 

13.053543 

2.907550 

4.72T725 

2.02485 3 

3.443628 

0.689897 

1.675889 

c 



c 
NOZZLE 

UE SI G.MAT I ON 

PRESSURE 
RATIO 

-♦.7 

152.400024 

4.7 

160.200012 

O.N.R. NOZZLE REägARCH PROGRAM 

18S 

^ElOCITV 
RATIO 

o.mooo 

0.11600C 

tMPIRICAL SCATTY 
ÜATA   POINT PERSCcA

E
T
N

TE
r
k
tFF 

SHOOTHED 
OATA   P0INT 

0.462000 

0.428317 

0.32200C 

0.316459 

SCA1TER 
PE«   CENT   VAL. 

2.3682/7 

5.126141 

C.554055 

1.720667 
THE   NUMBER   OF  DATA  PülMT<;   ic     ,, 

957 



ißi 

t 
NOZZLE 

DESIGNAnON 

PRESSURE 
RATIO 

O.M.R. NOZZLE RESEARCH PROGRAM 

VELOCITY 
RATIO 

EMPIRICAL 
DATA POINT 

SMOOTHED 
DATA POINT 

SCATTER 
PER CENT EFF. 

SCATTER 
PER CENT VAL» 

4.7 

100.100006 

*.7 

101.000015 

4.7 

99.900009 

4.7 

100.100006 

4.7 

101.C00015 

4.7 

100.100006 

4.7 

100.100006 

4.7 

99.300003 

4.7 

100.100006 

4.7 

100.300003 

4.7 

100.300003 

0.118000 

0,175000 

0.237000 

0.294000 

0.357000 

0.412000 

0.412000 

0.359000 

0.297000 

0.18000 

0.12C000 

0.331000 

0.333092 

0.395000 

0.426409 

0.483000 

0.502157 

0.549000 

0.540455 

0.533000 

0.539022 

0.482000 

0.492914 

0.498000 

0.492914 

0.544000 

0.538122 

0.551000 

0.541498 

0.476000 

0.433626 

0.335000 

0.336667 

0,209218 

0.632079 

3.140968 

7.951818 

1.915711 

3.966276 

0.8^4*68 

1.556409 

0.602245 

1,129916 

1.091420 

2.264358 

0.508576 

1.021238 

0.587725 

1.080376 

0,950169 

1.724445 

4.237342 

8.901981 

0.166773 

0.497832 

i 
THE NUMBER OF DATA POINTS IS 
THE AVERAGE ERROR IN PER CENT 
THE AVERAGE ERROR IN PER CENT 

11 
EFFICIENCY IS  1,296 
OF EMPIRICAL DATA VALUE IS  2,793 



Ifö 

Q.N.R. NOZZLE RESEARCH PROGRAM 

NOZZLE VELOCITY EMPIRICAL SCATTEK 
UtSIbi^ATJCU RATIO OATA POINT PER CENT EFF. 

PRESSURE SMOOTHED SCATTER 
RATIO DATA POINT PER CENT VALt 

4.7 0.123000 0.345000 0.877082 

50.300003 0.336229 2.542268 

4.7 0.186000 0.365000 6.587649 

50.500007 0.430876 18.048355 

4.7 0.24&000 0.443000 0.515461 

50,300003 0.448154 1.163548 

4*7 0.306000 C.372000 3.708797 

50.^00004 0.409088 9.969886 

A.7 0.371000 0.283000 3.699714 

50.300003 0.319997 13.073194 

4.7 0.428000 0.201000 1.500275 

50.800003 0.216002 7.464058            ] 

4.7 0.433000 0.220000 1.383292 

50.800003 0.206167 6.287694 

4,7 0.365000 0.342000 1.221227 

50.300003 0.329787 3.570841 

4.7 0.306000 0.467000 5.791199 

50.500007 0.409088 12.400856 

4.7 0.247000 0.502000 5.407494 

50.300003 0.447925 10.771900 

4.7 0.185000 0.444000 1.397150 

50.200004 0.430028 3.146736 

i 



O.N.R. NOZZLE RESEARCH PROGRAM 

/f / 

c 
NOZZLE VELOCITY EMPIKICAL SCATTER 

DESIGNATION RATIO DATA POINT PER CENT EFF. 

PRESSURE SMOOTHED SCATTER 
RATIO DATA POINT PER CENT VAL* 

4.7 0.123000 0.336000 

0.336229 

0.022917 

50.200004 0.068208 

i 

THE NUMBER OF DATA POINTS IS  12 
THE AVERAGE ERROR IN PER CENT EFFICIENCY IS  2.676 
THE AVERAGE ERROR IN PER CENT OF EMPIRICAL DATA VALUE IS  7.3/5 

^^ 



O.N.ft. NOZZLE RESEARCH PROGRAM 

hit 

t 
NOZME VELOCITY EMPIRICAL SCATTER 

DESIGNATION RATIO DATA POINT PER CENT EFF. 

PRESSURE SMOOTHED SCATTER 
RATIO DATA POINT PER CENT VALt 

4.7 0.128000 0.274000 1.261413 

23.000003 0.206614 4.603697 

4.7 0.194000 0.310000 3.246861 

25.100002 0.342468 10.473749 

4,7 0.255000 0.2940Ö0 1.774305 

25.100002 0.311743 6.035052 

4,7 0.322000 0.165000 0.963401 

25.200000 0*174634 5.838799 

4.7 G 337000 0.153000 2.517599 

25,100002 0.127824 16.454895 

4.7 0.321000 0.145000 3.253743 

25.100002 0.177537 22.439609 

4.7 J.256000 0.364000 5.347783 

25.100002 0.310522 14.691711 

4.7 0.194000 0.349000 0.653141 

25,100002 0.342468 1.871466 

4,7 0.129000 0.30B000 1.990872 

25.100002 0.288091 6.463872 

FHE NUMBER OF DATA POINTS IS 
THE AVERAGE ERROR IN PER CENT 
THE AVERAGE ERROR IN PER CENT 

EFFICIENCY IS  2.334 
OF EMPIRICAL DATA VALUE IS  9.874 

I 



NOZZLE 
DESiGNATION 

PRESSURE 
RATIO 

O.N.R. NOZZLE RESEARCH PROGRAM 

VEtOCITY 
RATIO 

EMPIRICAL 
DATA  POINT 

SMOOTHED 
DATA POINT 

SCATTER 
PER  CENT   EFF. 

SCATTER 
PER CENT VAL, 

113 

PLUG «A» 

23.720001 

PLUG 'A« 

23.470001 

PLUG »A» 

23.400001 

PLUG 'A« 

23.580001 

PLUG «A« 

23.540000 

PLUG »A« 

24.250003 

PLUG «A» 

24.550003 

PLUG «A« 

24.850002 

PLUG 'A» 

24.480003 

PLUG «A» 

24.290000 

PLUG «A« 

24.310001 

0.194000 

0.191000 

0.190000 

0.259000 

0.259000 

0.322000 

0.324000 

0.390000 

0.390000 

0.456000 

0.4570Q0 

0.469000 

0.453778 

0.404000 

0.449668 

0.458000 

0.448267 

0.526000 

0.520011 

0.525000 

0.520047 

0.568000 

0.534361 

0.574000 

0.534261 

0.505000 

0.505344 

0.511000 

0.504757 

0.447000 

0.438727 

0.466000 

0.437561 

1.522112 

3* 45441 

3.433180 

7.093347 

0.973266 

2.125036 

0.598847 

1.138494 

0.495266 

0.943365 

3.363895 

5.922351 

3.973877 

6.923132 

0.034439 

0.068197 

0.624299 

1.221720 

0.827282 

1.850744 

2.843857 

6.102698 

i 



/<?4 

O.N.R. NOZZLE RESEARCH PROGRAM 

( 

NOZZLE 
DESIGNATION 

PRESSURE 
RAVIO 

V6LOCITY 
RATIO 

EMPIRICAL 
DATA POINT 

SMOOTHED 
DATA POINT 

SCATTER 
PER CENT EFF. 

