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CalcUat1,cn Procgdurze for ,ach 8 -neine

S ta ta ic 1

Use the following f .=,las ftr Ref. 12 to calculate the inlet ares:

fn, (Hr)j

SIL 
V,

V...

Aj- (F/A)(o, (vI)

Umm~~ *Ia. .12

nn - .95

Hf - 12894 Btu/!bm fuel

At 100,000 ft and m = 8

T,= 40. 1 R

P, a 22.32 lb/ft 2

oo .. o996 l/*tt 3f

V, 8050.96 ft/sec

412 - 18894) (77If = (01

If - 752.23 sec p

Assume: L/D- 6

L 450,000 lb

D Fg 75000 lb

Therefore:

W. - 752.23

Wf 94.72 ibm/sec :ael

To Calculate the stoichiometric fuel-air ratio (F/A) assume the fuel is lCH
cVrted to H2 and C7He: I

.75 H2 + .25 C-,.,,, + 2.625 02 + 2.625(3.76)N2

1.75 HO + 1.75 C02 + 9.87 N2

The averne molecular weight of the fuel: 25.25

.268-

I
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F/A . (9.1 mole of nf;PI)(,r.2 Ib, 1 s. ecular weight.)
(9.cT + 2.b25 moile alr)(2t.95 i.k •ciecular veigýa)

*t Ar -, . ,Ir
tL{A - 069 Asstming L R L 10

A1  .w o9c 71. OW72 I Mo517

A, 169.23 f 2

Statincr 3.

Use the Dugger Equation for the total premsure drvp from Station 1
t3:

•t-1-
- 1 - T 7/27) "

p

Assume: nd - .959

"tthen
1.4 iJ&

((4 - - 959

(Pt1/Pt-) -• 6

From the isentropic flow tables at 4 - 8

A t 1  22.,2 lb/ft2

a PT-,. "(.000102)(144 in-7/7.•

P -t 1519 lb/in2

-289-
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P 348 lb/in
2

AaawMe:

Frm the ilentropic flow *ables at M 2.5

P3/Pt3 - .05853

P3 - 20-. lb/ATl

Aauce the enthalWy at 1 and 3 are equal:

(M.1 49. 1-4'Tý)2
"(31ht, a ht . h3* 2ge

ht - 100.32 + (24( o.-)

htL - 1394& Btui/lbm

By trial and err-r I T:3 = 2500

bt,3 - T32-33 + ((-5L91 2hta T3213 + (2) (32.2)(07b j

h-s = 1395 close enough

D3n(2o. 4) 1i4

L = .02 lbm/ft 3

Station 5.

By an iterative procedure calculate the heat transfer from the
coxetf area assuming 2000*R wall temperature and thus the total tempera- A
ture riae. Then using a Rayleigh line relationship the remining conditions
at Station 5 may be determined.

-290-
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First calc••!a'te the "lo are- and heat transfer ar-e:

m 03- V 01A1 V,
ip

V3 - (2.5)(&9.1))V?

v.3  614o

A3  pA, .,)('.6)(80 1

% A3 1-0 I.O 10.0 .- X- Kr2a- 169 - fr,

r 3 a 7.1. ft

'47raulic Dismeter Di

4 (io.o)
P* " 2,((7.i.) + N2( )

As3ume time for combustion and ixinýg can be acc=•piin in 2 uc - 002 Dec
and the av-,age veloc*it in -ie combustor !a 5000 ft/uec.l
The length of --he caWLs-s- r then is L

L- (.0o2)(5•00)

F=cMing a heat balance on t.he cmbustion area

C(hp, -hpo') - (hR' - h ' ) - q "-bpo

where: hR' - enthaJ of the reactarnt

hp' = enthalm of the products

hFpo 3- heat of combstio

q - heat frmfei2 per lbs fuel

Heat of combustion calculaticm:

b•p zC.o6 qpo CAS +/n (h,,e HS.mC... .938 1bm C-H./.lb. fuelIR 
-3 .062 1 bm I 2/I b f ute 21 -
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Peff III

[ '• F " ( . • ( -: o: o l ) + ( . 0 6 .2 ) (- 5 1 5 9 :

