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1 Introduction 

In accordance with recent measures to make supersonic nozzle ordi- 
nates more widely available the ordinates for each of the 801~3 aozzle 
'lirers used in the supersonic working section of the 3 ft x 3 ft vend 
tunnel are given here in tabulated form. For the sake of completeness 
det,aj.ls of the subsonio contraction have been included. The supersoni.c 
&oh number range of the tunnel is from 1.3 to 2.0 end interchangeable 
wooden nozzle blocks are used to vary Min finite steps. 

2 General Description 

P. vertical section through the contraction and the working section 
is shown in Pig. 1. Only the top linesof the nozzle is changeable. 

The cross section of the contraction"is rectangular with 45' corner 
fillets and is synmetrical about horizontal ad vertical ccntrc planes. 
Al.1 four sdes are curved. The variation of half-height "Y", half-width 
"Z" and the fillet half-hei&t are given in Table I. The side walls are 
parallel to the tunnel axis at the beginning and end of the contraction 
section and remain parallel, spaced j6 inches apart, downstreain of the 
contraotlon. The last four inches of the top and bottom wells are straight 
ad continuous wzth the bridge piece, whloh is also straight. 

The bridge piece, in turn, is continuous with the nozzle, although 
there is a slidrt, change in slope at the beginning of the nozzle ilue to 
the 0.004 inch per inch boundary layer correction which is applied down- 
stream of tIS,s point. The siC!e walls are parallel, the boundary layer 
correction being a&plied to the upper and Lower walls of the section only. 
The ordinates of the supersonic nozzle s and of the bottom liner (which is 
identical with the subsonic liner) are given in Table II. The axis for 
"y" is the false axis shown in h&l, 32 inches awsy from the centre line 
of the working section. 

3 Method of Design of the Nozzles 

The nozzles for hl = 1.4t 1.6, 1.8 and 2.0 were designed by 
J.Y.G. Evens ardD.3. Lindop who intend to prepare a report on the methoa 
of design us&together with other methods they have used, more recently, 
for 8 ft x 8 ft and 4 ft x 3 ft tunnels at R.A.E., Beaord. Briefly, the 
method used was as follows:- 

4 perturbationmethoil, similar to Sauer's but rettining more terms 
in the equations of motion, was used to celoulate a flow in the throat 
which gave constant velocity gradient along the flat bottom liner. This 
solution was taken 85 far as a characteristic running down from the throat 
to a point on the bottom liner at which the Mach nnmber had reached a 
convenient value. Rxnstream of this point the Mach number distribution 
along the bottcm liner was taken to be of the form 

M = A% + aX+bX2 + d-' +&X? 

where n and b were chosen to ensure continuity of the first and second 
derivatives at the upstream end (X = 0) and c and d were ohosen to 
ensure zero first and second derivatives at the point (X = I) where the 
design Mach numbc;r was reached, The value of n was determined in the 
following way. For eaoh of the nozzles, the sonic point on the flat bottom 
liner was fixed in the some place (112 inches upstream of the centre of 
the window; X = 61 in Table II) and the design &ch number was required to 

*The contr‘action was designed by R. Harrop2. 
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be reached at the same point on tie bottm liner (56 inokes upstream of 
the cenixe of the minaow; Z = 117 in Table II). For the M = 2.0 nozsslc the 
radius of curvature at the throat was taken to be 5 tims the throat height. 
To satisfy t:lese contitions n was reckred to be 7.673. in the Pine3 
design work the top liner shepe at the throat was ayproximatedby a partiola 
with racEus of cxrvature equal to that of the cslcxlated streamlizz. 

Tha mzele shapes for M = 1.3, 1.5, 1.7 an4 I.9 were obtaimd Prom the 
others by BOW" NoEiLlen, using the folimingmethod. inteqolated vsiues of 
the co-ordi'la:es, slopes and curvatures, at the throat, the poinL of in- 
flexion, and the end of the liner were obtai.ned. The final ordinates were 
then d.+termined 3y build%ng up between thes e three points using interpoiatad 
vsJ.ues for ths seco~fi differences of the ordinates s&l a nmericel snoothilg 
process. 