SCATTER 
PER CENT VALt 

PLUG «A« 

24.110000 

PLUG •A« 

24.210002 

PLUG »A» 

24.830001 

PLUG «A« 

24.000003 

PLUG «A« 

24.480003 

PLUG •A« 

24.530002 

PLUG «A« 

24.660003 

PLUG «A« 

24.660003 

PLUG •A« 

24.580001 

PLUG »A» 

24.580001 

PLUG «A« 

24.450000 

0.389000 

0. 325000 

0. 260000 

0. 195000 

0. 130000 

0, 129000 

0. 127000 

0. 126000 

0. >192000 

0. .191000 

0. .257000 

0.582000 

0.504943 

0.488000 

0.533962 

0.565000 

0.520292 

0.505000 

0.454964 

0.296000 

0.329520 

0.331000 

0.327109 

0.322000 

0.322284 

0.320000 

0.319800 

0.467000 

0.450394 

0.446000 

0.448900 

0.515000 

0.518379 

7.705677 

13.239995 

4.596287 

9.418621 

4.470742 

7.912817 

5.003578 

9.908075 

3.352022 

ll.?':4401 

0.389099 

1.175526 

0.028473 

0.088425 

0.019997 

0.062491 

1.660502 

3.555679 

0.290006 

0.650238 

0.337910 

0.656137 



€ 
NOZZLE 

DESIGNATION 

PRESSURE 
RATIO 

O.N.R. NOZZLE RESEARCH PROGRAM 

VELOCITY 
RATIO 

EMPIRICAL 
UATA POINT 

SMOOTHED 
DATA POINT 

SCATTER 
PER  CENT   EFF. 

SCATTER 
PER CENT VALt 

19 J 

PLUG «A« 

24.660003 

PLUG »A« 

24.450000 

PLUG 'A' 

24.660003 

PLUG »A« 

24.660003 

PLUG »A« 

24.660000 

PLUG «A« 

24.760002 

PLUG «A« 

24.470001 

PLUG *-A» 

24.560001 

PLUG «A« 

24.470001 

PLUG «A« 

24.370002 

PLUG «A« 

24.370002 

0.257000 

0.325000 

0.324000 

0.389000 

0.390000 

0.458000 

0.445000 

0.383000 

0.326000 

0.258000 

0.196000 

0.516000 

0.918405 

0.489000 

0.534070 

0.489000 

0.534330 

0.511000 

0.505771 

0.505000 

0.505069 

0.421000 

0.437711 

0.450000 

0.452319 

0.516000 

0.509853 

0.539000 

0.533936 

0.519000 

0.519002 

0.449000 

0.456230 

0.240528 

0.466140 

4.507041 

9.216854 

4.533053 

9.270048 

0.52  52 

1.023193 

0.006961 

0.013785 

1.671159 

3.969500 

0.231963 

0.515474 

0.614619 

1.191123 

0.506401 

0.939519 

0.000250 

0.000482 

0.723064 

1.61(B«7 

t 



1% 

t 
NOZZLE 

DESIGNATION 

PRESSURE 
RATIO 

O.N.R. NOZZLE RESEARCH PROGRÄM 

VELOCITY 
RATIO 

EMPIRICAL 
DATA POINT 

SMOOTHED 
DATA POINT 

SCATTER 
PER CENT EFF. 

SCATTER 
PER CENT VALt 

PLUG »A« 

24.570003 

PLUG »A» 

24.450000 

PLUG «A« 

24.250003 

PLUG «.A« 

24,740001 

PLUG lA» 

24.330001 

PLUG «A« 

24.530002 

PLUG «A» 

24.850002 

PLUG »/A« 

24.530002 

PLUG •A« 

24.680000 

PLUG «A« 

24.530002 

PLUG »A» 

24.450000 

0.129000 

0.124000 

0.191000 

0.254000 

0.323000 

0.384000 

0.449000 

0.448000 

0.389000 

0.256000 

0.194000 

0.339000 

0.327134 

0.332000 

0.J14632 

0.428000 

0.4<8926 

0.507000 

0.516496 

0.536000 

0.534275 

0.527000 

0.509124 

0.430000 

0.448739 

0.429000 

0.449010 

0.523000 

0.505802 

0.539000 

0.517750 

0.405000 

0.453331 

1.186532 

3.500093 

1.736718 

5.231081 

2.092606 

4.,l889266 

0.949645 

1.873067 

0.172448 

0.321731 

1.787507 

3.391855 

1,873964 

4.358057 

2.001017 

4.664376 

1.719701 

3.288148 

2.124917 

3.942333 

4.833120 

11.933630 

THE NUMBER OF DATA POINTS IS 
THE AVERAGE ERROR IN PER CENT 
THE AVERAGE ERROR IN PER CENT 

44 
EFFICIENCY IS  1.831 
OF EMPIRICAL DATA VALUE IS  3.869 



/^7 

O.N.R. NOZZLE RESEARCH PROGRAM 

NOZZLE 
DESIGNATION 

PRESSURE 
RATIO 

ELOCITV 
RATIO 

EMi'IRICAL 
DATA POINT 

SMOOTHED 
DATA POINT 

SCATTER 
PER CENT EFF. 

SCATTER 
PER CENT VALt 

PLUG *A* 

20.160003 

PLUG «A» 

20.430000 

PLUG 'A» 

20.060001 

PLUG «A« 

20.330001 

PLUG «A« 

20.060001 

PLUG U» 

20.060001 

PLUG «A« 

20.100002 

PLUG «A» 

20.100002 

PLUG »A» 

20.230003 

PLUG «A» 

20.130001 

PLUG »A» 

20.000003 

0.131000 

0. 199000 

0. 265000 

0, .332000 

0. .402000 

0. .464000 

0. .465000 

0. .401000 

0. .332000 

0 .264000 

0 .199000 

0.341000 

0.344619 

0.445000 

0.469285 

0.549000 

0.321917 

0.477000 

0.530742 

0.574000 

0.482406 

0.388000 

0.405312 

0.393000 

0.404206 

0.539000 

0.483619 

0.476000 

0.530574 

0.468000 

0.527412 

0.504000 

0.470764 

0.361967 

1.061487 

2.438575 

5.479944 

2.108252 

3.640163 

5.374253 

11.266777 

9.159368 

15.957088 

1.731258 

4.462007 

1.120615 

2.851438 

5.538088 

10.274747 

5.457426 

11.465181 

5.94i206 

12.694885 

3.323591 

6.594427 

/ 



MS 

€ 
NOZZLE 

DESIGNATION 

PRESSURE 
RATIO 

O.N.R.   NC21LE  RESEARCH PROGRAM 

VELOCITY 
RATIO 

EMPIRICAL 
DATA  POINT 

SMOOTHED 
DATA  POINT 

SCATTER 
PER  CENT   EFF. 

SCATTER 
PER  CENT   VAL 

, 

I 

' 

:-ii 

PLUG   »A» 

20.000003 

PLUG   «A« 

20.270000 

PLUG   «A* 

20.000003 

PLUG   «A» 

20.500003 

PLUG   «A« 

19.530002 

PLUG   »A« 

19.530002 

PLUG   «A» 

19.490001 

PLUG   «.A» 

19.530002 

PLUG   »A» 

l<»,550003 

PLUG   »A» 

19.400001 

^LUG   «A» 

19.400001 

0.132000 

0.130000 

0.130000 

0.196000 

0.132000 

0.328000 

0.198000 

0.400000 

0.456000 

0.401000 

0.329000 

0.377000 

0.347798 

0.37300C 

0.341674 

0.344000 

0.343028 

0-461000 

0.465074 

0.329000 

0.350174 

0.584000 

0.530418 

0.450000 

0.471018 

0.478000 

0.481299 

0.406000 

0.412167 

0.461000 

0.479429 

0.516000 

0.529749 

2.920168 

7.745805 

3.132599 

8.3983^1 

0.097137 

0.282377 

0.407439 

0.883816 

2.117413 

6.435906 

5.358148 

9.174911 

2.101832 

4*670739 

0.329911 

0.690191 

0.616729 

1.519037 

1.842957 

3.997739 

1.374972 

2.664674 

€ 



« 

NOZZLE 
DESIGNATION 

O.N.R. NOZZLE 

VELOCITY 
RATIO 

RESEARCH PROGRAM 

EMPIRICAL 
DATA POINT 

SCATTER 
PER CENT EFF. 