•.. hr.po -19,77Y. 5 2tu/Ibm f'e

T retrcants :

r>oC- 7H]-

S(hR? - *'•i rai:"%

*- -190e 0 "ib F e

hR' - (h h.a) ( h'o - ho

(h ho' nir (h. 0-5

a(,.625 4?.87') .' -

(h' - a )e I 6'i Bt/Ibm f%.-el

Asaume: Cg.l-,.66 Btu/Ibm OF

t =900 a

(h ho.' 66)1 (,) -M77

(ht *1 )r 1 - 631 Btu/1b fluel

hR' -h.0,' 8043..•Btu-/l• fuel

The product&:

Calculate •n•thal' of prodxucts as fnmctia of tempera e and
make plot..

Ca~iuent En -S%3 ooo n %ooor~ fi,-w ~

C02 1-75 03o 4y9231 791i 02o- I4k9J8 69677 i14881

H2o 1.75 .1-58 0o489 694o0 53327 858T1 5839 94,091
"329 - 3436 'K92598_

N2 9.87 7Y3M 9 2723io46 70080 7 87 4 63
!s14913 54i9591 6o17714 (hp' hPo' )t n6h

.t, Mr, Y -,
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h=c 26432

580 25833 s~ee plo am fo tatiq 5W tr'C T

1atmmte, of Fast a Traufr fa h mut

16~ Calculate demui~y, velocity, visoomity, Rm aide Mamber
Pksselt ?.zaber, correctim ecotant foar high velocit7
beat trnster, therml cmate*iritr, heat trtnsear
coefficienit, adiabatic wall temperatre en tho final
product, hI~.t, wheo" P is the wetted per~mteroo
Lt -tAw vS mntv 2000R, and histhe loAl beat
transfer coefficient.

5. Fran curve of h~t ve x cmslulato best tanefe!?ed;

q jzuL z

0-

6. From q and (h' -bo')p, Ch' b*h')1 and b calailate''
* ~t~merMUira at StAtIiu 5.

T . Return to 2 until t~marsturz used to caslcuat.w values
and calculated taipratzra ar equal.

* Statioz 3:
m - 2.5

T a2500'l

(P/n.) - .261.66

a(T/T-) - .3787

Asasua Ts - 5637.50R
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Poet II

(T/T-)s - .85•o0

I. -1.31

- .7"535
PS - (PIP- )S/(P/P- )3 P3- (.-70-35)I(.2-66•) (,20.4

x P T 0 v U Re . L mk: C Pl k

V 20.1 2500 o22 6150 3.4 1.T6 1330 2.50 .65 861.5 .C,,8

2 2•.0 3110 .C24 56.13 3.8 1.58 1-2o 2.o6 .75 952.5 . 56
b 35.6 3T7o .026 5200 J&.2 1.4.3 •220 L73 .81 NE8.2 .CoS2

6 3.3 yOT .027 qO7 4.6 1.30 'A"70 1.54 .84 982.8 .0685

8 51.0 5(00 .028 48,'2 4.9 12 1215 L.0 .88 10-7.6 .07h

10 58.-5 5637.5 .0213 .826 5.2- 117 l1110 L31 .89 97.9 .07,9-

* Extrapclated (based an air at 1w pressures)

z Pr Pr 1/3 A'd/T TAW ht h h

0 .73 .90 2.125 5312.5 3312.5 93.4 2.80 x 10'

2 .75 .91 LT7 550..T 350..7 120.1 3.81 x 10
4 .79 .92 1.55 5797.0 3797.0 138.0 4.1.7Ik 107

6 .90 1.0 I. U 6423.9 4423.9 151.6 6.07 x ;D?
8 Loo l.o L 39 6950.0 1,95o.0 16T.9 T. 52 x 107

10 L00 L0 1.'.k 7551.3 555,.-3 175.8 8.84 z "

In Uh above calcu.lations the following expressim were used:

o .P/RT where R 53.-3

V - PiJVLdP - 135.2/o

• . V Dn@ o

-k, t(Re,'Pr) frcm rxmI'4) erpres.s l: tofr turbulent flow as-ide
ceentrio am,"' at r-i/ro - 1.0 ýSe* F,'1-L 7,3) a

