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Calculation Procedure for Mach 8 Engine
Stat{an 1.
Use the following fortailas fram Ref. 12 to calculate the inlet area:

. (He)d
-1 £ vy

U.'-Drﬁsl

Assude: n. = .412

~ bl 095

f " He = 18894 Btw/lbm fuel
At 100,000 ft and M = 8 , .

T, = 4&20.1°R
: P, = 22.32 1b/fe?
} oy = .000996 lbm/£43
! vV, = 8050.96 ft/sec

1, » {:412) (18804) (778)
o £= {80517

Ir = T52.23 sec

Assume: L/D =6
L = 430,000 1b
D = Fg = 75000 1b

Therefore:
Ve = 5253

¥e = 94.T2 lbm/sec Suel

To Calculate the stoichicmetric fuel-air ratio (F/A) assume the fuei !s MCH
canverted to Hp and CoHa:

.75 Ha + .25 CyHeq + 2.625 Oz + 2.625(3.76)Np —
1.75 Ha0 + 1.75 CO2 + 9.87 Nz
The aversge molecular weight of the fuel: 25.25

-288-
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(1 mole of f:el)(25.25 1dm molecular weight)
(9.87 + 2.625 moies air;(28.95 iba aciecuiar weigat)

lr/A-.oege' Assuaing E.R = 1.0

4%’72
(. 0690, (. 0096 § (5051}

F/A =

Ax'

Ay = 169.23 £42

Station 3.

W0 3.

(Ptx\ 7-'1/;
5 -1

P.
3

A ARV AL

By prien, e, o, o S AT P S SV e [ AP BTG S TR TR 8 T B YA gy « GO PO R TSy ey WP

:

ng = .99
y = L&

then

. (Ptx/?fd).“e -1
v -8R =+t - 9%

(Ptl/Pts)"“ - 1.5248

(Ptx/Pts) = k.36
Fraom the {sentropic flow tables at M = 8

Py/Py, = 000102

22,32 1b/rt2

A Pty * T oO012 ) (16h 2277 E7)

. Py, = 1519 1b/in?

P U TSNP SU T SRR o vy SRR EPR N LT JURPRUI SUORL P 3 SO

AFAPL -TR-47-114

Use the Dugger Equation for the total pressure drop from Station 1

VIR T G
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Part 111
p, . 1012 M/ in®
ts . %0
Pry = 348 1b/in?
Ass me:
My = 2.5| hen

From the isentropic flow tablesg at M = 2.5

Py = 20.4 1b/in<

Asgupe the enthalpy at 1 and 3 are equal:

42.1V1.)?
htitb%-hst(m gg;rﬂ)

. ((8)(50.1) hzo.l)z
Bey = 10032 + 1527 (778)

by, = 1394 Bu/la

By 4rial and errcr T4 = 2500°R

2
(2.5)L9.1V2500)
hey = T3R.33 + (27(32.27(1787

h‘: = 1355 close enough

on n f20.B)(104)
3 (55.3121!525007

La = .0220 1bm/ft3

Station S.

By an i‘eratiye procecure calculate the heat transfer from the
casbustion area assunming 2000°R wall temperature and thus the total tempera-
ture rise. Then using a Rayleigh line relaticnship the remaining conditions
at Station 5 may be determined.

e et gt
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First calculate the flov area and heat transfer area:

B = O5A5Vy = 0,4,V

Vs = {2.5)(k9.1)/2500
V3 = él)bo )
gAY, (L00000%)(160)(8051)
As = s T T (LD oi)
Ay = 10.0 10.0 = x7,2 - xr32 » 169 - xra?
Ta = T.ll j g4
Bydrsulic Diameter [y
[
LA k(10.9)
= —J =
Ut 5t EGRULL) + 22(7.28)
Dp = llh

AFAPL -TR-47-1ls
Part 111

Assume time for cambustiicn axd nrixing ean be sceamplished in 2 usec = 0C2 sec

and the average velocity {0 the combrstor is S000 ft/uec.
The length of the cambus?tcr then is L

L = (.002)(5000)

L =10 rt

Fecrming a heat balance on the coobustion area
. (hP' - h?o') - (hR' - .nﬂo')" q= - %PO
where:  hp' = enthalpy of the reactants
kp' = enthaluy of the products

hpp, = heat of cambustiiom
q = heat transfeyrsd per I'm fuel

Heat of combustion calculaticm:
P, = “C?Hs(hﬁi’o)c,ne + ""Se(hﬁf’o)gz
A BC,Hg = 938 1o CrHe/lbm fuel

B, = .062 1bm Ho/lbm fuel

S
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{hgp., ! . <1761 Bu/lte
(CRrgle . * -2197 3w/
Cr
"Ry * (.9%8)(-17501) » (.062)(~5155%)

hRPo - —I?Ty.s S‘Jd/lm foel

The reacianis:

'
&
L]
-~
¥
'
-
-
*
~~
¥
'
y
[4)
e
"2
o
»

kR’ 1 i
I‘%ln
(h' - ho') ,_=n et - hayr)
O g ‘afir ""(\xelv 2300 537
(]

(h' - ng'),, . = Th1Z.B 2w/l fuel

(h" = Ro' )1 * Chpuer!® - to)
Asaume: Cpn ,q = -766 Bw/ita - °F
t =900 °F
(' = 8g')q 01 = -TE6)(300 - TT)
(ht = ho')q 4 = 631 B/1tm fuel

hg' - hg,' » 5Ck3.6 Bw/lm fuel

The products:

Calculate enthalpy of roducts as funciian of temperature and
make plot.

Comstituent n &37 E‘ooo ndh 55000 n&h E!jm nth
CO2 1.75 BO30 k5231  TOlR SR0OC 10LkoW8 69677 11u881
HoO L75 bS8 Lok8g  63u0M 53327 35871 5833  SLogl

N2 5.87 3730 31329 272406 k0080 35BTT3 k% 301858
514913 549591 601771

ndh nAh
(hp' = hpo' )y = = = 3557

-2 e~
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Teap, (hp' - h’:" )‘
= Beu/Idx Piel
8000 BA2
5000 21766 See plot an following page (Pigere T2)
5380 23833

Litimate of Heat Transfer m the m:
Procedure:
1. Assume Temperature a$ Statiom §

2. Calculate Mach Wumder and m et Station § from
Rayleigh line

3¢ Assume linear variatica of pressure and temperatyre over
length of cambustor

k. Calculate density, veloeity, viscosity, Reynolds Nuaber,
Musselt NMuaber, correction constant far Righ velooily
heat transfer, thermml conductivity, heat trunsfer
coefficient, sdiadatic vall temperature and the fimal -
product, hPRGt, vhere P {3 the wettad

perizeter,
Ot = )y - ty and %y = 2000°R, and b is the loval hest
~ transfer coefficient.