111 

PRESSURE 
RATIO 

PLUG »A« 0.265000 

SMOOTHED 
DATA POINT 

0.517000 

SCATTER 
PER CENT VAL, 

1.132023 

19.400001 

PLUG «A« 0.130000 

0.528320 

0.366000 

2.189600 

1.954347 

19.330001 

PLUG •A« 0.263000 

0.346456 

0.593000 

5.339746 

6.559122 

19.560001 

PLUG •«• 0.19B000 

0.527408 

0.453000 

11.060915 

1.828706 

19.400001 0.471287 4.036880 

THE NUMBER OF DATA POINTS IS  26 
THE AVERAGE ERROR IN PER CENT EFFICIENCY IS  2.858 
THE AVERAGE ERROR IN PER CENT OF EMPIRICAL DATA VALUE IS  5.963 



Zoo 

>' 

- 

O.N.R. NOZ2LE RESEARCH PROGRAM 

NOZZLE 
DESIGNATION 

PRESSURE 
R^.rio 

VELOCITY 
RATiO 

EMPIRICAL 
DATA POINY 

SMCOTMEO 
DATA 'DINT 

SCATTER 
PER CENT EFF. 

SCATTER 
PER CENT VA.., 

I 
v 

1 

- 

Wi 

PLUG «A« 

1?.280002 

PLUG 'A' 

17.280002 

PLUG «A» 

16.980003 

PLUG »A« 

17.170002 

PLUG «.A« 

17.220001 

PLUG »A» 

17.040000 

PLUG •A« 

17.280002 

PLUG «A« 

16.720001 

PLUG 'A* 

17.100002 

PLUG 'A' 

16.980003 

PLUG «A« 

17*U0003 

0.132000 

0,201000 

O.268OL0 

0.336000 

0.406000 

0.480000 

0.472000 

0.408000 

0*33:000 

0.268000 

0.20300Ü 

0.350000 

0.360913 

0.499000 

0.479346 

0.529000 

0.525808 

0.458000 

0.515551 

0.459000 

0.453228 

0.326000 

0.337919 

0.363000 

0.356378 

0.453000 

0.444008 

0.547000 

0.514451 

0.483000 

0.525808 

0.535000 

0.481755 

1.091307 

3.116021 

1.965391 

3.938661 

0.319147 

0.603302 

5.755139 

12.565807 

0.577128 

1.257359 

1.191914 

3.656178 

0.662118 

1.824017 

0.899112 

1.984795 

3.254867 

5.950397 

4.280847 

8.863037 

5.32^441 

9.952228 

t 



Zo ! 

0,N.R. NOZZLE RESEARCH PROGRAM 

NOZZLE VELOCITY EMPIRICAL SCATTER 5 
OESIGNAHON RATIO DATA  POINT PER  CENT   EFF. 

SCATTER 

= ̂ > 

PRESSURE SMOOTHED \ 

RATIO DATA   POINT PER  CENT   VÄL, ■ 

PLUG   »A« 0.134000 0.359000 0.698167 
i 

> 

17.140003 0.365981 1,944755 
> 

PLUG   »A« 0.12900C 0.358000 0.225794 

0.630710 

\ 

16.850002 0.355742 • 

PLUG   IA» 0.196000 0.456000 1.7550T0 
'i 

16.850002 0.473550 3.848839 : 

PLUG   «A« 0.261000 0.514000 1.012695 : 

17.080001 0.524127 1.970223 
■ 

PLUG   •A« 0.329000 0.489000 2.841163 ■■ 

16.940002 0.517411 5.810149 
: 

PLUG   «A» 0.396000 C.454000 1.053422 '- 

17.180000 0.464534 2.320314 
] 

PLUG   «A« 0.464000 0.341000 2.719653 

7.975522 

\ 

17.180000 0.368196 
z 

PLUG   «A» 0.462000 0.350000 

0.367 305 

1.730555 
I 

16.940002 4.9^444A ' 

PLUG   «A« 0.399000 0.451000 0.746005 

1.654114 16.970001 0.458460 '-. 

PLUG   »A« 0.33100C 0.499000 1.959336 

17.250003 0.518593 3.926525 
■ 

PLUG   •A« 0.265000 0,507000 1.9U366 

17.330001 0.526113 3.769953 

i 
THE NUMBER OF DATA POiNTS IS 
THE AVERAGE ERROR IN PER CENT 
THE AVERAGE ERROR IN PER LEfv^ 

22 
EFFICIENCY IS  1.907 
OF EMPIRICAL DATA VALUE IS  4.204 



V ZcZ 

c 
NOZZLE 

DESIGNATION 

PRESSURE 
RATIO 

O.N.R. NOZZLE RESEARCH PROGRAM 

VELOCITY 
RATIO 

EMPIRICAL 
DATA POINT 

SMOOTHED 
DATA POINT 

SCATTER 
PER CENT EFF. 

SCATTER 
PER CENT VAL, 

PLUG «A« 

14.870000 

PLUG •A« 

14.870000 

PLUG ».A» 

15.C20000 

PLUG «A« 

15.000001 

PLUG »A« 

14.810001 

PLUG 'A* 

14.810001 

PLUG »A« 

15.070001 

PLUG 'A* 

15.260000 

PLUG »A« 

15.000001 

PLUG «A« 

15.180000 

PLUG 'A* 

15.000001 

0.137000 

0.137000 

0.13800C 

0.206000 

0,275000 

0.344000 

0.412000 

0.430000 

0.414000 

0.343000 

0.207000 

0.373000 

0.377616 

0.384000 

0.377616 

0.376000 

0.379609 

0.520000 

0.481455 

0.555000 

0.512552 

0.485000 

0.483303 

0.463000 

0.409843 

0.330000 

0.297494 

0.442000 

0.495442 

0.479000 

0.489584 

0.501000 

0.482415 

0.461655 

1.237683 

0.638342 

1.662348 

0.360Q71 

0.960031 

3.854447 

7.412399 

4.244709 

7.648125 

0.169694 

0.349885 

5.315703 

11.480999 

3.250551 

9.3301*6 

3.655714 

8.270847 

1.058453 

2.209714 

1.85S461 

3.709503 

€ 
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v 
€ 

NOZZLE 
DESIGNATION 

PRESSURE 
RATIO 

O.N.R. NOZZLE RESEARCH PROGRAM 

VELOCITY 
RATIO 

EMPIRICAL 
DATA POINT 

SMOOTHED 
DATA POINT 

Z03 

SCATTER 
PER CENT EFF. 

SCATTER 
PER CENT VAL» 

PLUG «A» 

U.760000 

0.140000 0.342000 

0.383720 

4*172021 

12.198894 

THE NUMBER OF DATA POINTS IS  12 
THE AVERAGE ERROR IN PER CENT EFFICIENCY IS  2.420 
THE AVERAGE ERROR IN PER CENT OF EMPIRICAL DATA VALUE IS  5.582 

c 
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i 
NOZZLE 

DESIGNATION 

PRESSURE 
RATIO 

O.N.R. NOZZLE RESEARCH PROGRAM 

VELOCITY 
RATIO 

EMPIRICAL 
DATA POINT 

SMOOTHED 
DATA POINT 

Zof 

SCATTER 
PER CENT EFF. 