C -ro "aye Page 13.28 for affect of high veocity o StantUZ No.
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•Pw

TA~ir - 1 (7 0? w)~t lue= 0 ,, 4

At - (TAW TO• - (TIAW - 2000)

x.L I•
ag

*, -TAd~ - *.1 • -~ zocD

P a 2rj + 2* 90.5 ft

Then: q9.-j (h~c4)1 dx ThUis Xe erweeia is integrated

q - 5.5 5T x 10a Bt/hr

at -r joAI ..879 x 10'o lba/hr

q - - x.ik-6 zUI Bt/rta air

1. 1426 2 jr4
q' a - ---
q' " ° .0698

q - 1637 Btu/1bm fuel

Nw to calculate the combustion temperatre:

(ht b.01))P - (ht - hot) R q' "' o

( - ho, )p - &A3.8 + 163T - (-9W.5)

Ch". (i' - ho)p - 26115.3 Btu/Ib fuel

From curi in Fitay T3hi givm a tawlgatuv':

Ts - 5800"R Wahch does not agree with sswom , :. weasiam

Hwever, by plotting the calculated tempemrar vv the amumet
twewsture' we can find the point they are *qual in a*Witt= r plottiJe
the hemt transferred vs the amssmd tempemrmai we can obtain the actu*3 beat
trwnser at the act~al, tesperatu~r - see curves in iueT

Ts a g791R

This yields:S•hl •rt~d=: q' - 172T Btu•/lb =el.

-2W-
t '
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Thec (Tf,-.), . (.yTBT)

(TT) .8776r r nm Rayleigh lim ye get

PNs - -h

Staticm 6. f

Aswani: 1. Isentropic expansion fram 5 to 6.
2. As* 313. 58 ft; (D - 20 f t)

WA/A) 6  (A/A.) se
As 10.0

(A/A)e - 32.89

(P/Po)4s - .001538

Pe=(.001538 )(61. 3)
* 377

Pa .20 b/in

V - (5-28) (Ia9-i)0-1i7:

v. - 8W9. 48 ft/sec
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a.000571U lbo/tt 3

Ca1',u1atO Tr.=Bt, Specific Im'plme, and 0'vewel Eff icbe:

Thrut i me fgat. L- PjC.(4 A&,1

f ea + an EAsA2)

fln . 95

f.a 269( ?2.' +i2 22 ~

fe - 313-58(36-05 + *9Csa)*)(89T4

a, - 43110352 1.b

F9 a 41T.31o.9 - 342644.1.- 22-32(313.58 - 169.)

F& - 858,3322 lb

Specific IMPImse:

*f - 916r W e fe

If -

If 861.96 see

* Overal Ef ficiexcy:

no IfV
*f+v /gO

pegr
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(19706. 5..t% '-j - )7)

Estimmte of ieat Traufer Frcm I,,-ul.:

COmfider the nozzle below: (No+e: tihe vva.ues below am not the
final but a first estimate)

4o ft

771 t re 9.75

r'Ott

Flow Area:

re- r- 9.75 -7. -2.87T
2 .• 7.11l

tazi.2  2A-j .061T5 tan % T-1 .23T

*2 M3i

From & 0 to x 10 where rt re- x tan' 2  9.75 x (.061T5)

F r •-x 10 tox x Oh ux-rx. 2 -r- rb a (z- 10) tano=

At ~(x 10).237S...At Ab
Xv a h•o- x

xt Z rt At rb At, Ax
40 0 9.75 298.8 0 0 298.8
30 10 9.13 262.0 0 0 262.o
20 20 8.52 227.8 2. 3.r 17.6 210.2
10 30 7.90 195.9 W.Th 7o.6 125.3

5 35 7.60 18.9 5.92 1o.- To.6
4 36 7.53 178.0 6.16 119.3 58.7
3 37 7.47 175.1 6.40 128.6 1.6.5
2 38 7.40 172.2 6.61 138.3 33.9
1 39 7.34 169.3 6.87 118.4 20.9

-298-
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assuming Lniml.ro eaz"pW . to eah Po. ut:

(/e a 7 .1096TAs (fta)

Th in yields a Mach Number fro Jmtr• ici ?rl T'•bl.