Se From curve of hfit ve x calculate hest transferred;

L
[ e
x=Q :

6. quqt.nd(h'lwm,ﬂ (' = ho')p and calailate
. teaperature at Stntial:.s. )B m"

7. Return t0 2 until tesperature used to calculate walues
and calculsted temperature sre equal.

Zxample:
Station 3:

M = 2.5

P = 20.%
T = 2500°R
(p/P») = 20616
(T/T%) = 3787

Assume T4 = S63T.5°R




AFAPL-TR-47-114

o = P/RT

vhere R = 53.34

VYapo,/Vifo= 155.2/0

BeoYDno
W

)

)

2.50

2.06
LT3

1.W0
L3

h

(20.%

e Nu x
.65 B6L,5 .OkB
TS5 9R.5 .C%
.81 o88.2 .2
L8k 982.8 .0&23
.88 1X7.6 .CTh

89  987.3 .CTSe

hPot

3.8 2.80 x 107

120.1

3,81 x 107

138.0 &.7h x 107
151.6 6.07 x 107
167.9 7.5 x 107
175.8 8.8s x W07

Pert 111 -
(T/To)q = ('../-.) Ts/Ts = (.5787) Al
a7 & S af h .3 e JiV “zw
(r/r- Jg = 8540
. From Rayleigh Line:
Ms = L2l
‘(P/F“)s = 70535
Ps = (P/Pe)a/(P/Pe)y Py = (.7‘55))/( 2e6.5)
Ps = 58.45 1b/1a?
x P T o V u Re - N
‘ x 10°% ¢ 10® (M0
0 20.8 2500 022 6150 3.4 .76 13%
2 2.3 310 o~ 3 3.8 .88 1270
b 35.6 3TW 26 200 k.2 1.83 1220
6 k3.3 &370 .R7 5007 k.6 .30 17
8 SO0 5000 28 T2 b9 1.2 1145
10 S8.45 5637.5 028 LB28 5.2+  L1T7 - 1110
{ e Ixirapclated {based on air st low pressures)
x Pr Prl/3 Tau/T Taw fatd
o .73 .90 2.1295 5312.5 333i2.9
2 .75 .91 LTT 550k.T 350k.7
M .79 R LS55 5T9T.0 3T3T.0
6 .90 1.0 1.b7  6823.9 Wh23%.9
8 1.00 1.9 1.9 69%.0 950.0
10 1,00 1.0 1.3 T55k.3 S534.3

In the sbove calculations the following expressicn were u:ed

W, « f(Re,Pr) from Kays:$) erpression for turtulent flow ‘nside
. concentric anmlll at ri/ro = 1.0 (See Figu~e 73)

Ma v/ (59.1VT)

C = From Kays page 13.28 for affect of high velocity cn Stanton Yo.

«2Gh~
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Noe ON,
h--‘i‘-
/9
'I'AH/T'10—3—’;?1 (y - 1 were y = L&
'f Ot o (Tay - Tw) = (Tay - 2000)
P = 2xr{ + 2279 = 90.5 ¢
=l
Then: q'--j (bFOt)y d&x  This is expressiom is Integrated
x=0 . 'grepbically fros Figure Th
i qQ' = = 5.575 x 10® Btu/hr
l.u--o‘A;Vx-k.aT?xlO‘lh./hr
L] o‘;’ !10’
q'-g.gvxmu
qQ = - 1.1426 x 10? Bty/lta air
11426 x 102 :

Q' =

q' = - 1637 Btu/1bam fuel

lgv to calculate the cambustion te-pentuﬁ:'
. (h' - ho')P - (hl - ho')n -‘qn - -mo
(8* - ho')p - 80k3.8 + 1637 = - (~1970B.5)

oo Ox'-ho)p-zslls.j Btu/ltm fuel

From curve in Figure 75 this gives a tempersture:

Ts = S800°R which does not agree with agsume temp, .. recalmlate

m,&pmtzmmmmmuuunmw .
temperatures wve can {ind the point they are equsl. In additicm bty plotting

the heat transferred vs the assumed temperature wve can odtain the sctual heat
muatmetcmmmm-mmmm.

Q . Ts = 5T91°R
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sTo1)

é Then (1/Te)y = (.3787) 35255

(T/Te)s = 8778 from Raylelgh line ve get

h = 1.%5

(P/Pe)g = .THO
Py = %7 (20. &

!rr, = 61.3 ib/in?

| Statim 6.

Assume: 1. Isentropic expansion from 5 %o 6.
2. Ag = 313.58 £t? (D = 20 rt)

(W/As)g = (A/Ae)s i:.: - %g}m

(A/Ae)g = 32.89

Mg = 5.28

(P/Po)e = 001538

p (,001538) (61.3)
‘e = . 317

Pg = .250 1b/m2]

T
To = {‘1510;, Ts
Te = 1177.88°R

V= (5.28)(49.1)V1177.38
Ve = 8897.48 ft/sec
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| g
- .0
. ce ST
ga = -00057Th ltm/r1d
Calculate Thrust, Specific Impulse, and Oversll Efficiency:
Thrust o Fg = fg - £, - Py(Aq = Ay} |
Lo = AQ(P, + tp Egﬁ)
v 2 > Fros w:)
- .
tl A;(PL * o ) !
Dg = .95 y
by 0o 2 o Loz pon )
£, = 3h2644.1 1d
.95(.0005Th k8
fo = 313-58(36.05 -1 5;)2(3897 )’)
fa = 431703.2 1b

Fg = b31703.9 - 3h26kk.1 - 22.32(313.58 - 169.)

Fg = 8585}-22 bl

Specific Impulse:

. B (Fg)
Ip = "

Ve = fouTihy = (.0698)(,000996) (169. ) (2051)
We = 94,6 1bm/sec fuel
.95) (85833, 22

Ip =

Ig = 861.96 sec

L} Overall Efficiency:
Iev

- Te * Hrv Vii/zed

9™~
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(B61.96(8050.96)

Be e icow.%”% —
(lmcs + 2.2 (775 778

ne = k247

Estizmte of Yeat Transfer From Nostle:

Congider the nozzle delow: (Note: the values below are not the
' ' final but a firgt egtimate) :

\ 80 £
* . N

C N
VA A A5 5 5 559 59 &0 &3 9 v aw &> o= =mom o l

E 2 r

| rl{, - . ¢ re = 9.5
? ___r T -

' N il .