SCATTER 
PER CENT VALt 

V 

s 
i.- 

PLUG 'A» 

11.960001 

PLUG «A« 

12.000001 

PLUG »A« 

12.000001 

PLUG «A« 

12.100000 

PLUG 'A' 

12.020000 

PLUG »A« 

11.940000 

PLUG »A» 

12.020000 

PLUG •A» 

12.020000 

PLUG »A« 

12.000001 

PLUG *4» 

12.020000 

0.139000 

0.211000 

n.280000 

0.351000 

0.423000 

0.491000 

0.422000 

0.350000 

0.211000 

0.140000 

0.372000 

0.371895 

0.471000 

0.459699 

0.490000 

0.469936 

0.411000 

0.418677 

0.250000 

0.305922 

0.154000 

0.156431 

0.353000 

0.307791 

0.374000 

0.417614 

0.471000 

0.459699 

0.365000 

0.374146 

0.010406 

0.027975 

1.130092 

2.399346 

2.006334 

4.094559 

0.767797 

1.868120 

5.592239 

22.368957 

0-243106 

1,578613 

4.520828 

12.806877 

4.361433 

11.661584 

1.130092 

2.399346 

0.914609 

2.505779 

THE NUMBER OF DATA POINTS IS 
THE AVERAGE ERROR IN PER CENT 
THE AVERAGE ERROR IN PER CENT 

10 
EFFICIENCY   IS     2.067 
OF   EMPIRICAL   DATA   VALUE   IS     6.171 

i 
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ffi 

I 

I 

NOZZLE 
DESIGNATION 

O.N.R. NOZZLE 

VELOCITY 
RATIO 

RESEARCH PROGRAM 

EMPIRICAL 
DATA POINT 

SCATTER 
PER CENT EFF. 

\ 
\ 
• 

PRESSURE 
RATIO 

PLUG «B» 0.125000 

SMOOTHED 
DATA POINT 

0.345000 

SCATTER 
PER CENT VAL, 

l.i33141 

3.864178 

1.109820 

3 

1 

24.950000 

PLUG •B« 0.189000 

0.358331 

0.469000 
■ 

\ 

24.850002 

PLUG »B« 0.256000 

0.480098 

0.574000 

2.366355 

4.051411 

24.870002 

PLUG 'B« 0.316000 

0.533485 

0.518000 

7.058208 

0.539076 

24.850002 

PLUG »B« 0.393000 

0.523390 

0.455000 

0.444154 

0.351000 

1.040688 

1.084596 

24,950000 

PLUG 'B« 0.456000 

2.383727 

1.752341 

25.060001 

PLUG »B« 0.453000 

0.333476 

0.325000 

4.992424 

1.024371 

3.151912 

3.946513 

■ 

24.750003 

PLUG »B« 0.390000 

0.335243 

0.488000 1 

24.950000 

PLUG 'B* 0.323000 

0.448534 

0.509000 

8.087118 

0.908124 

1 

i 

■ 

24.750003 

PLUG »B« 0.318000 

0.253000 

0.518081 

0.521000 

1.784134 

0.392043 

25.120002 

PLUG «B« 

0.524920 

0.595000 

0.752483 

6.312991 
j 

24.790000 0.531870 10.610069 ■: 

i 

t 
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2^ 
O.N.R. NOZZLE RESEARCH PROGRAM 

NOZZLE VELOCITY EMPIRICAL SCATTER 
DESIGNATION RATIO DATA POINT PER CENT EFF. 

PRESSURE SMOOTHED SCATTER 
RATIO DATA POINT PER CENT VAL, 

PLUG «B* 0.192000 0.509000 2.595603 

24.750003 0.483043 5.099418 

PLUG «B« 0.130000 0.387000 1.881230 

24.750003 0.368187 4.861060 

THE NUMBER OF 
TUP A\/CD4CF PI 

DATA POINTS IS 
tana   IM PPB TPMT 

13 
FFfiriPwrv TU 7.071                     I 

THE AVERAGE ERROR IN PER CENT OF EMPIRICAL DATA VALUE IS  4.311 

1 



Zorl 
O.N.R.   NOZZLE  RESEARCH  f-ROGRAM 

I 

- 

■':. 

« 

NOZZLE 
DESIGNATION 

PRESSURE 
RATIO 

PLUG «B« 

20.350002 

PLUG »B« 

20.400001 

PLUG 'B* 

20.160003 

PLUG «B« 

20.100002 

PLUG «b' 

20.44000? 

PLUG 'B» 

20.060001 

PLUG «B« 

20.260002 

PLUG IB« 

19.800003 

PLUG «B« 

20*200000 

PLUG »B« 

19.830001 

PLUG »B» 

20.400001 

VELOCHY 
RATIO 

0.130000 

0.197000 

0.254000 

0.324000 

0.392000 

0.455000 

0.456000 

0.400000 

0.326000 

0.265000 

0.194000 

EMPIRICAL 
DATA POINT 

SMOOTHED 
DATA POINT 

0.392000 

0.348213 

0.488000 

0.472114 

0.51500U 

0.512097 

0.501000 

0.488365 

0.400000 

0.402375 

0.248000 

0.266363 

0.299000 

0.267103 

0.439000 

0.381347 

0.484000 

0.487158 

0.481000 

0.512742 

0.470000 

0.468395 

SCATTER 
PER CENT EFF. 

SCATTER 
PER CENT VALt 

4.378623 

11.169956 

1.588589 

3.255305 

0.290215 

0.563524 

1.263445 

2.521848 

0.237554 

0.593885 

1.836320 

7.404519 

3.189665 

10.667778 

5.765301 

13.112806 

0.315880 

0.652646 

3.174210 

6.599189 

0.160455 

0.341395 

c 
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NOZZLE 
ÜtcSIGNATION 

PRESSURE 
RATIO 

O.N.R.   NOZZLE  RESEARCH PROGRAM 

VELOCITY 
RATIO 

EMPIRICAL 
DATA  POINT 

SMOOTHED 
DATA  POINT 

Zog 

SCATTER 
PER  CENT   EFF. 

SCATTER 
PER  CENT   VAL, 

PLUG   «B» 

20.000003 

0.129000 0.345000 

0.346063 

0.106358 

0.308285 

THE   NUMBER  OF   DATA  POINTS   IS     12 
THE   AVERAGE  ERROR   IN  PER  CENT   EFFICIENCY   IS     1.658 
THE   AVERAGE   ERROR   IN   PER  CENT  OF   EMPIRICAL  DATA  VALUE   IS     4.767 



Zoq 

O.N.R. NOZ/LE RESEARCH PROGRAM 

NOZZLE 
DESIGNATION 

PRESSURE 
RATIO 

VELOCITY 
RATIO 

EMPIRICAL 
DATA POINT 

SMOOTHED 
DATA POINT 

SCATTER 
PER CENT EFF. 

SCATTER 
PER CENT VALf 

PLUG »B« 

16.550003 

PLUG »e* 

16.730003 

PLUG »B» 

16.630001 

PLUG «B1 

17.270000 

PLUG »B» 

16.640003 

PLUG »B» 

17.520000 

PLUG »B» 

16.520000 

PLUG 'B' 

16.590000 

PLUG «B« 

16.640003 

PLUG •.B« 

16.540000 

PLUG 'B1 

16.570003 

0.130000 

0.201000 

0.270000 

0.330000 

0.400000 

0.466000 

0.401000 

0.334000 

0.267000 

0.202000 

0.132000 

0.327000 

0.356090 

0.472000 

0.476390 

0.422000 

0.500013 

0.39i000 

0.461756 

0.316000 

0.334575 

0.207000 

0.181676 

0.334000 

0.330013 

0.513000 

0.449208 

0.551000 

0.500800 

0.492000 

0.477036 

0.372000 

0.360874 

2.909088 

8.896295 

0.439053 

0.930198 

7.801348 

18.486606 

6.875635 

17.495258 

1.857513 

5.878207 

2.532193 

12.232816 

0.398695 

1.193699 

6.379097 

12.4348-10 

5.020010 

9.110727 

1.496321 

3.041303 

1.112526 

2.990663 

THE NUMBER OF DATA POINTS IS 
THE AVERAGE ERROR IN PER CENT 
THE AVERAGE ERROR IN PER CENT 

11 
EFFICIENCY IS  3.347 
OF EMPIRICAL DATA VALUE IS  8.426 



ZI ö 

O.N.R. NOZZLE RESEARCH PROGRAM 

NUZZLE 
DESIGNATION 

PRESSURE 
RATIO 

VELOCITY 
RATIO 

EMPIRICAL 
DATA POINT 

SMOOTHED 
DATA POINT 

SCATTER 
PER CENT EFF. 

SCATTER 
PER CE^i' VAL. 