-Z (T/To.I1  s (T/To)x 5665. 7527.5 (T/To)x (*l)
(Tl~os T26rox•J+

r / - (/) :, /O. -5 74 (P/Po)1  (/ 2)Px "P/PoT5 P5 .1T(P/Po)x

vx - ,s.i-V/i (rt/,ea)

Px 1153

01 - 53.51 t' "2.7r P1],?' (iJm/r' 3 )

z (A/A-)x M (P/Po) 1  Px (T/To)x Tx Vx ox

1 2.292 2. 5 .071 12.38 .A5 355 6851 .009 16 X 10'S
2 3.718 2.86 .o3 5.68 .379 2815 71451 .005" 3.93
3 5.10 3.20 .020 3.51 . 238 2 TT,0 7715 .oo0T 3.68
4 6.44 3.45 .o014 2.34 .290 2150 7855 .009k 3•.7

5 7.7. 3.64 .0108 L81 .274- 2063 8118 .0 3.6 3.10
10 13m.7T 128 .0050 .8% .MO 16 8552 .00136 N.07
20 23•.05 1..90 .00213 .356 .172' 1291 8651 .00D7.k 2.75
30 28.•3 5.10 .00165 .276 .160 1200 867T .0006 2.66

.0 32.89 5.28 .00151 .257 .151 1160 8831 .00060 2.62

Assume the heet transfer relaticn is t•tu loent flw flat plate.

"Nu " C('332(Pr)S(ReX)3J2 ) " •CJ.

Rex 1  l a a. oarrecti±n acatant for high o.~d
e flw •r CASu,• p. 13.28)

h . .k (Btu/brr-t 2-'p)

X1 RJe R/2 Pr Pr/S 3 i. a six k h

1 1. 475 x 10 L214.x io1 .83 .9k 378.9 -7o 265 .065 17.2
2 2.06 1435 .76 .91 433.5 .63 273 ,058 7.9

3 2.34 1.530 Tk .90 45T.2 .58 265 .05k 4.8
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1' o 4,/8 Pr p" '' We a' I k h

4 2.66 1.63 .T3 .90 M87.0 .55 268 .050 3.

5 2.82 1.68 .7-3 .90 502.0 .54 271 .0c9 2.7

10 3.79 L.9J6 .- 1 .89 575.0 .45 259 .0o4 1.1

2o 4.66 2.16 .70 .89 638.2 .38 2103 .038 .46

3o 6.06 2.46 .70 .89 726.9 .37 269 .037 .33

ho 8.o6 2.84 .696 .89 83o.2 .36 3 .036 .27

.. (I + Le -)

r.- Pl/

&t TAW -T - (TA- 2000R1•)

P - 2rt + 2xrb,

zf TAW P hFlt

1 7184.8 5i8Ja.8 89.3 7.96 x 1o0

2 6959.6 4959.6 88.2 3..6

3 6909.0 .909.o 87.1 2.05

4 6756.3 I1&56.3 86.0 1.39

5 6983.1 40983.1 84.9 L 14

10 7516.3 5LI6.3 79.. .• 47

20 6886.4. 4W86.4. 68.4. .151..

30 6818.2 4818.2 57.1& .091

.0o 6981.o A98Lo 6L3 .082

Then:x'i0
*N 41' (hMt)1 dxt

Integating grp•IOS14 rrc mre or x' vu .•,t in
Figure 76 we get,

qNf - 17.8 x 105 Btau/hr
4.879 1 los

hr

-300-
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qNX 9.T97 Stu./1bm air

10o a (fi.1/21a air

-301-
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5000 I
I

I
I

I
I

I
I

I/
/

. COz i. 75

450001

16 20 74 2832 x103

FIgu 72. EtNTMALI•Y OF PR.ODUCTS OF COMABUSTION

-302- 649'87
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Table 122. h'fMOGLXATION O M OM uoP-RUM6

Pressure: 1 eta
Block Temperratu: 542 F
Catalyst Volume: T al
Reaction Tim: 30 alnutew