: 30 £t '4-”'

! ® ®

Flow Area:

Feq -1y = G.75 - 7.28 = 2,47

mQ-g%I-.%;TS tano_,,-L-.)%a’.zﬂ
o2 = 3%°

Fram 2 = 0 to x = 10  where r¢ = rg - x tan o2 = 9.75 - x (.06175)

Franx = 10t0x e b0 Ag=xars? - xy2 1= (x-10) tan o, =
——— Sp—t
x' = b0 - x .
x ry At n Ay Ax
0 o0 9.75 298.8 0 o] 298.8
0 10 9.13 262.0 0 .0 262.0
20 o) 8.52 227.8 2.37 17.6 210.2
10 30 T7.90 155.9 k. Th T0.6 125.3
5 ’S TO& 180.9 5.92 11003 70.6
h 26 T.53 178.0 6.16 119.3% 8.7
3 37 T.k7 175.1 6.40 128.6 6.5
2 38 T.40 172.2 6.6k 338.3 33.9
1 79 T.5h 169.3 6.87 148. 4 20.9
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Assuming {sentropic expansicn 0 esch point: ,
W/he)y = Q./_i'_"_éx - Ty e 20T by (£47)

This yields a Mach Number from Isentropio Flow Tubles.

T - (T/To ‘x _(1/3%&2. -« 7527.5 (T/To)x ("R}

| T/%oTs 1
Py = %};—:E Pg = -(-PL.’%;—“- - 167 (P/Pq)x (1b/122) |
Ve B9VE  (tt/sec)
og = -5—;{-;‘—:; . 2.7 Pp/Ty  (1bw/ft3)

(A/Ae)y M (P/Po)y Px (T/To)g rg Vg

x! ox B

1 2.292 2.35 .0Th 12.38 .75 3RS 6851 .00948 .k x 1079
2 3718 2.86 .0% 5.68 .3T9 2815 7451 .0OSkA 3.93

3 510 3.20 .00 3.3 .38  2k% TTAS .003T1 3.68

B 6.4 3.k5 .01% 2.3  .290 2150 7855 .O0R9M 3.47

5 T.7Th 3.64 .0108 1.81 274 2063 8118 .002% 3.8

10 13.78 k.28 .0050 .8% .220 165 8552 .0013 3.07
20 23.05 k.90 .00R13 @ .35%6 .1T2 129k 865k .00OTH 2.TS

30 28.73 5.10 .00165 - .2T6 .160 1200 867k .0006R2 2.66

0 32.89  5.28 .0015%  .257 .15k . 1160 8831 .00060 2.6

Assume the heat iransfer relaticn is turbulent flow fht plate.
Muy = c(.332(Pr) 3(Rey)/2) = oy,

R - Eﬂ ' = |
ex m ¢ gx:ectim’_“ - nfg)hizh speed

h = %.k. (Btu/mr-£12.°F)

x! Re Rel/2 Pr Pr¥3 My, e My k A
1 1475 x 10° 121k x 108 .83 .9 378.9 .T0 265 .065 1T.2
2 2.% 10&35 : 076 c91 k)}-s .63 m .oﬁ 7'9
} 20}& losw ’ -“ .m k57.2 oﬁ as .Oﬁk k.a

(Cantimed)

~299-
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y -l.h'
To = pri/3

x'

(VIR SN I

10
20
30
i ko

Then:

x' R &1/8 Pr

M o2.66 1.63 .T3

5 2.82 1.68 .73
(10 3.79 1.9 .71
20 b66 2,16 .70
30 6.06 2.8 .70
%0

8.%’ 2.& -%

P = 2xry ¢ 2a1y

Taw
T184.8
6959.6
6909.0
6756.3
6983.1
T116.3
6886.4

- 6618.2

£981.0

h.x/s

-390
.90

E2EE

Tix = Tr(1 s Sl - 1)

At
5184.8
4959.6
4909.0
4756.3
L583.1
5115.3
k886,
M18.2
481.0

x'=hO
QN = f (hmat ) dx!
x'=0Q

N

air

———

ml

87.0
Q.0
579.0
6538.2
T26.9
8%.2

8t = Tpy - Tv = (Taw - 2000°R)

89.3
88.2
87.1
86.0
84.9
9.k
68.4
STk
6L3

587

050 5.k
L0h9 2.7

ks 259 .OMs 1.1

.38 243 .0%8
.37 269 .O37

o%
33

% xR O.0¥% .27

hPat

7.96 x 108
3. 46
2.05
- 1.39
1.1k

olSk
091

Integrating graphically from curve of x' vs Lt in
Figure 76 ve get,

qy = 47.8 x 10° Btu/hr

k7.8 x 10® Biu/hr
4.879 x 108

e —a . ————w A

PR
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QN 9.TH7 Btu/1tm air

wy - 22

L0098 1bm. fuel/lbm air

qQ'y = 140.4 Btu/1bm fuel

Q'reaN Qe

q'p = 1867.4 Btu/1ltm fuel
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4000 /
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5500 p—- /
/
/
[- 4
*
3 so0}—
L]
e
g
-
n{moles)
COZ ,.75
H .75
4500 p— ©
N1 9.87 .
:‘.
4000 ] ] ] J } ] '
16 20 24 28 2 x10
(b <Ho)p Bru/tbm Fuel
Figure 72. ENTHALPY OF PRODUCTS OF COMBUSTION
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Table 122, (FEYIROGEMATION OF VA

TANUADD CATALIDT

Presgure: 1 ata
Dol T evsper e o

Catelyst Voluwe:
Resctiom Time:

Catalyss No,. .

el MO L isn

A D

X0

b

LRS®

Catalywt Red
Profrile, °F

Reactoyr wall Tewperuture,
i i o

Product Anmlyeis,
Bty
g )
T L

M Comvers Lo, W

{
5
LEA) Tikw16
T

LT a.

gr.e |
0.0

1%

Th3

50 785
T35 ) 18886
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¢
3
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i 9 fo.1