PLUG 'B* 

14.920000 

PLUG »B« 

14.850000 

PLUG »B« 

15.070001 

PLUG »B« 

14.850000 

PLUG «B* 

14.910001 

PLUG •B« 

14.940000 

PLUG »B» 

14.800001 

PLUG «B» 

15.000001 

PLUG «B» 

14.960301 

PLUG •.B« 

14.880001 

PLUG «B» 

14.8^0000 

0.133000 

0.202000 

0.266000 

0.334000 

0.405000 

0.447000 

0.402000 

0.334000 

0.272000 

0.202000 

0.136000 

0.395000 

0.364166 

0.491000 

0.470864 

0.505000 

0.487346 

G.450000 

0.422555 

0.284000 

0.282861 

0.140000 

0.169100 

0.317000 

0.287229 

0.423000 

0.425294 

0.472000 

0.484484 

0.476000 

0.471034 

0.375000 

0.370845 

3.08340^ 

7.806080 

2.013522 

4.100860 

1.765382 

3.495606 

2.744418 

6.098707 

0.113880 

0.400988 

2.910027 

20.785907 

2.977103 

9.391492 

0.229418 

0.542360 

1.248479 

2.645082 

0.496524 

1.043119 

0.415414 

1.107772 

THE NUMBER OF DATA POINTS IS 
THE AVERAGE ERROR IN PER CENT 
THE AVERAGE ERROR IN PER CENT 

11 
EFFICIENCY IS  1.636 
OF EMPIRICAL DATA VALUE IS  5.219 



ZI I 

c 
NOZZLE 

DESIGNATION 

PRESSURE 
RATIO 

O.N.R. NOZZLE RESEARCH PROGRAM 

VELOCITY 
RATIO 

EMPIRICAL 
DATA POINT 

SMOOTHED 
DATA POINT 

SCATTER 
PER CENT EFF. 

SCATTER 
PER CENT VAL« 

.a 
i 

i 

PLUG •B» 

12.040000 

PLUG »B« 

11.970001 

PLUG »B» 

12.000001 

PLUG 'B* 

12.040000 

PLUG «B» 

12.040000 

PLUG •B» 

12.040000 

PLUG »B» 

12.070001 

PLUG «B« 

12.000001 

PLUG «B« 

12.020030 

0.139000 

0.208000 

0.278000 

0.345000 

0.399000 

0.347000 

0*278000 

0.210000 

0.140000 

0.361000 

0.362616 

0.444000 

0.443332 

0.4S9000 

0.427618 

0.336000 

0.330570 

0.184000 

0.199525 

0.334000 

0.326505 

0*429000 

0.429372 

0.424000 

0.444710 

0.356000 

0.364347 

0.161898 

0.448471 

0.066715 

0.150260 

3.138119 

6.836860 

0.542932 

1.615871 

1.552516 

8.437589 

0.749468 

2.243918 

0.037205 

0.086725 

2.071047 

4.884545 

0.834715 

2.344706 

THE NUMBER OF DATA POINTS IS 
THE AVERAGE ERROR IN PER CENT 
THE AVERAGE ERROR IN PER CENT 

EFFICIENCY IS  1.017 
OF EMPIRICAL DATA VALUE IS  3.005 

• 
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NOZZLE 
OSSIGNATION 

PRESSURE 
RATIO 

O.N.R. NOZZLE RESEARCH PROGRAM 

VELOCITY 
RATIO 

EMPIRICAL 
DATA  POINT 

SMOOTHED 
DATA POINT 

ZIZ 

SCATTER 
PER CENT EFF. 

SCATTER 
PER CENT VAL, 

€ 

PLUC «C* 

24.580001 

PLUG »C« 

24.910003 

PLUG «C» 

25.310001 

PLUG »C» 

24.700000 

PLUG «C« 

25.230003 

PLUG »C« 

25.620003 

PLUG »C« 

25.230003 

PLUG »C« 

24.800003 

PLUG »C« 

24.880001 

PLUG «.C« 

25.160003 

PLUG »C« 

2'j. 00000 3 

0.129000 

0.253000 

0.385000 

0.454000 

0.384000 

0. .253000 

0. .126000 

0. .126000 

0. .190000 

0. .254000 

0. .315000 

0.460000 

0.354100 

0.706000 

0.556408 

0.66500C 

0.490812 

0.423000 

0.338204 

0.599000 

0.490115 

0.654000 

0.581216 

0.386000 

0.359771 

0.339000 

0.350014 

0.462000 

0.492020 

0.524000 

0.562929 

0.494000 

0.555742 

10.589921 

23.021568 

14.959146 

21.188591 

17.418785 

26.193660 

8.479583 

20.046295 

10.888463 

13,177734 

7.278371 

11.129009 

2.622807 

6.794837 

1.101422 

3.249033 

3.002083 

6.498017 

3.892970 

7.429333 

6.174255 

12.498493 
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2/3 
O.N.R. NOZZLE RESEARCH PROGRAM 

| 

I 

i 

NOZZLE 
DESIGNATION 

PRESSURE 
RATIO 

PLUG »C» 

25.160003 

PLUG •€• 

25.590000 

PLUG »C» 

25.430000 

PLUG «C» 

25.290000 

PLUG •C« 

25.080001 

PLUG ^C« 

25.000003 

PLUG »C« 

25.26000? 

PLUG »C* 

25.110000 

veLOCITV 
ÄATIO 

0.361000 

0.446000 

0.446000 

0.383000 

0.320000 

0.257000 

0.192000 

0.129000 

EMPIRICAL 
OATA POINT 

SMOOTHED 
DATA POINT 

0.447000 

0.492713 

0.322000 

0.361806 

0.332000 

0.376960 

0.456000 

0.493291 

0.506000 

0.554891 

0.535000 

0.560242 

0-453000 

C.504220 

0.333000 

0.365248 

SCATTER 
PER CENT EFF. 

SCATTER 
PER CENT VAL, 

4.571336 

10.226703 

5.980683 

16.573551 

4.496091 

13.542444 

3.729129 

8.177915 

4.669133 

9.230579 

2.524257 

4.716237 

5.122066 

11.306989 

3.224855 

9.684253 

THE NUMBER OF DATA POINTS IS 
THE AVERAGE ERROR IN PER CENT 
THE AVERAGE ERROR IN PER CENT 

19 
EFFICIENCY IS  6.355 
OF   EMPIRICAL  DATA  VALUE   IS   12.720 



c 
NOZZLE 

DESIGNATION 

PRESSURE 
RATIO 

O.N.R. NOZZLE RESEARCH PROGRAM 

VELOCITY 
RATIO 

EMPIRICAL 
DATA POINT 

SHOOTHEU 
DATA POINT 

SCATTER 
PER CENT EFF. 

SCATTER 
PER CENT VAL* 

Z14 

I 

PLUG •(• 

19.930000 

PLUG »C 

19.970001 

PLUG »C» 

20.000003 

PLUG »C» 

20.150001 

PI «G »C* 

19.730003 

PLUG «C» 

20.150001 

PLUG »C» 

19.970001 

PLUG »C 

20.150001 

PLUG «C9 

20.060001 

PLUG »C 

20.000003 

PLUG »C» 

20.060001 

0.130000 

0.198000 

0.263000 

0.326000 

0.395000 

0.454000 

0.394000 

0.329000 

0.262000 

0.196000 

0.132000 

0.346000 

0.348126 

0.456000 

0.475542 

0,485000 

0.517626 

0.463000 

0.491587 

0.383000 

0.390696 

0.248000 

0.26i561 

0.384000 

0.394873 

0.436000 

0.488001 

0.531000 

0.517527 

0.478000 

0.472904 

0.357000 

0.351999 

0.212663 

0.614634 

1.954239 

4.285614 

3.262669 

6.727152 

2.858704 

6.174307 

0.769657 

2.009548 

1.356163 

5.468401 

1.087337 

2.831609 

5.280167 

12.110475 

1.347244 

2,537182 

0.309590 

1.066087 

0.500071 

1.400759 

THE NUMBER OF DATA POINTS IS 
THE AVcRAGE ERROR IN PER CENV 
THE AVERAGE ERROR IN PER CENT 

11 
EFFICIENCY   IS     JL.739 
OF   EMPIRICAL   DATA   VALUE   IS     4.ill 



NOZZLE 
DESIGNATION 

PRESSURE 
RATIO 

O.N.R. NOZZLE RESEARCH PROGRAK 

VELOCITY 
RATIO 

EMPIRICAL 
DATA POINT 

SMOOTHED 
DATA POINT 

ZIS 

SCATTER 
PER CENT EFF. 