4 COIl&lditllF~~~~~ -_-- 7 _-- 

At the time of rrriti;lg this note the nozzles for M = 1.3, 1.4, 1.5, 
1.6, 1.8 and 2,O are in use ard the remainder sze bein~sanufactured. Flovi 
oslibrationz at some of thess Mach ntiers are reported in zeferewe I; to 
facilitate ooqarison the position o- p the centre of the win&v is quoted in 
Pig. 1. 
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Contraction Ordinates 

I 
: 
5 
: 
2 
: 
2 
: 
2 
2 
!i 
2 
s 
2 
i 
i 
: 
: 
3 
3 

: 
- 

X 

- 

( 
12 

z 

fz 

;; 
96 

IOE 
IZC 
I32 

i$ 
168 
180 
192 
!04 
!I 6 
9.8 
so 
~52 
!56 
$0 
561, 
!6a 
!72 
!76 
!60 
!84 
ia8 
!92 
!96 
ioo 
io4 
ioa 
i12 
'1 6 
,20 
- 

Contraction ML1 

Half Height Half Width 
uyrt II p, 

115.50 
115.00 
114.50 
114.00 
113.50 
112.75 
112.00 
111.25 
110,28 
109.25 
108.12 
106.94 
105.50 
104.00 
102.25 
100.25 