Ru No. 11325- 85-1 85-2 86-l 86&2 87-1 87T

!UMV 5 15 30 50 80oI

Catalyst Bed T77.-70 671 655-58 686-729 759-824 824
Profile, "F 813-10 705-02 646-57 640-657 673-761 794-822

831-29 752-50 668-67 644-51 650-89 705-761
823 779-714 689-87 657-55 6 )8-6 678-720a)

Reactor Wall Temp, "F 831 779-76 643-47 638-47 750-90 8C2-28

ATMX, *F -4 -5 11 k3 88a) 31a)

Product Anialysis, w
Benzene 0.1 0.0 0.0 0.0 0.0 0.0
MC7.1'. 4.8 'K3.2 51.9 70.9 81.5Toluene. 92.4 95.2 66.8 &5.1 29.0 18.0
Otrsb) 0.1 0.0 0.0 0.0 0.1 0.5

?C camversi, , %r". 92.6 95.2 66.8 4515 29.1 18.5

a) Cold- spot moved down the catalyst M
b) Enrd after MCH and after tolu•em.

-*3'
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Tab le 1M6. MffMLaNATIC-s CF ME1 OVE It P- r

Preseure: 1 az
Block Te=perature: 242F
Catalyst Volume: 7 =1
Reaction Time: 30 =L"•,es
Catalyst No.-: 102C•0-4

Pan No. 11325- 81-1 81-2 82-i 82-2 83-1 83-2

LHV 5 if 30 50 80 ix

Catal•st Bed 776-72 686-82 669-76 685-743 776-815 819-21
Profile, *F 817 732-27 689 687-707 T29-90 8o6-24

83 165-61 T71-09 696-707 716-66 786-819
837 795-92 7T1-39 T18-22 720-5 r 72-812

Reacto- Wll Temp, "Y 831-28 781-T6 750-52 747-61 770-810 81T-831

ATmex, "F -4 -5 *7 5e 6?b) 4ob)

Product Analysis, $w
Benzen 2.1 0.3 0.1 0.1 0.1 0.1
MCH 2.2 12.8 14.5 63.7 82.4 92-5
Toluene 95-7 86.9 55.2 35.8 16.7 4.-9
.r) 0.0 0.0 0.2 0.4 0.8 2.5

MM Camvers-cio, $w 97.8 87.2 55.5 36.3 17.6 7.5

Selectivity forTo•uene-, % 97.9 1 99.7 99.4 90.4 94-.5 65.3

@77ei H and after %oluene.
b) Cold spot moved down the catalyst bed.

-511a
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Part III

Table 127. -rEHV!ROGMTICN CF M. O ' 10860-1.i4C CATAI.ST

Presvure: I ata
Block Temperstae: 81m*F
Cata•3yst Volume: 7 a1

tion Time: 30 ainates

h.n No. 11325- Ti-1 74.-2 75-1 75-2 76-1 76-2

Uyv 5 15 30 50 80 100

Catalyst Bed 759-61 640-35 619 621-26 635-37 644--5o
Proflue, "F 815 689-82 632-30 621 619-21 621-23

833 750-43 660-57 633 626 626
837-35 792-84 691-89 658 644 63T-35

Reactor Wall Temp, F 831 770-66 30-28 718 711 709

&Tmax, "F +2 -8 -3 +5 4.2 +66

Product Analysis, %w
Benzene 5.-4 0.5 0.1 0.0 0.0 0.0
MCH 2.2 L7 26.8 Ia7.2 59.6 65.0
Toluen 92.A 97.8 73.1 52.8 340.J1 35.0

MCH.Ccversion, %w, 97.8 98.3 T3.2 52.8 340-.. 35.0

II
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Caals 'll=: 7a

.'ibI, 2'?. Z Xbor .-AN7 c' •V. c',•'I Y063-llk8 CA7AZLZ.Y$,

CaAea-ie Tim: 3 2 =, o

699
Catalyso. Bd. 7615 69 13-6 --, -i 8-8

Pm- ?;e 210-OAL 712-07 67 72-7-717Z?
.ý It 1 96-rr

I p

"".., r-29 -.ý -,9 r8 -z •o6 ý4-' -'