SCATTER 
PER CENT VALt 

c 

PLUG «C* 

16.910003 

PLUG »C« 

16.910003 

PLUG «C» 

17.000003 

PLUG •C» 

17.000003 

PLUG •C« 

17.130001 

PLUG «C» 

16.88000! 

PLUG «C« 

16.840000 

PLUG «C« 

17.210002 

PLUG «C» 

W.370002 

PLUG »C 

17.160003 

PLUG «C« 

17.170002 

0.133000 

0.265000 

0.404000 

0.438000 

0.405000 

0.200000 

0.271000 

0.198000 

0.131000 

0.266000 

0.331000 

0.466000 

0.388034 

0.739000 

0.515385 

0.369000 

0.336425 

0«338000 

0.251430 

0.382000 

0.336486 

0.654000 

0.493112 

0.642000 

0.513445 

0.470000 

0.490039 

0.357000 

0.378663 

0.485000 

0.516026 

0.450000 

0.468300 

7.796574 

16.730846 

22.361507 

30.259143 

3.257489 

8.827886 

8.656908 

25.612152 

4.551387 

11.91462? 

16.088707 

24.600467 

12.855411 

20.024005 

2.003950 

4.263723 

2.166325 

6.068137 

3*102642 

6.397201 

1.830017 

4.066706 
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O.N.R. N072J.E REStARCH PROGRAM 

fj 

NOZZLE 
DESIGNATION 

PRESSURE 
RATIO 

PLUG *Q* 

17.230003 

PLUG »C 

17.170002 

PLUG •C 

17.200000 

PLUG «C« 

17.160003 

PLUG »C« 

17.260002 

PLUG »C 

17.410003 

PLUG »C 

17.240001 

ViLQCITV 
RATIO 

0.396000 

0.453000 

0.399000 

0.332000 

0.265000 

0.197000 

0.134000 

EMPIRICAL 
DATA POINT 

SMOOTHED 
DATA POINT 

0.334000 

0.353820 

Q.211000 

0.213344 

0.352000 

0.351132 

0.446000 

0.466952 

0.477000 

0.516510 

0.477000 

0.488171 

0.351000 

0.386886 

SCATTER 
PER  CENT   F.FF. 

SCATTEK 
PER CENT VAL, 

1.982045 

5.934268 

0.234463 

1.111202 

0*086802 

0.246597 

2.095282 

4.697942 

3.951013 

8.283046 

1.117140 

2.342012 

3.588658 

10.224100 

THE NUMBER OF DATA POINTS IS 
THE AVERAGE ERROR IN PER CENT 
THE AVERAGE ERROR IN PER CENT 

18 
EFFICIENCy   IS     5.429 
OF   EMPIRICAL   DATA   VALUE   IS   10.644 

I 
5 
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0,N.R. N07ZLE RESEARCH PROGRAM 

* 

c 
NOZZLE 

DESIGNATION 

PRESSURE 
RATIO 

PLUG »C» 

15.000001 

PLUG ».€• 

14.790000 

PLUG »C« 

15.000001 

PLUG »C* 

14.900001 

PLUG •C« 

14.900001 

PLUG •€• 

14.900001 

PLUG »C« 

14.920000 

PLUG «C» 

14.920000 

PLUG «C" 

15.060001 

PLUG •€» 

15.050001 

PLUG »C* 

14.780000 

VELCUrY 
7.ATIO 

0.133000 

0.204000 

0.272000 

0.3410C0 

0.403000 

0.428000 

0.404000 

0.341000 

0.271000 

0.201000 

0.135000 

EWPIRJCAL 
DATA POINT 

SMOOTHED 
DATA POINT 

0.361000 

0.401829 

0.426000 

0.493552 

0.470000 

0.496550 

0.400000 

0.417433 

0.246000 

0.287339 

0.185000 

0.220249 

0.264000 

0.285s *8 

0.408000 

0.417905 

0.478000 

0.497926 

0.440000 

0.493073 

0.372000 

0.406413 

SCATTER 
PER CENT EFF. 

SCATTER 
PER CENT VALt 

4.082983 

11.310205 

6.755239 

15.857368 

2.655023 

5.648985 

1.743388 

4.358470 

4.133994 

16.804851 

3.524923 

19.053646 

2.144837 

8.124385 

0.990551 

2.427823 

1.992607 

4.168634 

5.307341 

12.062139 

3.441351 

9.250946 

c 
THE NUMBER OF DATA POINTS IS 
THE AVERAGE ERROR IN PER CENT 
THE AVERAGE ERROR IN PER CENT 

11 
EFFICIENCY   IS     3.342 
OF   EMPIRICAL   DATA   VALUE   IS     9.915 



NOZZLE 
DESIGNATION 

PRESSURE 
RATIO 

O.N.R. NOZZLE RESEARCH PROGRAM 

VELOCITY 
RATIO 

EMPIRICAL 
CATA POINT 

SMOOTHED 
DATA POINT 

SCATTER 
PER CENT EFF. 

SCATTER 
PER CENT VALt 

ZU 

PLUG «C« 

11.960001 

PLUG «C» 

11.800001 

PLUG •C 

11.830001 

PLUG »C« 

11.840000 

PLUG »C» 

11.890001 

PLUG «C« 

11.860000 

PLUG »C« 

11.810001 

PLUG »C» 

11.850000 

PLUG »C* 

11.840000 

PLUG »C« 

11.820001 

PLUG «C» 

11.820001 

0.137000 

0.366000 

0.344000 

0.284000 

0.141000 

0.135000 

0.208000 

0.2ai000 

0.346000 

0.384000 

0.350000 

0.467000 

0.389645 

0.235000 

0.243937 

0.387000 

0.296653 

0.393000 

0.398975 

0.478000 

0.394098 

0.349000 

0.384748 

0.448000 

0.441533 

0.376000 

0.402996 

0.298000 

0.292848 

0.204000 

0.198221 

0.282000 

0.282896 

7.735431 

16.564094 

0.893777 

3.803309 

9.034675 

23.345413 

0.597596 

1.520601 

8.390171 

17.552658 

3.574800 

10.242982 

0.641673 

1.432307 

2.699619 

7.179839 

0.515157 

1.728714 

0.577893 

2.832813 

0.089669 

0.317976 



ZU 

i 
C 

NOZZLC 
DESIGNATION 

PRESSURE 
RATIO 

O.N.R. NOZZLE RESEARCH PROGRAM 

VELOCITY 
RATIO 

EMPIRICAL 
DATA POINT 

SMOOTHED 
DATA POINT 

SCATTER 
PER CENT EFF. 

SCATTER 
PER CENT VAL* 

PLUG «C» 

IUf-20001 

PLUG •C1 

11.810001 

PLUG »X» 

11.840000 

0.280000 

0.208000 

0.141000 

0.369000 

0.402867 

0.433000 

0.441583 

0.332000 

0.393095 

3.386760 

9.178213 

0.858324 

1.982274 

6.109506 

18.402130 

i 

THE NUMBER OF DATA POINTS IS  14 
THE AVERAGE ERROR IN PER CENT EFFICIENCY IS  3.221 
THE AVERAGE ERROR IN PER CENT OF EMPIRICAL DATA VALUE IS  8.291 

■ 

1 
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c 
NOZZLE 

DESIGNATION 

PRESSURE 
RATIO 

O.N.R. NOZZLE RESEARCH PROGRAM 

VELOCIiy 
RATIO 

EMPIRICAL 
DATA POINT 

SMOOTHED 
DATA POINT 

SCATTER 
PER CENT EFF. 