50
815-%7
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TRy
TrT-8%
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Table 12%. CYEYDROGENATION CF MCE CVWR SHELL 108
Presaurw: 1 stm Catalyet Yoluwe: 7T sl
Block Tesperstura: OA2°F Rscctice Time: 30 Minctes
Catalyst Yumber: LRO0-108
4 ’ Ron Wammer s 10T BT eI %52 [ B B2 5] 4
LASY b] 13 b o] 50 &n fle'e]
tatalye: Bed TTe-T2 | 653 §35-39] S-Sl S60-T1w| &8T-9h
Frofile, *¥ 817-13§ 639 637 630-33) 635-191 644-50
& 8%1 T82-300 637-55] S3r-39 615-37| S39-k2 » ®
4 ( ;T35 1 TTS 637-84} 658 68 )
Reector Well Tosperasturu, °Fl 35281 ™2 TeT-251 T16-18) TIS T25-29
o wex o o b 11 5 T
Product fneiyzis, %
¢ B aviet 2.3 loz [oo oo {ao |oo b
" MCH 1.A kg 30.h 3.8 &3.3 68,y
TOL sy 6.3 k9 [{69.5 |32 |385.7 31 7
y MEX Conversion, W 8.6  os.1 |66 59, 3 36.% 3.
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Part |1

i
* |
»
Table 12, [FHYIRIXINATION 0F MOH OTR 900 S0 >
& Precaure: 1 atm Cetalyst Yolupe: T wl
: - Block Temperature; O4Q°F HReeciom Time: 30 Mimites
. Run Mumbers 11055 Tx-] [ sose2f icu-ll los-d 05 &
b LHSY 5 15 20 50 8o . B
' Catalyut Bed T61-52{ 669851 635771 TM-A15 ¢ A30-33
Profile, °F o601 &91.87) 83548 51«2-761 Bw.3%

Brb.2by T29-23| 993-95 ) oké.TOL]| 806-33
g33 TTo-63| 678-80) 65T-680 | TTH-83 3

Reector Wall Tempersture, °F| &2.20] 76361 TR7T-29) T25-88 | &ok.35

B O -

d
® O sex 0 0 15 11% --4)

i

; Produet Analysis, %

f | Bansera 1.2 0.0 0.0 0.0 0.0

{ 0, 0.0 0.1 0.0 0.2 0.2

| b ou3 1.k 2.2 2104 56.1 .6

% u?b) 2.0 0.0 0.0 0.0 pg.é . v
q Tolusne I 9T1.7 125 3.7 1.6

i ! UyS) 0.0 0.0 0.0 0.0 1.0

i

i - N

: HH Comwersion, o 3.6 gr.d 72,8 R l j,kq)

e A

. 2)  Gadentilled: emsrged after tensene.

\ b) Midentified; swerged after M. »

' . ¢} Unidestifisd; sserged altar Toluene.
q ! 4) Cetalywt stout coapletely deactivetad b end of run.

»
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Pert N
Table 125. DEHYDROGENATION OF MCH CVER UOP-RISE
Pressure: 1l rh:
Block Tempersture: S&2°PF
Catalyst Voluze: Tal .
Reacticn Tine: 30 minutes
Run No. 11325« 8s5-1 85-2 86-1 | 86-2 87-1 87-2
LSV 5 15 30 50 80 100
Catalyst Bed T74-T70 671 | 655-58 | 686-T29 | 755-826 8ok
Profile, °F 812-10 | T05-CR2 | 646-57 | 6b0-657 | 6T3-T51 TRW-822
831-29 | 752-50 | 668-67 | 64451 | 550-89 T0S~T761 y
833 | TT9-74 | 689-87 | 65T-55 | 6uB-69%) | 678-T20*
Reactor Wall Temp, °F 831 | 7T9-T6 | 6e3-47 | 638-4T | TS0-90 8c2-28
OTrays °F -4 -5 11 A3 ggs) 310)
Product Analysis, <w :
Bengene 0.1 0.0 Q.0 0.0 0.0 0.0
MCH 7.4 4.8 33,2 5k.9 70.9 81.5
Toluene R.b| 95.2( 66.8 ks.1 29.0 18.0
Otherst) 0.1] ‘0.0l 0.0 0.0 0.1 0.5
MCH Conversion, W RR.6| 95.2] 66.8 ks.1 9.1 18.5
a) Cold spot moved down the catalyst bed.

b) Emerged after MCH and after toluene.

3 R
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_ Table 126. CEMYDROGENATICN CF MCK CVIR 1% P cn 41204
" Presgure: 1l az
Block Temperature: U032°F
Catalyst Volume: T=1
Reacticn Tide: 30 aimites
Catalyst No.: 10280-4k
Pun No. 11325- | 81-1 | 81-2 | 82-1 | £2-2 83-1 81-2 )
LBsV 5 1: 3 50 80 200
Catalyst Bed TT6-T2 | 686-82 | 669-76 | 685-Th3 | 776-815 819-24
Profile, °F 817 | T32-27 689 | 687-707 | 729-90 806-24
. . 833 ! 765-61 | T11-09 | 656-707 | T16~66 T786-819
837 | 795-92 | Th1-39 | TiB-22 | T20-54 | (T2-812
Reactor Wall Temp, °F |B31-28 | 781-76 | 750-52 | T47-61 | 770-810 |817-831
| OTmay, °F - -5 +7 58 61%) uo®)
{ Product Analysis, $w ‘
Benzene 2.1 0.3 0.1 0.1 0.1 0.1
MCH 2.2| 12.8] uks 63.7 82.4 3.5 .
Toluene 95.7| 86.9) s55.2 35.8 16.7 k.9
Others®) 0.0{ o.0| ‘0.2 0.4 0.8 2.5
MCH Cooversicn, fw 97.8 | 87.21 ss.5] %6.3] 17.6 1.5
: s gy 1o 97.9| 9.7 94| .| sbs | 653
a) Energed af{ter MCH and after toluene.
b} Cold spot moved down the catalyst bed.
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Part 111

Table 127. DEHYTROGENATION CF !TH OVER 10860-114C CATRIYST

Presgure: lata
Block Temperature: 8k2°F
Catalyst Volume: Tl
1 %ion Time: 30 zimtes
Run No. 11325- Tu-1 T4=2 | TS-1 | 75-2 T6-1 76=2
1HSV 5 15| 50 8o 100
Catalyst Bed 759-61 | 640-35 619 | A21-26 | 635-37 | 64k-50
Profile, °F 815 | 689-82 | 632-%0 621 | 619-21 | 621-23
833 | T50-43 | 666-57 635 626 626
837-35 | 792-84 | 651-89 658 6hk 637-35
Reactor Wall Temp, °F 831 | TT0-66 | 730-28 718 T TO9
ATpay, °F +< 8 -3 +5 +2 6
Product Analyais, $w '
Benzene S.4 0.5 0.1 0.0 0.0 0.0
MCH 2.2 LT 26.8 k1.2 9.6 65.0
Toluens R.h 97.8 3.1 52.8 4.k 35.0
MCH Conversion, W 97.8 98.3 3.2 52.8 ho. b 25.0
=315~