S0.8c 0.2 o.. 0 0.1 0.'. 0.1
i 0.8 10.3 ".3 62.2 3 81.3
Toluene 98A 89.0 55.6 37.7 26.6 18.6

M Ccov-rvisc, %W 99.2 89.2 55.7T 57.8 26.71 2..7

* l .ta2jst t- I

U 1
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p

Tablm 29 R AT cir wc~ cm- l0w60-M1AAI

Pr.wa r ,: 2, atm p
B'ock Tp,•,e ..e: 8',"'r
Ca ta.2 yt. VoI1LU: 7
Rectionu T-m: 730 &it"

.h, go. .1325- 189.1 9-2 78-1 78-2 T9

Catalyst Hboldrz 200 SR 10660-!13A

,EV 5 15 5 15 30

Ca yst Bed T5 6705833 763-58 7,25-68 82Ih...7
ProfUee, OF 801-799 7,0031 80. -T97 7S.50 7 O7-833

&2-6-21L T-8 30 -2 "1: -58 771.8
833 770-828 831-28 78"797 70T-811T

Reactor iiaU Temp, OF 826 T83-838 82L4-21 788-9T 820-837

,:.aO 2 131 -T 43 b)

* ~Product Analysis, $wi
Benzene L 1 0.2 L. 1.2 0.1

1.7L 59.3 I..8 )5. C 88.3*Tcluene 96.9 311-1 93.5 64.8 10.8Ot-hersa) 0.0 6.2 0.0 0.0 0.8

COneruion, j, 98.3 40.6 95.2 65.0 11.T

"Selectivity for 98.6 84.0 92.8 99.7 92•.3
Toiluene, %W I
a) Emerged af•ter mi, af er e . ter: olie•.
b) Catalyst bed temperatIa• aboz, that of ,eact.Cr wan teampeatr,-.
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p

'100,er;i~t of t, .he P,'I Reac-c

The pule ro-etor was a 1/4-in. CD sitainless steel tube (, .')
9-I,% In. lr.-: and O.02e Ir. wall thlckness. 3wo-elok Tees vere ,astArned a.

ac!a ebd and cre srm cf he e* serv-d as am in-ecti pcrt. A ruber s_;i p
iGon t"ye) was held in ;laee .y th. iting at "h d rzin eer v•s
ttxtug 1this aewFtaaa 1'cu a syij.A fivv in-ch lenr~jh oC '*-*A r?5c.C?
wus wnr Ided bY a swec r yeri.-nac* Ilie and 41e vnole was heated b7 aa
*9emtrie flu~amce, The secaxnary liner ý~ad eveon radIa&l drilled hol'*0 P=o
tteruoemm v "?~a the ho le were located as abovn In sic2 A scriLnst tc
d!asa" of the Pua*j rtactor 'As abtc.' In 7e7.

Al. 1L.- ec were gl/taizless a•teelol (mo. 304)I. Abat
28 i=. of line juast prior to hin reactor ~wras ped eit-h . estigrj tape ll
OCONUUated a gas prhv•ater. About 8 in. of te preheater secticz w, s filled
withi quarts chips (10..20 mot uize).

In the Pulse reactor ss•e the crrier gas as metered ar
rotmtr• (Fi"reL and passed th•rtra4h the preheater sectiona and in*-; tre
reactor. IeS exit.a passed into a g aL' iold an d thn oe Gz.o.tLCo G e. 7he
APurOe of the U•eoe4 wag to maintain the exit Os pressvire o~ig t aj
greater than the gas pressu"re in Vhe G•C. This was done by adjusting t!e
pressurze ecctrol valve and the vent v~lye. Thýe manifclcd was: wrapped w~iln
beating tape and was mai~ntained at 3C* to 3,56'T. Th",e lnjec~Lim port
to~erst~art was about 4500F. Tkhe pressure ccetrol and the vvnt malkes we're
needle valves (Hake No. 1315) "n the GLC vale war a lever operated Ml"-re
Diask N~o. 490).