SCATTER 
PER CENT VAL, 

i 

ARGON 2*511 

34.570007 

ARGON 2.511 

34.470001 

ARGON 2.511 

34.470001 

ARGON 2.511 

34.360000 

ARGON 2.511 

34.290001 

ARGON 2.511 

34.290001 

ARGON 2.511 

34.290001 

ARGON 2.511 

34.470001 

ARGON 2.511 

34.030006 

ARGON 2.511 

34.470001 

ARGON 2.511 

33.850006 

0.107000 

0.175000 

0.241000 

0.308000 

0.376000 

0.450000 

0.451000 

0.379000 

0.320000 

0.248000 

0.184000 

0.297000 

0.313071 

0.443000 

0.457282 

0.531000 

0.561090 

0.602000 

0.619594 

0.560000 

0.619604 

0.537000 

0.538460 

0.503000 

0.536723 

0.581000 

0.617*18 

0.698000 

0.625051 

0.542000 

0.569575 

0.447000 

0.473659 

1.607114 

5.411159 

1.428288 

3.22412V 

3.009033 

5.666730 

1.759469 

2.922707 

5.960489 

10.643732 

0.146019 

0.:<71917 

3.3T2335 

6.7044<>5 

3.641820 

6.268193 

7.294810 

10.451017 

2.757549 

5.087730 

2.665943 

5.964078 

ah- m 
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€ 
NOZZLE 

DESIGNATION 

PRESSURE 
RATIO 

O.N.R. NOZZLE RESEARCH PROGRAM 

VELOCITY 
RATIO 

EMPIRICAL 
DATA POINT 

SMOOTHED 
DATA POINT 

SCATTER 
PER CENT EFF. 

SCATTER 
PER CENT VAL. 

ARGON 2.511 

3<r.A700Dl 

0.119000 0.323000 

0.340616 

1.761663 

5.454066 

THE NUMBER OF DATA POINTS IS  12 
THE AVERAGE ERROR IN PER CENT EFFICIENCY IS  2.950 
THE AVERAGE ERROR IN PER CENT OF EMPIRICAL DATA VALUE IS  5.672 

.(- 
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9 

NOZZLE 
DESIGN*!ION 

PRESSURE 
RATIO 

C.N.R. NOZZLE RESEARCH PROGRAM 

VELOCITY 
RATIO 

EMPIRICAL 
DATA POINT 

SMOOTHED 
DATA POINT 

211 

SCATTER 
PER  CENT   EFF. 

SCATTER 
PER  CENT   VALt 

i 

S 

| 

i 

ARGON 2.511 

30.090000 

ARGON 2.511 

27.510002 

ARGON 2.511 

26.800003 

ARGON 2.511 

28.470001 

ARGON 2.511 

27.260002 

ARGON 2.511 

28.050003 

ARGON 2.511 

26.910003 

ARGON 2.511 

26.610000 

ARGON 2.511 

27.310001 

ARGON 2.511 

28.080001 

ARGON 2.511 

27.690002 

0.118000 

0.187000 

0.258000 

0.330000 

0.394000 

0.462000 

0.461000 

0.396000 

0.329000 

0.250000 

0.189000 

0.318000 

0.327152 

0.503000 

0.468699 

0.484000 

0.573231 

0.612000 

0.625052 

0.612000 

0.601225 

0.501000 

0.509674 

0.492000 

0.505067 

0.644000 

0.604921 

0.635000 

0.621367 

0.529000 

0.567102 

0.483000 

0.472778 

0.915259 

2.878173 

3.430015 

6.819116 

8.923114 

18.436187 

1.305246 

2.132755 

i.077425 

1.760499 

0.867414 

1.731366 

1.308751 

2.660063 

3.907847 

6.068087 

1.363229 

2.146818 

3.810275 

7.202789 

1.022172 

2.116298 

\ • 
,-■. ■ € 



O.N.R. NOZZLE RESEARCH PROGRAM 

c 'J 

NOZZLE 
DESIGNATION 

PRESSURE 
RATIO 

VEIHCITY 
RATIO 

EMPIRICAL 
DATA POINT 

SMOOTHED 
DATA POINT 

SCATTER 
PER CENT EFF. 

SCATTER 
PER CENT VALt 

ARGON 2.511 

27.690002 

0.120000 0.329000 

0.325722 

0.327789 

0.996321 

THE NUMBER OF DATA POINTS IS  12 
'HE AVERAGE ERROR IN PER CENT EFFICIENCY IS  2.354 
THc AVERAGE ERROR IN PER CENT OF EMPIRICAL DATA VALUE IS  4.579 

;. 

t 



zzj 

I 
O.NeR. NOZZLE RESEARCH PROGRAM 

^ 

^ 

f:: 

m 

'■■ 

c 
NOZZLE 

DESIGNATION 

PRESSURE 
RATIO 

ARGON 2.511 

24.570003 

ARGON 2*511 

24.570003 

ARGON 2.511 

24.620002 

ARGON 2.511 

24.570003 

ARGON 2.511 

24.450000 

ARGUN 2.511 

24.880001 

ARGON 2«511 

24.570003 

ARGON 2.511 

2*.5^0003 

ARGON 2.511 

24.570003 

ARGON 2.511 

VELOCITY 
RATIO 

24.570003 

ARGON 2.511 

24.450000 

0.120000 

0.189000 

0.262000 

0.330000 

0.396000 

0.466000 

0.495000 

0.467000 

0.397000 

0.327000 

0.261000 

EMPIRICAL 
DATA POINT 

SMOOTHED 
DATA POINT 

0.328000 

0.320897 

0.511000 

0.467018 

0.515000 

0.571800 

0.549000 

0.611160 

0.561000 

0.584531 

0.443000 

0.479805 

0.389000 

0.405426 

0.521000 

0.475039 

0.608000 

0.584320 

0.615000 

0.610755 

0.603000 

0.570340 

SCATTER 
PER  CENT   EFF. 

SCATTER 
PER  CENT   VAL* 

0.710207 

2.165266 

4.398156 

8.606960 

5.680085 

A I.029291 

6.216026 

11.322452 

2.353096 

A.19*467 

3.680545 

8.309*29 

1.642686 

4.222844 

4.596043 

8.821580 

2.367985 

3.894713 

0.424456 

0*690173 

3.265953 

5.416175 



zz. 

N02ZLR 
DESIGNATION 

PRESSURE 
RATIO 

ARGON 2.S11 

24.370002 

ARGON 2.511 

24.450000 

Ü.N.R. NOZZLE RESEARCH PROGRAM 

VELOCITY 
RATIO 

0.191000 

0*121000 

EMPIRICAL 
DATA POINT 

SMOOTHED 
DATA POINT 

0.410000 

0.470361 

0.260000 

0.323217 

SCATTER 
PER CENT EFF. 

SCATTER 
PER CENT VAL, 

6.036174 

14.722377 

6.321710 

24.314270 

THE NUMBER OF DATA POINTS IS  13 
THE AVERAGE ERROR IN PER CENT EFFICIENCY IS  3.668 
THE AVERAGE ERROR IN PER CENT OF EMPIRICAL DATA VALUE IS  8.285 

( 
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O.N.R. NOZZLE RESEARCH PROGRAM 

NOZcLE 
DESIGNATION 

PRESSURE 
RATIO 

VELOCITY 
RATIO 

EMPIRICAL 
DATA POINT 

SMOOTHED 
DATA POINT 

SCATTER 
PER CENT EFF. 

SCATTFR 
PER CENT VAL, 

¥ 

I 

I 

ARGON 2.511 

21.120002 

ARGON 2.511 

21.160000 

ARGON 2.511 

20.670002 

ARGON 2.511 

21.320003 

ARGON 2.511 

21.360000 

ARGCN 2.Sil 

21.133001 

ARGON 2.51! 

21.360000 

ARGON 2.511 

21.360000 

ARGON 2.511 

21.360000 

ARGCN 2.51. 