97.75 
94.75 
91.25 
87.00 
82.00 
75.84 
73.53 

~~~5"~ 
65194 
63.22 
60.44 
57.59 

~?s'~ 
1$:91 

t?: 
40:50 
37.94 
35.56 
33.34 
31.192 

.', 

111.00 
110.75 
110.25 
109.75 
109.25 
108.62 
107.80 
107.09 
106.00 
105.00 
104.00 
102.75 
101.25 

99.50 
97.50 
95.00 
91.75 
87.25 
81.25 

g:; 
52:44 
48.91 
45.47 
42.22 

:z'$ 
33:75 
31.25 
28.91 
26.78 
2LYl 
23.22 
21.72 
20.44 
19.33 
18.59 
10.16 
18.00 

Fillet 
FKLf 

ki&t 

115.50 
111.25 
107.00 
103.50 
100.50 
97.50 
95.50 
93.50 
92.50 
91.50 
90.25 
89.00 
67.75 
86.25 
k75 
83.25 
81.50 
79.50 

;p:z 

$2 
65170 
64.22 
62.53 
60.72 

;:*:," r 

54162 
52.41 
50.16 
47.88 
45.56 
43.22 

*I i 

All ordinates are in inches 
.>I, 
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TABLE II 

Nozele Ordinates 

- 

X 

- 
0 
1 

: 
4 
5 
6 
7 
0 
9 

10 
11 

:: 
14 

:z 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
26 
29 
30 
31 
32 
33 
34 
35 

;; 

$ 
40 

: 

E 

2 

:i 
49 

i?T 
52 

; 
55 

z 

E 
61 
62 

7.793 
8.333 
8.873 
9,413 
9.948 

lo.476 

IO.985 
Il.459 
11.818 
12.242 
12,560 
12.839 
13.085 

:3;-2 
lib61 
13.819 
13.954 
14.073 
14.177 
14.2G7 
14.345 
14.412 
14.468 

;g 

14:577 
14.595 
14.605 
14.609 

1w 
14.604 
14.600 
14.596 
14.592 
14.588 
14.584 
14.583 
14.576 
14.572 
14.568 

IE2 
IL555 
14.552 
14.548 
r4.544 
14.540 
14.536 
IL.532 
14.~8 

tE2 
14.516 
lb.512 
14.m 
14.504 
14.530 
14.496 

lK$ 
14:484 

N= 1.3 

7.793 
8.326 
8.859 

-m 
9.923 

lO.lso 
10.970 
11.470 
11.971 
12.w 
12.893 
13.3% 
13.670 
14.002 
1 h.257 
14.554 
14.773 
14.9!3 
15.093 
15.205 
15.301 
15.388 
15.467 
15.540 
15.607 
15.67-3 
15.730 
55.788 
15.844 
15.893 
15.p52 
16.003 
16.052 
16.0% 
16.141 
lb.lQ 
ib.z?8 
16.267 
16.3C~5 
16.341 
lb.375 
lb.@7 
16.437 
16.46 
lb.491 
16.515 
1b.m 
lb.557 
16.576 
lG.593 
16,608 
16.621 
lb.632 
16,641 
16.648 
lb.653 
16.656 
lG.b57 
16.656 
lb.653 
16.647 
16.63Y 
lb.629 

Ii- 1.4 

7.793 
6.326 
8.e59 
9.392 

.9&l% 
10.456 

10.979 
il.488 
11.~76 
12.438 
12.871 

;:.z$ 
13:P93 
14.309 
14.5P7 
14.858 
~5.092 

E-g . 
15.650 
15.799 
15.935 
16.~62 
16.182 
16.2~7 
16.4l8 
lb.515 
16.61~ 
16.719 
16.816 
16,910 
17.m 
17.086 
17.169 
17.248 
17.324 
17.396 
17.465 
17.530 
17.592 
17.650 
17.705 
17.756 
17.eo4 
17.84R 
17.889 
17.926 
17.960 
17.9% 
18.017 
18.041 
18,061 
l8.OTI 
18.073 
18.099 
16.105 
IS.107 
18.106 
18.101 
18.093. 
18.081 
18.066 

na1.5 

7.793 
a.3226 
be59 
9.392 
j&g 

10.455 
lO.P78 
11.4FJ 
11.9Q 
12.467 
12.927 
13.364 
13.777 
14.w 
14.533 
1075 
15.171 
15.484 
15.750 
15.552 
16.210 
16.108 
iG.591 
16.768 
lb.940 
17.107 
17.219 
17.425 
17.576 
17.w 
17.863 

1;~:; 
l&56 
18.x7 
18.493 
18.604 
18.710 
18.810 
18.905 
18.955 
19.oEo 
19.1@ 
19.235 
19.305 
19.370 
19.433 
19.485 
19.534 

1z 
19:651 
19.680 
19.704 
19.723 
19.737 

2% 
:";g 

. 
19.732 
19.715 
lP.by2 

N= 1.t 

7.793 
8.32G 
8.859 
9.392 
9.925 

lc&& 
10.989 
11.514 
12.030 
12.533 
lh020 
1X&37 

Ii% . 

$2 . 
15.510 
15.853 
16.175 
16.477 
16.761 
17,028 
17.280 
17.m 
17.750 
17,973 
18.189 
18.398 
le.601 
18.797 
18.9a6 
19.168 
19.347 
19.512 
19.674 
19.829 

Ki - . 
a.253 
zo.381 
lO.502 
~~616 
P.724 
20,825 
2X919 
?l.cob 
21.006 
?I.159 
21.226 
21.286 
z1.339 
Zl.385 
21.424 
21.457 
n.403 
?l.K)2 
21.514 
21.519 
21.518 
?1.510 
21.495 
a.472 
21.44l 

;- 

tl= 1.7 M= 1.E 

7.793 
8.326 
be59 
9.3p2 
9.925 

10.458 
iO.931 
ll.&!i 
12.055 
12.582 
13.102 
13.613 
14.113 
14.5% 
15.065 
15.514 
15.90 
lb.351 
16.739 
17.109 
17.461 
17.795 
18.112 
18.414 
18.702 
lb979 
19.247 
19.507 
19.753 
20,coi 
2Q.235 
P.461 
2~0.678 
20.881 
21,008 
21.280 
21.464 
2l.Gl~ 
21.807 
21,966 
22.116 
22.258 
22.391 
22.516 
22,632 
P.740 
zela 
22 931 
23,014 
23.C88 
23.1% 
23.211 
23.260 
23.x0 
23.332 
23.355 
23.370 
25.376 
23.374 
23.364 
23.344 
23.314 
23.273 

7.793 
8.326 
8.859 
9.392 
9.925 

10.458 

10.991 
11.524 
12.057 
12.590 
13.123 
13.656 
14.188 
14.719 
15.247 
15.769 
16.202 
lb.782 
17.264 
17.725 
18.163 
18.578 
18.972 
19.346 
19.m 
20.042 
20.367 
x).678 
20.9% 
21.263 
21.540 
21.008 
22.066 
22.314 
22.5% 
22.780 

z2 
23:403 
23.5% 
23.767 
23.935 

%Z 
24:m 
24s5O5 
24.b23 
24.731 
24,823 
24.916 

~~~ . 
25.119 
25.167 
25.204 
25.231 
25.249 
25.257 
25.254 
25.241 
25.218 
25.183 
25.134 