- ——a .
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EoRe i 0 ST TR Ve Liadl

[

Tdle ¥, TEYROLDNATION CF MCH CVER 10REC-11kB CATALYST

Pressure: 1l s*m
Block Temperecure, Bi2°F
Caalye: Vclude; T =l

. —— . e . s o e e b1 2

A L L B s T T o T e p—

Reaction Tize: 3C nirutes
Rus Mo. 11%2%- 8 To-1 e % T2-1 TR-2
THSY 5 15 0 5C ; ec 120
Ca%alyst Bed TE1-52 1 680-TK | 67160 | 6Bg.m0T | TRTWE P TR1-ECE
Prolfile, °F B1c-ok | T12-07 ET6 | 67322 (AETATG ] T23-6Y
del T62-48 | ALBL | CAGarT [ SETLTIR | TOC-25
Ero.sn | ~Ga.a | 27-25 TCT | Ex-TR . TIR-16

Reactor Wall Temp, °F | B828-261779-76 TR | TWI-LT | TWTAY I TEE-9S

Toaxr T - -7 3 18 a1 o)
Prodict Analysis, W
Berzene 0.8 c.2 0.1 0.1 .1 0.1
MCH 0.8 10.8] a3 62.2 713 81.3
Toluene 8.k 89.0 55.6 37.7 26.€ 5.6
MCH Conversicn, % 99.2| 8.2| ss.7| 8| 67| 1187

3) Ccld spot roved down the catalys: ted.
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Tadie 129, CEHYIROGINATION CF MCA CVER 10B60-11%A AND
B RY 200 SR CAZALYIDTS

t ' Pressure: . 1t
Block Temperat:re: 8i°'P
Catalyst Volume: 7

! : 4 . Resction Time: X uinites
i Run No. 11325- 89-1 89-2 | 18-1 78-2 )
Catalyst Houdry 200 SR 1086C-11%A
LHSY b} 1s 5 15 X
Catalyst Bed 758-56 | 705-833 | T63-58 | T25-63 | 82k-37
Prcfile, °F : 801-799 | T00-831 | 8OU-TIT | 781-50 | T97-833
826-2k | T81-8% | “2k-17 | T61-58 | TTR-E25

833 | TT0-828 | 831-28 | TBu-7T3 | TTO-817
Resctcr wall Temp, °F 826 | 183-838 | 82u-21 | 788-97 | 820-837

LTmpys °F -2 131 =T| | »)
. Product Analysis, '
Senzene 1.k 0.2 7 2.2 0.1
MCH 1.7 9.3 k.8 55.C 88.3
- Tcluem %09 )k' 1 g 93' 5 6“-8 10.8
Others®) 0.0 6.2 0.0 0.0 0.8
MCH Ccaversion, 4w 98.3 8.6 95.2 €5.0 .7
Selectivity for
Toluene, % 98.6 8k.0 xR.8 9.7 R.3

' |
a) Eoerged after WH, afier Lenze ., a’ier olucte.
b) Catalyst bded tempersture sbou. that of reactor wall temperuture.
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scrintion of the P:ise Reacicr

The pulse resctor ves & 1/4-in. CD s%ainless steel wbde (¥ XA)
=LV tn. lar: and 0.02% in. vall thickpess. GSwagelok Tees vere fagteset
each end an<! che srwm of he Tee gerved as ar injectico pori. A rubber pesiuz
(GIC type) was held in ;lace by the fitting mut and e feed wve; injected
Wrough wlis septum Tom a gyTingw. A five inch length of the reaccor tile
vas surrounced ty a secandary furvace licer and ihe voole wvas heated by an
eiectric furnace, The secondary liner lad seven redial drilled Loles for
Werwoecupleg, and the holeg were located as shown in Figure ™. A screcatlc
diagrea of the pilse reactcr (s shown in Figir» 77,

All linec were (/h-!n, OD stairless steel wubing (No. 3C&). Adou*
28 {n. of 1ine Just pricr w0 the reecior ves wrapped with healing tape o
ccnstituted a gus preheater. About 8 in. of the prehestar secticn wag filled
vith quarts chips (10-20 mesh size). ‘

In the pulse reaclor system the carrier gas vas setered ‘Xrouzh &
rotameter (Figure 77) and passed through the prefes‘er secticn and ints the
Teactar. IThe exil gus passed into a manifold and then in%o the GLT., The
purpose of the man{fold vas to mmintain the ex{t gas gressure slighily
greater thar the gas pressure in the GLC. This wvas done by adjustiing the
pressure camirol valve and the vent valve. The marnifcld vas wrapped with
beating tape and vas main‘ained a¢ X2° 0 356°F. The injectim port
temperature vag abcut 450°F. The pressure ccrtrol and the vent valves vere
ceedle valves (Hcke No. 1315) and the GIC valve var a lever cperuted valve
(Boke No. 430).

, IO carry out an experiment the rescior vas drought to temperature
and the carrier gas flow rate, reactor pressure ard manifold Press.re vere
sdjusted Ty means cf the appropriste flow comirol valves. Then vith inert
gus flowing to the Cil a pulse vas injected through e lower injecticn pors
and rubgequently analyzed. This gave an analysis of the starting material.
A pulse vasg then injected in the top injection poTt, passed over the ca‘talyst

~and analyzed.

In this gystem the space velocit vas obtained from the lnert £
flow rate. Figure 78 shows the pulse reacicr system with the seccndary
furnace liner in place; Figure 80 showe ihe GIC analysis sysiem.

- o
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vegeription of the 1/Lk-in., CD Flow Reactor

In order to test canlidate fuels that are in shoret supply cce
section of our ladoratary dual rescicr gystem was modified in the foliiowing
zanner, 80 that l/k-in. QD resctor tubes cauld be used.

In cur labcratory reacticr system the furnace ia 26 in. overall
length and contains four heet!ng elemenis o lengths k”, 87, 87, M localed
from top 4 bottom in that order. The cuter gbell of the furnace extends
cne inch beyond the top and boittam of the heating elements. The furnece
consists of two hinged halves and opers lengihwise. Zach half eontaics a
heavy Meehanite liner with a groove down the center to bold the reacicr tube.
When closed the grooves form an openirg 7/8 inch in dismeter.