21.410003 

ARGON 2.511 

21.A30000 

0,116000 

0.162000 

0.254000 

0.324000 

0.386000 

0.464000 

0.467000 

0.460000 

0.390000 

0.326000 

0.256000 

0.312000 

0.314*45 

0.460000 

0.453296 

0.579000 

Ö.556431 

0.57000C 

0.597495 

0,55«; 000 

0.572485 

0.466000 

0.449677 

0.351000 

0.394169 

0.477000 

0.461157 

0o550000 

0.570634 

0.623000 

0.597998 

0.605000 

0.559094 

0.244516 

0.783705 

0.670397 

1.457385 

2.256894 

3.897917 

2.749586 

4.623836 

1.348554 

2.336741 

1.812249 

3.872326 

4.318983 

12.304794 

1.584267 

3*321316 

2.063429 

3.751690 

2.S00186 

4.013144 

4.590523 

7.587642 

c 
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I 

Q*N.S.   NOZZLE   RESEARCH  Prt'JGRAM 

fe 

€ 
NOZZLE 

DESIGNATION 

PRESSURE 
RATIO 

ARGON 2.511 

21.410003 

ARGON 2,511 

21.430000 

VELOCITY 
RATIO 

0.18^000 

0.118000 

EMPIRICAL 
DATA POINT 

SMOOTHgO 
DATA POINT 

0.458000 

0,460285 

O.33t6O00 

0.318414 

SCATTER 
PER CENT EFF. 

SCATTER 
PER LENT VAL, 

0.228595 

0.499117 

1.958525 

5.794453 

THE NUM8ER OF DATA POINTS IS  13 
THE AVERAGE ERROR IN PER CENT EFFICIENCY IS  2.063 
THE AVERAGE ERROR !N PER CENT OF EMPIRICAL DATA VALUE IS  4.264 

f 

:; 

i 



O.N.R. NOZZLE RESgARCH PROGRAM 

I 

I 

; 

( 

NOZZLE 
DESIGNATION 

PRESSURk 
RATIO 

ARGON 2.511 

17.120002 

ARGON 2*511 

17.120002 

ARGON 2.511 

17.150001 

ARGON 2.511 

17.200000 

ARGON 2.511 

16.960002 

ARGON 2.5U 

17.000003 

ARGON 2.511 

16.710002 

ARGON 2.511 

16.750003 

ARGON 2.511 

16.710002 

ARGON 2.511 

16.890003 

ARGON 2i511 

17.000003 

VELOCITY 
RATIO 

!>. 123000 

0.192000 

Q.264000 

0.331000 

0.404000 

0.476000 

0.504000 

0.478000 

0.400000 

0.330000 

0.262000 

EMPIRICAL 
DATA POINT 

SMOOTHED 
DATA POINT 

0.337000 

0.351181 

0.467000 

0.482243 

0.527000 

0.56634L 

0.569000 

0.585234 

0.461000 

0.526355 

0.405000 

0.376259 

0.295000 

0.286378 

0.339000 

0.367929 

0.562000 

0.530470 

0.647000 

0.584910 

0.551000 

0.565131 

SCATTER 
PER CENT EFF. 

SCATTER 
PER CENT VALt 

1.418161 

4.208194 

1.524383 

3.264203 

3.934562 

7,465963 

1.623404 

2.853083 

6.535507 

14.176805 

2.874029 

7.096367 

0.862121 

2.922446 

2.892905 

8.533645 

3.152978 

5.610282 

6.208992 

9.596588 

1.413095 

2.564600 

1 



22? 

%er 

NOZZLE 
DESIGNATION 

PRESSURE 
RATIO 

O.N.R. NOZZLE RESEARCH PROGRAM 

VELOCITY 
RATIO 

EMPIRICAL 
DATA POINT 

SMOOTHED 
DATA POINT 

SCATTER 
PER CENT EFF. 
—«—•—^•—• 

SCATTER 
PER CENT VAI., 

ARGON 2.511 

16.730003 

ARGON 2*511 

16,890003 

0.194000 

0.121000 

0.510000 

0.467436 

0.343000 

0.348657 

2.256346 

4.424207 

0.565761 

1.649450 

THE NUMBER OF DATA POINTS IS  13 
THE AVERAGE ERROR IN PER CENT EFFICIENCY IS  2.712 
THE AVERAGE ERROR IN PER CENT OF EMPIRICAL DATA VALUE IS  5.720 

c 



NOZZLfc 
DESIGNATION 

PRESSURE 
RATIO 

O.N.R. NOZZLE RESEARCH PROGRAM 

VELOCITY 
RATIO 

EMPIRICAL 
DATA POINT 

SMOOTHED 
DATA POINT 

SCATTER 
PER CENT EFF. 

SCATTER 
PER CENT VAL, 

Tld 

I 

FREON  2.511 

13.100000 

FREON 2.511 

13.000001 

FREON 2.5il 

12.890001 

FREON 2.511 

12.890001 

FREON 2.511 

1?.950000 

FREON 2.511 

13.000001 

FREON 2.511 

13.050001 

FREON 2.511 

13.200000 

FREON 2.511 

13.200000 

FKEON 2.5VI 

13.i»0Üü01 

FKEON 2.51J 

13.62ÜÜ0Ü 

0.128000 

0.193000 

U. 304000 

0.344000 

0.408500 

0.485000 

0.478000 

0.405000 

0.312000 

0.192000 

0.126000 

0.357000 

0.370836 

0  92000 

0.501300 

0.579000 

0.565627 

0.561000 

0.571052 

0.480000 

0.494977 

0.298000 

0.317392 

0.359000 

0.337689 

0.518000 

0.500806 

0.596000 

0.584668 

0.512000 

0.499734 

0.378000 

0.365911 

1.363626 

3.875704 

0.930023 

1.890291 

0.ö62?44 

1.144635 

1.005266 

1.791921 

1.497721 

3.120254 

1.939237 

6.507506 

2.131051 

5.936075 

1.719379 

3.319266 

1.133156 

1.901268 

1.226508 

2.395524 

1.206842 

3.197994 
*; 

THE NUMBER OF DATA POINTS IS 
THE AVERAGE ERROR IN PER CENT 
THE AVERAGE ERROR IN PER CENT 

11 
EFFICIENCY IS  1.348 
OF EMPIRICAL DATA VALUE IS  3.189 

• 
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APPENDIX C 

TURBINE TEST SCHEMATIC DIAGRAM 

Form G7626 
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APPENDIX D 

SAMPLE DATA SHEET 

■ ■ 

I 

Form G7625 
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Table V 

Sample Data Sheet 
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474V HARRISON AVENUE • ROCKrORD. ILLINOIS 61101 • (81S) 308 S30C • TWX 910-631-4255 • TELEX 257-440 

on 
FK July lit, 1971 
W\ L7-ONR-190 

KJJ ONR ^JAL TECHNICAL 
O's Chief of Naval Research HA"NONA 

^ 

Department of the Havy cp T^M 
Washinrton, D.C. 20360 St" Washington, D.C. 20360 

Attention: Mr. J. R. Pavton, . r.. Code 1»73 

Subject:   Contract No. 000lU-68-C-0l;06 
"Final Technical Report on an Analytical 
and Experimental Research Pro^ra-n to Optimize 
Turhine Nozzle for Off Design Perfornance of 
Partial Admission Turbines" 

Reference: Sundstrend Letter L6-ONR-l8!i, dated 6/2U/71 
Ssae Subject 

Gentlemen: 

Pleese find enclosed twe-^H sets-of illustrations, photos, etc. 
tolreplace the Xerox copies as transmitted with the original 
reports per the reference letter. ~"* 

Very truly yours, 

SUNDSTRAND AVIATION 
Division of Sundstrand Corporation 

t J. G. Buell 
Contract Program Manager 

JOB:dir 

Enclosure 

Reproduced by 
NATIONAL TECHNICAL 
INFORMATJON SERVICE 

Sprinsf'-.,ld, Va.    22151 

CONSTANl  SPtTD nRIVES .  SYSTEMS ror^ SECONnARY POWER, SECONDARY FLIGHT COMFROL ACTUATIOrj, TORPEDO 
PROPULSION: VEHICLE 1 RANSiVISSIOMS. MISSILE POWER UNITS 
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i  —, PI PURE 1 TURBINE TEST 
CHAMFER AND APPARATUS, 

^ 
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FIGURE 2  INSIDE OF TEST 
CHAMBER WITH RIG INSTALLED 
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