Pi- 1.9 

7.793 
8.326 
8.859 
932 

1o':Ei 

10.991 
11.94 
12.057 
12.550 
12.123 
13.656 
14.189 
14.722 
15.255 
15.788 
l&g 
16.853 
17.334 
17,912 
18.435 
18.950 
19.455 
19,948 
20.426 
2~882 
2l.311 
21.708 
22.078 
22.428 
22.759 
23.074 
3.375 
?3.663 
23.939 
24.203 
?4.455 
?4&i 
&se3 
z5.139 
25.343 
25.536 
25.717 
25.887 
!b.oW 
!G.IPZ 
~6.327 
26.451 
!6.5G4 
ZG.665 
~6.755 
16.834 
~6.901 
~6.957 
z7.002 
r7.035 
7.057 
rl.068 
rl.oq 
r/.055 
!7.030 
!b.s% 
~6. 939 

N = 2.C 

7.793 
8.326 
0359 
9.392 
9.925 

IO.458 
10.991 
11.524 
12.057 
12.51x) 
12.123 
13.656 
IL189 
14.722 
14.255 
15.788 
lb.321 
16.854 
17.337 
17.9% 

%i2 
19:519 
20.051 
20.582 
21.111 
21,636 
22.1% 
22.662 
23.157 
23.632 
24.078 
24.492 
24.813 
25.222 
25.542 
25.836 
26.109 
26.366 
26.608 
26.836 
27.052 
27.2556 

222 
27.7% 

z%l 
281217 
28.3% 
2u3P 
28.531 
28.611 
26.678 
28.733 
28.775 
28.805 
28.823 
20.828 
28.820 
28.800 
28.764 
28.709 



TABLE II (Contd) 

!- 

1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

11 

1: 

1 

- 

X 

- 

2: 

E 
67 
68 

z 
71 

: 
74 

z 
n 

5f: 
80 
01 
02 

it 
85 
06 

ii- 
89 
93 
7l 
92 
93 
94 
9s 
% 
n 
98 
99 
00 
01 
02 
03 
04 
05 
06 
07 
08 
09 
1C 
11 
12 

,I3 
14 

'15 
I6 
l7 
18 

:19 
20 
'21 
!22 
:23 
i24 

25 
26 
27 

:ottcm 
.iner lmd 
I.asonlc 
.lllW 
.-- 
14.460 
14.476 
14.472 
14.468 
14.464 

t:Ei 
14h 
14.448 
14.444 
lJ+..wp 
14.436 
14.432 
l4.428 
14.wl 
14.420 
14.416 
14.412 
14.408 
14.404 
14.4m 
14.3% 
14.392 
14.93 
14.384 
14.380 
14.376 
14.372 
14.368 

1K2 , 

1Ei 
14:368 
14.344 
14.340 
14.336 
14.332 
14.328 
14.324 
lC20 
14.316 
14.312 
14.308 

:z2 
14h6 
14.292 
14.208 
14.284 
l4.2L?C 
14.276 
14.272 
14.268 
14.264 
14.260 
14.2% 
14.252 
I J+A@ 
14.244 
14,240 
14.236 
14.2332 
14.228 
14.224 

tl= 1.3 
-- 
16.617 
16.603 
16.587 
16.569 
16.549 
16.527 
16.503 
1647 
i6.449 
16.419 
lb.387 
16.353 
16.317 
lb.278 
16.237 
16.193 
16.147 
16.100 
16.02 
lb.m3 
15.953 
15.903 
15.853 
15.804 
15.755 
15.706 
15,657 
15,609 
15.562 

1"*% 5. 
15.424 
15.379 
15.335 
15.291 
15.247 

1:*:“6: 
15:119 
15.077 
IS.036 
14.595 
14.v55 
14.915 
14.876 
14.838 
14.801 
14.765 
14.730 

1kZ . 
14.631 
14.600 
14.570 
14.542 
14.515 
14.409 
14.454 
14.440 
14Ll7 
140394 

:44';: . 
14,331 
14.312 

n = 1.4 
-- 
18.047 
18.025 
17.999 
17.969 
17.935 
17.898 
17.8% 
17.810 
17.760 
17.705 
17.647 
17.585 
17.519 
17.450 
17.378 
l7.304 
17.229 
17.153 
17.m 
lb.999 
lb.922 
16.845 
16.768 
16.692 
16,616 
16.54? 
16.465 
16.391 
I 6.317 
16.244 
16.172 
16.101 
16.031 
15.962 
15.893 
15.826 
15.760 
15.695 
15.631 
15.568 