To 2odify the spperatus, a secondas, furnace liner vas fabricated
from a 7/8-in. stainless steel rod (No. 16), 13 inches long. A 0.25T-ic.
diameter hole wvas drilled down the center o sccammcdate a 1/i-in. OO reastar
tube, CSeven holes verw drilled redially from the cutside <o the center bole
in vhich thermocoiples vere cemented. The thermocouples vere 1-1/2 inches
apart and the tcp couple was 1-1/2 inches from the tcp of the liner. The
thermocouples were situa*~d 30 that they just touched the reactcr vall, This
secondary liner was placed in the Meeranite liners at the very bottam of the
furnace and ertended cne inch below the botiam heating element, Pigure 81
shovs the constructicn of the secandary lirner and {ts position in the furmace.

The reactor vas a1 stainless steel tube (No. 304) 30 incres lang,
1/4-1nch OD with 0.035" wall thickness. Rescticn was carried cut in the
lowerpartofthembemnbewpptrtseﬂedunteedprehuur. The
reactior vas furnsce-heated and a 13" long secandary furnsce liner surrcunded
the reactor tube at the reacticn zcne. Figure 81 shows the secandary furnace
liner and its position in the furnmace. .

The reactor wvall tempersture was meesured at seven points along the
tube, The points vere 1-1/2 inches apart and the top point was cme inch -
below the top of the secondary liner (F‘;gpre 81). The temperature of the
Teactor wall varied down the tube and igure showg the temperature veria-
tion for a furnace block temperature of 1oG2'F.

The maximum reaction rate will oceur in the region of maximum
texperature. Presumably the rate in that porticn of the tube whose tempers-
ture wvag 18°F (10°C) or more below the maximum temperature, did not comtridute
appreciably to the overall rate. Thus the "effective® volume cf the tube vas
that portion of the tube vhose temperature vas within 18°F of the marima well

temperature, and vhose volums vas determined fram s plot such s Figure 82.
The "effective” reactor temperature vas taken as $°F below the marimim
texperature, .
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Micro Cazaivet Test Feuctor Dnta

The micro catalyst teet reector (MICTR) and the cpersticral
techniques used for screening candidate catalyss have beer described in the
Appendir of the last Ammual Report.}®) No furtter changes have been made.
Catalysts sre tusted vith MCH at UHSV 100 and 662, 732 and 842°F, at 10 ata
pressure vithout added hydrogen. Figures 87 throwh 89, cf reference 18 show
the apparatus in detail, except for e changes notec in reference 6. It
has been found that more comsistent results are ocbtained if a fresh loading of
the refererce catalyst 5874-13% is msde each week as & base point for calibra-
ticn, rether than using the same reference catalygt tube over and over agein,
aince the sctivity gradually declines. Also prepared catalystis have been
regcreened 0 10-20 mesh to remove {ines after Lmpregmaticn and drying of
tle supports, and this gives more reproducible resulis.

oy s




AFAPL-TR-47-114
Port (11

Table 130, MCH SEOTSOCRATION VITY VARIOUS CATALISIS [N MICTR: S 677-013

Period:

Condition:

June-August 1963

10 a4m nressure; cat
20 mimutes at T26°F;
taken at 3,

each block ‘emperatire.
»3% diluted with 1.1 @l quart:z

t5 reduced {n Hy for

GiL a2amples noromlly
A~ and 13-mizute cperaticn &t

Catalyst Volume: 0.9 =l cataly
chipe; LHESV 100 {catalyst and Guartg parti-
cles 10-20 mesh unless cthervise noted).
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Meagurement cf Deoogits on Coker Tudes With Noclear Rxdia‘.i:n')

Presented hare 15 o summry o date of the results and hough’s
that have gone (nto ‘he applicaticn of zucleer redisticn as a tool far ‘he
evalustion of coker tube deycsita. Covered are the generl principles,
eleciron scattering thecry, prelizinary experivents, trial apparatis and
results, and proposed perrmnent {nstriment design. Ileciron backacatler
aypears 0 be the noet promisirng approech and ‘3 the method of prizary
cancers in the vork ;resected here.

Thiln Filn Measurepent With Muclear Radiati{an Genersl Principles

Thin f1iz meagsurement with muclear radiation zan be accauplished
ei'der Yy transmission or scatler of the rediation. The rroblen is o select
the best ‘ype energy of radistian and guidelines %0 zuch selection that
are available.5®/57) The depoaits of interest have a gurface density in the
Deighdarhood of 1073 g/cm® equivalent to an air path of cnly .01 cm. This
izplies an arrangemeni besed cn scatlering ruther than adgorpticn and the
probadle need of vacuum operation, Possible types of rsdiation applicable
in tbe presenti case are suzmmrized in the table below.

Table 13k, METHODS OF UTILIZING NUCLEAR RADIATION

Saurce Detected r

TP® | padiation |Radistion Operaticn Remarks

. Low scattering coeffi-
1 a a alpha backscatier |[cient, requires very
high izntensity saurce.

4 ve -
x-ray flucres . Possible method. Eff4

Tl ]t e SR e e et

3 8 [} beta backscatter Preferred method.
1Y 8 x x-ray tlumzce;ncu Sixilar to method 2.
5 x x x-ray backscatter |Low efficiency.

6 x X z-ray flucrescence | Low efficiency.

The conclusion fram this lis® is that eleciron scattering is pref2rred but
other fec'ors, not iisted, also lead o the same conclusion. Should an
alternative method be considered for investigution the use cf fluorescence
froo alpha bomtardment {s probably the mcet promiging. A transmissi-n Ype
of measurement is possible if raciocactivity is introduced, by plating for
example, onto the ccker tube, This method, suggested Xy E. Slegel, s

8; Acsnowledgrneat I sade to LUr. R. Curs.is of the Analytical Departzent fcr
this work.
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preferetle from ‘he point of view cf dessurement to any of those 1(3%2<¢ above,
bt the handling of rediocmciive tubes is & sulficlent delterrent %0 cxclide
the sethod,

leciron Backscatier Theory

An approximate description of the relative backscattered elecirm
fiux %0 be expected from s coating of thicimess x (g/cm®) o & bage of
effectively infinite thickness is given bty Tittle3®) as:

1 , =l (uyerg)x
R R e iy s o

The constants u, A, and B deperd upon the zsterials involved and the maximus
beta energy, subscripts 1 and 2 referring tc the coating snd dase respec-
tively, and 3 to properties of bdoth. From relaticns given by Tittle equaticn
{53} in the approxization of small x can te expressed as:

A Il Dl Sty RN

c.3

(- Bz

in which 2, and A, are ‘he atomic mumber and atomic mass of the coasing, Za
e atomic pumber of the subsirate, and E {3 the max{mum beta coerpgy in Mev, -
Appreximating the deposit compositicn by Z,/2;, = 0.56 and 2, = 5.9 cn an
slunimum (Zz = 13) bage gives

& - 0.2 - 3% . | (s5)

as the ratio of scattered to incident flux. The statistics of counting and
the general level of instrumental variables ig such <hat it is not practical
10 measure a crange d1/Io of much less than 1. Equation (55) then Fredicts
& Saximm energy of l.1 Kev in crder to detect a :hickness cnange dx of 10-®
€, assuming unit density for the deposit. Scme idee of the range of thick-
Dead deasurable with this energy is obtained ty equating (55) to zero wita
the result x = 3.107% g/em®. This prediction i{ndicates the need of a rery
lovenergysaxrcethaughpempcnotulcunslmi:meupecudnm
of thiciness (up to 10°¢ cm) is to be covered. Possible scurces thet are
aveliable are listed in Table 135. MNcne of <hese scurces is as lov in energy
as might be desired, but the least emergetic sources should provide a useadle

carpromise since even *4C is capadle of showing some regpanse 10 the heevier
deposits.
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Table 15, IOW ENTRCY EITA SOURCID

isciope | Half Life, Years | Inax., KevTRu:ge in Alr, em
21%py 21 17 0.4

> 2 19 2.5

oy 8s 67 5.9

14c 5700 155 26.0

Thouzh not immediately apparent, equation (54)  dicts that the
renclacenent of aluxizum vith agy De<al of higher atomic mumoer will produce
an increased respcnge %0 & given depogit, The Zethod deperds cn the
difference, privarily in atomic number, between coating ard dase. Thls
difference i3 not large vith aluzimum s0 that a success{ul ceeaguremep? in
this case asgures success with heavier ndetals.

Prelininary Experimentis

Ini<ial tests were aimed at angwvering ihree questicng: whether
operaiion without & vacuud wag feasible, whether %o nininize abscrpiim a
vindowlegs flow counter wvas rraciical, and what magnitice cf Tespcnse vould
be cbgerved iz praciice To this end & zuall caunter vas canstiructed
(courtesy A. Telfer) from cne inch brass tubing with a wedg? snaped end
opening approxiza‘ely cne . wide. As a saurce ®Ni, having a resscnable
penetration i air, ves utlilized in the form of he chicride adsorded cn x
strip € filler paper mounted neer the couner entrance., 7Testy were mmde
using & 3/16" alumimm rod covered with various thicknesses cf zylar i
and mounted 1/2 e¢m from the counter.

This arrangement vas unsatisfactory in severul respecig., Tne
Qifficulty, not unexpected, was a large dependence c¢f ccunt rate ypon counter
gas flov rate. 7This could be contrclled, Bit drift deyond this facicr
occurred that could not be accouated f{cr. Stability wag sufficient to show a
cnmt 4iffrrence for one £il mylar fil= byt was wheclly isadequate for ‘e
detection of depesit films. In shor:, it wvas ccneluded at vacuua cperstice,
vhich vould require a thin vindow counter, was necessary snd that a iower
enargy beta scurce was essential,

Trial Apperatus and P=sultis

The bell jar and :crepump porticm of & vecuer depositicn apperatus
vere utilized in the following neasurements., Feedihroughs in the base were
provided far piring the flow of coaunter gas, he hish voliage lead W0 the
dezector, and a slide f{tting ‘o vhich he ccher tbe cid be atached,
This slide fitting allowed <ranslation and roation cf he o ier “ube in
front of the sourcs and detector for scanning the depos!. Srea.
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A locally canstructed thin vindow flow counar:) vas ssed us
detectur. This window is expnsed via a 3/32 x 5/3" slot cut in a ooe inch
diadeter faceplate. The scurce was —ounted direcily cn tniz f1ce bt 1/
f5on the slot. The source itgelf wvas & 1,3 x 1/4° eectian cf a neutlsm
generator targe arranged with s rether sizple collizator Tachicred frm
slupinum foil. The source-to-scatterer and scstierer-tc-detecicr distance
vag 2.5 cm,

The sssoniated electromics ccngisted of v Baird-Atamic Model 530
Spectrazeter and Printer which provideg the nacessiry funciicns cf high
vcltage supply, pulse amplifier, digesiairator, counter, and tlzer. rigi-
nally the high voliage was carried into the vacuum to lhe dclector Lrough
a shielded cable, but this proved ursatisfaclory. Atte=cts s ahlelding eand
insulsting vere not sufficient to eliminate ~croma and discharge in 'Le vacuum
with resiltant spurious counting. A sufficiently hard vacuum 0 ellizinate
thig prodlem was not practical. Insteed, the high voltage lead and cccnectiam
to the detector were encloged in copper *ubing end srranged to resain st
atzogpheric pressure.

The beta source used produces as vell, sur= v-rays. Toes= caniri-
bite to the scatlered flux which is detected ard pr - * & background counting
rate even at atmogpheric presiure. As the air press. . .3 reduced, a point
13 reached where ihe mean frve patk of the scai’erad elactrans Is sufficient
for them 10 reach the detecicr and be counted. I¢ was anticipated wrat a
maximus count rate vould be reached at some pressure and hat this e would
recain constant delow this pressure vshers egsentially all ~lectrcng ‘oat .
could be scattered toward the detector would reach {t. Ins'.end, it was found
that ‘he count rate reached a mayinuy and then decreaged with incressing
vacuum. This maximum occcurred at a pressure of approximately 25 tcrr while
belcw 1/2 torr the count rate was indepencent of pressure. Apparently, as
the presgure i3 reduced there is a maximm in count rate wvhen the coker %ube,
beil Jar wall, and residual stoogphere all caniribute to the scallering and
further evacuation diminighes the ai> scatier acre rapidly <han the increaged
scatter {rom wall ard coker ube. As lang ap the pressure remains under
1/2 torr this presentis no difficuitv.