::F$ 
15:387 
15.329 
15.272 
15,216 
15.162 
15.109 
15.057 
15.007 
14.958 
14.910 
14.864 
14.819 
14.776 
14.734 
IL694 
14.655 
14,618 
l4.S 
14.548 
l4.5l5 
14.484 

n- 1.5 

19.664 
19.629 
19 588 
IV. 541 
19.483 
19.429 
19.362 
19.289 
19.2iJo 
19.123 
19.033 
i 8.939 
la.841 
18.741 
18.61;0 
18.538 
18.435 
18.331 
la.227 
18.123 
18,019 
17.916 
17.813 
17.710 
17.Gca 
17X7 
17.w7 
17.x18 
17.210 
17.113 
17.018 
16.924 
16.831 
16.739 
lb.GliO 
16.550 
16.470 
lb.383 
lb, 298 
16.214 
16.131 
16.049 
15.969 
15.891 
15.815 
15.7@ 
15.666 

:Ei 
&6 
15.3% 
15.326 
15.264 
15.204 
15.145 
15.oR7 
15.031 
14.n6 
14.923 
14.872 
14.B23 

1zi 
14.686 
14.644 

-i 

Y 
-- 

M= 1.6 T 
.--- 

21.399 
21.348 
21.207 
21.21 b 
21.135 
21.045 
a.946 
20.839 
20.725 
20.6@5 
%I;81 
20.3% 
20.225 
20.075 
17.964 
17.832 
19.700 
17.568 
19.437 
19.M 
19.177 
19.048 
l&VZQ 
18.792 
18.666 
lam 
10.417 
18.294 
18.172 
18.051 
17.932 
17.814 
l7.bV7 
17.5@ 
17.468 
17,356 
17.245 
17.136 
17.1’28 
16.~22 
lb.Gl8 
16.715 
16.614 
16.515 
16.41s 
16.322 
16.220 
16.136 
16.046 
15.958 
r5.872 
15.788 
15.7cb 
15.626 
15.548 
15.472 
15.398 
15.3% 
15.257 
15.14) 
15.125 
15.062 
15.001 
14.942 
14.886 

. 

n= 1.7 

23.219 
23,151 
23.068 

2% 
221734 
22.599 
a451 
22.311 
22.162 
22.010 
21.656 
21.700 
21.543 
21.385 
21.227 
21.069 
2u.911 
20.754 
2Q.m 
20.441 
20.286 
20.131 
19.977 
19.825 
19.674 
19.524 

:;z 
19:oa2 
18.937 
18.793 
18.650 
18.508 
IS.368 
18.23 
ia. 
17.9@ 
17.828 
17.6% 
17.571 
17.44b 
17.324 
17.235 
17.089 
16.976 
16.866 
16.758 
16.652 
16.549 
16.w18 
16.349 
1%22 
16.156 
16.063 
15.972 
15.882 
15.794 
15,708 
15.624 
15.542 
15.463 
15.306 
15.311 
15.239 

n- 1.8 
ii 

25,068 
24.983 
24.67 
24.750 
24.604 
24.444 
24.274 
24.oSa 
23.918 
23.736 
23.553 
23.370 
23.1% 
23.0@2 
22.818 
22.634 
22.450 
22,267 
22.085 
21.P3 
21.722 
21.542 
21.53 
21.186 
21.010 
20.03s 
20,661 
20.489 
20.318 
20.149 
19.982 
19.817 
19.653 
19.491 
19.331 
19.173 
19.017 
18.863 
18.711 
18.561 
10,414 
18.269 
18.127 
17.99 
17.849 
17.713 
17.580 
l7.45o 
17.322 
17,196 
17.073 
16.952 
16.834 
16.719 
16.606 
16.4% 
16.388 
16.283 
16,180 
16.060 

:;zi . 
15.i95 
l5.7o5 
15.618 

I- 1.9 

26,864 
26.764 
26.637 
26.483 
26.303 
26.113 
25.939 
EL703 
255.4?5 
25.286 
25.076 
24.865 
24.654 
24.U 
24.22 
24.021 
23.011 
23.603 
23.395 
23.183 
P.982 
a-i-77 
22.574 
22.372 
a17r 
21.974 
21.778 
21.584 
21.392 
21.201 
21.012 
20.825 
20.64C 
20,457 
20,276 
20.090 
lV.V22 
19.748 
19.577 
19.408 
19.242 
19.078 
18.916 
16.756 
18.599 
18,444 
18.292 
18.143 
17.996 
17,852 
17.711 
17.5?3 
17.433 
17.306 
17.177 
17.051 
16.928 
16.tTaO 
16.691 
16.577 
lU55 
16.356 
16.~0 
16.147 
16.046 

- 

t 

M = 2.0 

28,628 
28.515 
28.365 
28.l7a 
27.963 
27.739 
27.509 
27.276 
27.041 
26.805 
26.568 
26.331 
26.094 
25.m 
25.(&Q 
25.384 
25.1% 
24.917 
2W5 
24.454 
24.225 
23.998 
23.772 
23.548 
23.326 
23.105 
22.867 
a611 
22.W6 
zw 
22.034 
21.826 
21.620 
21.416 
21.215 
21,016 
20,820 
20.627 
20.436 
20.248 
=.o@ 
19.879 
19.699 
19.22 
19,348 
19.176 
lV.co7 
18.841 
18.678 
18.517 
18.360 
18.206 
18.055 
17.906 
17.7Eo 
17.617 
17.477 
17.341 
17.208 
17.077 
16.949 
lb.824 
lb.p2 
lb.584 
16.469 



TABLTG II (c&a) 

I- 

1 

1 

1 
1 
1 

1 
1 
1 
1 
1 

1 

1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

iT 

1 
1 

- 

X 

- 
128 
129 
Ix, 
131 
I32 
133 
134 
135 
I36 
I37 
138 
I39 
i&Q 
iw 
142 
143 
I44 
145 
146 
147 
lqa 
149 
150 
~ 51 
iP 

I53 
34 
155 
1% 
,n 
,58 
159 
l&l 
I61 
62 
i63 
%4 

,2 

i2 
69 

iz 

$ 
74 
75 
i76 
!TI 
!78 

‘C 
‘81 
a2 
183 
- 

14.2aJ 
14.216 
14.212 
14.208 
14.204 
14.2cO 
14.196 
14.192 
14,lea 
14.184 
14.m 
14.176 
14.172 
14.168 
14.164 
14.160 
14.1% 

E.$ . 
14.144 
14.143 
14.136 
14.132 
iL.128 
14.124 

14.120 
14.116 
14.112 
14.108 
14.104 
14.1m 
14.096 
14.092 
14.088 
14.084 
14&O 
I 4.076 
14.072 
iLOG 
14.064 
14.060 
14.056 
:!&.052 
14.048 
14.ou 
14.04J 
14.036 
14.032 
14.oa 
14.024 
14.020 
14.OlG 
14.012 
14.008 
14.034 
14.0x 

T 
-- 

n-1.3 

14.294 
14.276 
14.263 
14.249 
14.236 
14,224 
14.213 
14.203 
14,194 
14.167 
14.181 
14.176 
14,172 
14.168 

2% 
14I156 
14.152 
14,148 
14.144 
14ella 
14.136 
14.132 
14.128 
14.124 

14,120 
14.116 
lb112 
14.108 
14.104 
14.m 
14.096 
14.092 
14.088 
i4m4 
14.oeo 
14.076 
14.m 
14.068 
14.~64 
14.obo 
14.056 
14.052 
14.048 
14.044 
14.040 
14.036 
14.oT2 
14.02'3 
14.024 
ILOLU 
14.016 
14,012 
14.c03 
14,004 
14.WO 

- 

n = 1.4 

14.399 
14.374 
14.350 
14.328 

l%i B 
14.270 
14.253 
lu% 
14.224 
14.212 
1b.201 
14.150 
14.181 

:Ez 
14.160 
14.1% 
&gg 
14.144 
14.116, 
14.13 
14.132 
14.128 
14.124 

14.120 
14.116 
14.112 
14.1cs 
14.104 
14.lCO 
14.0% 
14.EQ 
14.008 
14.084 
14.080 
14.076 
14.03 
14.068 
14.0G4 
14.060 
14,056 
14.0s 
14.048 
14.04JA 
lkO4J 
14.036 
14.032 
14.028 
14.024 
14.020 
14.016 
14.012 
14.ms 
14.004 
l4.000 

-- 
n= 1.5 I + 
ltL.4 

:~~ 
14:493 
14.459 
14.m 
14.3v7 
14.368 
14.341 
14.316 i 
14.293 
14.m 
lL253 
14.236 
14.m 
14.2oG 
14.193 
14.181 
14.170 
14.1@ 
14.151 
14.143 
14.136 
14.13 
M 