The ccker tubes used in this study are cf a ainiature variety, the
section of Interest being 2-1/2" long and 1/8" diame‘er between end secticos
cf 3/16™ diameter, The deposit generally covers anly a portion of the centrai
+ibe gecticn, being lightest (visually) near ane shoulder, increasing (n
dariness toward the center of the tube ana ending fairly abruptly to leave
apparently Lare meZal boyond this point. The scattered intensity msasured
along such & tube is shown in Fizure 83. Each point in the figure represents
a 20 second count. The scatter cf these points {rom s smooth curve is
primarily due to sietistical variations in countirg. The rate correspending
to an uncoated tube ig about 300 c¢/s, while cn the wider tube secticn beyord
the shoulder it is aprroxizmately 350 c¢/s. while the deposi® in this example
is a rather heavy one by visual ingpecticon there appears to t» auple seng!-
tivity in the bazkscatter response. This is particularly true considering
two sizple izprovements that could easily be introduced. The first involves
better collimation of the inzident bea flux to improve resoluticm of the

a) A. Telfer, "A Flow-Proportional Ccunuer for Soft x-Rays", Lreryville
Technical Progress Report 271-6k.
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Aegults with A group of coker twbes are given in Fi~ire EL. Ajaln
t t

a 20 gec count wag made at ~ach poind, but wish he lizited muizcer of o liiils

involved a good sprroximation to the proflle !s szqulred {n roupnly 3 ziz.

The w0 curves for each ga=ple are rcans alcny c;posi‘f, sideg of he iles.
en =

The horizamtal line %0 the right cf esch surve i3 as adlus .od rate of M0 ¢/,
Tris adjusioent was necessary tecause of‘ an unexplained 2-ift, peasitly
arising {rom the electircnics, which coulld be cerrected for °a\.h scan ¥
returaing to the starting pesition, t..v which is oore d4rficult 1o corree

for in going from tube to wWbhe.

Calibration points for establishing a thickness s-ale were ctialned
using =ylar fili and bty coating a tube with filze cf sol:ticn cast nitrocelliu-
logse. The zylar {{lx (1/8 =il) i3 apprcaching infinite ccattering thicaness
which si=ply xner\.s that the eluminua rod 20 longer cenirit.tes o the
acattering. At this pcint the count rate has dropped fram X0 o 200 =/s.
Reascnably cozgistent results were obtained with 1, 2 and LOOCA of fliz.
Applied to the five tubes {a Figure B4 this gives the [ollowing resulis as

shown in Table lé
1., .52, 2 (e \(, . 2i/e

0
-~ I‘QQ Q.31 )
(—J- + ....__E.‘T) (1 - e’zz/w)]‘

For Aiumimun base 2, = 13 z = {ilm thicikness, g/cx®
/
1. x |z, l1+2 /0
I, = 02775 * gx [‘\‘ k?os‘.—zf)(l me ) -
(;Z;‘; + 4,195 Z;°'°") (G-ZTIR)]

Camposition 2, T /A 2,0 1. %1/ 0 I <0) wmge’)
CH = 7.7uwg H S.€13 .S383 1.707 . 1309 1.91k -
CHa = g H 5,23 .572 1675 .1237 1.808 -2.0
CHO,25 = 23.5v4 0 6.18 .529 1.7%8 L1432 1.965 +L.5
C}s.os - u“ S 6075 -S}k losw -155} 2.&5 0}.5

me.ox - hc lv‘ Fe 601‘6 0535 1.781‘ alm L%S ’245
C!'{Pb,oog - 1. hu‘ Pb 60& .519 Lm 015” lom ‘501
n} Scaied with CH ag reference.
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Per I,
T e 3%, Q.
A s Avy at, wt, of coating
v =« wt, fraction
E = max eneryy of socurce, MEV
ap w D'ii—l
A e Ay
Tritium « .019 (zust be a very aoft source)
Table 13%. RESULTS C¥ FIVE COXER TURES
a) {sual
Piel No Max Count Max Fila Apprex Total Ratizgs
e * | Rate Decreage | Thickness, A® | Deposit, A® x cam vax | Avg
1 g5 ¢o/s s000 6000 7.0| 1.3
2 70 Ls00 TOO0 _ 6.5 | L5
3 20 1200 1500 4.0] 1.6
L S0 . 3000 Looo 6.5 L8
5 125 ‘ 8000 6000 6.5| L0

a) Multiplication ty tube circuzference (1.0 ea) wili give ioctal
depogit volume, .

There 13 little agreement with the visusl ratings. The scattering results
sre, of course, reproducible and independent of cpereicr judgsent.

The deposit composition {n calculaticns with equation (%k) wvas
aggused to be CHx0,2s. It can spproach CHO, -« and may contain up to %4
sulfur. Again the effects of compositicn charges in the deposit an the
scattered intengity can be estimated a2t less? roughly fram this equatiom.
The main effect from composition changes is in the aversge fcr Z. Starting
with CHo0, 29 and going to CHaoO, 2e5.0s, that is, adding 5% sulfur is equivs-
lent ‘o a 2% change in apperent thickness. The dependence cn sulfur or sy
Ather heavier element {s large, ag expected, btut film meaguremen: within 2¢
that does not depend an cocpositicn !s sti{ll far superior to visual estimales.
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Froccred Ingermimen’, Desim
pel

The resil:s ooserved above demcristirute the feagllility < .
baciscatier ag & zean3 of gquariitative messirement cf ocker tive depeci
Several conveniences can, however, be inccrperated in & practical inair

These nclule automatlic scancing and reccrding of the prifile and a comrenlent
vacuux assextly.

In respect %0 scaaning 1% zay be cavenlent (o in*erTriate or cveraze
realings around the whe circuxference go wia’ 3 cne-dizengicral sverge
salong the wbe length i3 cbiaired, This can te schieved 1o either of two
ways. with a point scurce and Aetector arrangesent a2 ratemeler output
the be can te rotated with a period less <han the tine ccrsiant of the
ratemeter vhile being trangiited slong {uws len~th. A xctcor driven screv
nction would achieve thie, T22 clftomm3ziive (3 W efiaupge Lulul Bouree and
cylinder {n ¢he fcrm of rings surrounding the rod., Accually, a triangiiar
arry would provide & sufficient sppraximat{im ¢ a cantimous ring. The
oain coet increaze would be {9 respact to three detectors. The source and
electrmics cost incresse ig trivial. In this wvay only a linear moticn need
be applied o the rample tube and ecceniricity is averaged out.

. Per the vac:= assexbly it may be mcost ccovenient o adapt a

P camercislly available apparatus involving a bell lar. But a smaller voluze
‘ would allow quicker pumping down and would be =zcre cormpact., This ~ouid ve (n
the fcrm of & tube sufficiently long for saczple translsaticn and cf perhaps
3* ID. An ixrterunal motor drive woild move <he sasple placed cn 2 suitadble

; carriage, Source and detectlor wouid tz oounted {n the zmid-section wall cf

' the tube with collimation on the source and cn the de‘ect'cr two reducs

' exiranec:s backscatter. Electricsl camecticns would then all be at a‘mes~

g pheric pressure.
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