14.120 
14.116 
14.112 
14.108 
lb104 
14.100 
I 4.096 
14.0'12 
14.089 
14.084 
14.080 
14.076 
14.072 
14.069 
14.064 
14.060 
14.0% 
14.052 
14.048 
14.044 
14.OM 
14.036 
14.032 
14.028 
14.024 
14.OP 
14.016 
14.012 
14m3 
14.004 
14.OCD -L 

Y 

PI = 1.6 

14,632 
14.700 
14.7Jo 
14.682 
14.636 
14.5% 
14.59 
14.511 

:?%i 
14:4c6 

:;:Z$ 
14,319 
14.294 
14.271 
14.249 
14&v 
14.211 
14.195 
14.lEl 
14.168 
14.156 
14.145 
14.136 

14.128 
lb121 
14.115 

g%J 

14.a 
14m2 
14.088 
14.c04 
14.080 
14.076 
14,072 
14.068 
14.oG4 
14s.060 
14,056 
Ilk052 
14.048 
lb044 
14.040 
14.a 
14.032 
14.028 
14,024 
14,oa 
14,016 
14,012 
14,coE 
1kW 
14.000 - 

n= 1.7 

15.169 
15.101 
15.036 
14.973 
14.9l3 
14.055 

1Ez 

:& 
141598 
14.553 
14.511 
14.471 
14.434 

r::g 
1lk33f 
14.3l9 
14.283 
14&Y 
14.m 
14.217 
14.159 
14.182 

14.161 
14.154I 
14.142 
14.131 
14.121 
14.112 
14.104 
l4.Ov7 
14.OVl 
g&Q 
i4.om 
14.076 
14.072 
14.068 
14.064 
14.oGo 

%2 
14zoqs 
14.044 
14.010 
14,036 
14.032 
14.028 
14.024 
14.0x) 
14,016 
14.012 
14.co8 
14x04 
14.COC 

t-l= 1.8 

15.533 
15.451 
15.371 
15.294 
15.220 
15.14e 
15.079 
15.012 
14.948 
14.886 
14.@7 
14.770 
14.716 
14,6G4 
14.615 

tE2 
14:403 
14.444 
14.407 
14.372 
14.3&c 
14.310 
14.282 
14.256 

14.233 
14.211 
14.191 
14.173 
14.157 
14.143 
lk13o 
14.118 
14.107 
14.098 
14.0% 
14.083 
14.076 
14.070 

8% 
14.056 
140o.Q 
14.m 
14.044 
14.oko 
14.036 
14.032 
14,028 
lb.024 
14.020 
14.016 
lLr.012 
14.ca 
i4.w4 
14.000 

15.668 ; 16.035 

I 

15.580 
15.495 
15.412 
15.332 
15.254 
15.179 
15.107 
15.038 
14.V72 
14.939 
14,848 
14.773 
14.734 
14.681 
14.6% 

:E: 

1Ks 
14:417 
1433 

ilk349 
14.318 
14.289 
14.262 
14.236 
14.212 
14.190 
14.170 
14.152 
14.135 
14.12D 
14.107 
14.095 
14.085 
14.076 
14.068 
14.061 
14.055 

#% 
14.W 
14.036 
14.032 
14,028 
14.024 
14.020 
14,016 
14.012 
14.008 
14.004 

15.934 
15.836 
15.741 
I 5.649 
?5.5@ 
15.473 
15.3589 
IS.308 
15.231 
15.156 
15.084 
15.014 

1::; 
14:su 
14.764 
14..708 
14.654 
14.603 
14.555 
14.509 

:i$; 
14.386' 
14.350 
14.316 
14.285 
14.256 
14.229 
14.204 
14.182 
14.161 
Ilk142 
14.125 
14.110 
14.096 
14.084 

:gg 
14.056 
14.049 
14.043 

E 
1 LO28 
14.024 
14.OP 
14.016 
14.ol2 
14.008 
14.004 

14.m , 14.000 

'ihe liners We strakht above the slrr& line and below the &tile 111% 
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CONTRACTION F 

I 

C 
:c 

5 

. ;. 

NOZZLE BRI[ 
PIE’ 

‘ - 

EDGE OF 45’ FILLET 

///////////////////lj 
BOTTOM LINER OF NOZZLE. 

ORDINATES. 

ALL DIMENSIONS IN INCHES 
/- 

FIG. I. VERTICAL SECTION THROUGH CONTRACTION 

AND WORKING SECTION. 
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