TO Oarry out an experiment the reactor van brought. to tempratu.re
and the carrier gas flcw rate, reactor presatre ea nifold ps . were
adjuarted by means of the ap-proprixte flow control Ytlves. The-n v4,th injert
gPS flowing to the OWZ a pul3se was injected thrcugh ¶tno lower injection port
and rubsequentl~y a:nalyzed. Lhis gave an analysis of the starting material.
A Puls. was then injected In the top in~Jectio port, passed ovvr the catalyst
and ana~zed.

In tkaiz sstem the "pce velocit-, wasa obt.ained from the Inert gas
flow rate. Figure 73 shows the pulse reactor 3ystem with the seecadary
fuzmet liner in place; Fiue8 shownu the G:Z anal~ysis system.

_31S-
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*scr!ption of the 1/la-Li. CD r"ow Reactor

In order to test csn-Aidate fuels that are In short rsupp7 cce
sectiono ot cir laboratory dual reacicr systam was modified in the foii-1.ng
manner, 0o that I/I-i OD reactor lubee could be used.

In our labcratory reactor system thbe Nurnace is 26 ir. overall
length and contains fou beating elemcnts of 2.ngths 40, 80-, BI', 4N located
fro top tC bottom in that order. The cuter shell of the fiurnac ex*.•ds
one L:ch be7yad the top ard bottom of the heating elements. The •-•c*
ccsists of two hin•ed halves and opens lengthwise. Each half ca•ir•a a
heavy ,eehanite liner with a groove down the center to bold the reactcr tube.
Mien closed the grooves form an opemizg 7/8 inch in diameter.

To modify th apparatus, a secccd, furnsaee liner was fabricated
crew a 7/8-in, stainless steel rod (mo. 416), 13 inches lon2g. A 0.25T-In.-
diamter hole was drilled down the center to acc ate a i/.-in. CD reactor
tube. Seven holes we". drilled radially from the outside to the center hole
in which thermocoaiples were cemented. The thermocouples were 1-1/2 inches
apart and the top cople was 1-1/2 inches from the top of the liner. TheSthermcouples were uitLao so mthat they Just touched +he reactr wall. This
secondary liner was placed in +.be Meb.nite liners at the very botto of the
fUrnace and extended one inch below the botxm heating el nt. Firel 81
awhi the construction of the secondary lin•er and its position in the furnace.

The reactor was stainless 8steel tube (No. 3o0) 30 in as long,
l/4-inch OD Vith 0.035" wall thickness. Reaction was carried out in the
lower part of the tube and the top part served as a feed preheater. The
reactor was fu-nace-heated and a 13" long secondary fumrace liner rrri
the reactor tube at the reactin zone. Firzre 81 sbowg the secondary furnace
"liner and its position in the furmace.

The reactor wall tAmperature was Measured at seve points along the
tube. The points were 1-1/2 inches apart and the top point was oce iwh
below the top of the secondary liner (rigure 81). The temperature of the
reactor wall varied down the tube and F-- shows the temperature
tioc for a furnace block temperaturxe of 1202'F.

The mxi==a reaction rate will oc=r In the region of mmzlM
temperature. Presumably the rate in that portion of the tube whose tempera-
tur wu lBF (10c) or More below tse mMziaM tqera•tx, did wt contrib4te
appreciably to the overall rate. Thus the "effective' volume Of the tube was
that portion of the tube whoee teperature was within 1838 of the maxiUa wall
teerature, and whose volum was determined frc a plot such u.s FiMr 82
The "effective" reactor temperature was taken as 9"F below the milan
textperature.

-323
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Part III

micro Cata!i,yut Tsst RePacto? Dtat

The micro catalyst toot reactor (niCm) and the Operution*1
tee!%nLiqes used fci* screening Ca~Mids". catalysts have been described in the
A;;pendiY of Ule last AzriA.1 Report. 6) No futher charwf6 hav benmae
Catailyst are- U~vted with IMV1 at ucy 1= and 662, -52 a" 842'F, at 10 atm
pr.ssux'e wmlt-oýt added tydr-Ogen. Ftg~ir" 8, hrc- 8 O, ot r-ererence 1B Shcw
.ke ap-,armtus in detail, except for the =nes ncted In roferenCe 16. it
has been found that core consistent results are obtained if a fresh loading of
the ref e-Ar-e catalyst 987T4-139 is made each week eas a base point f~or callbra-
tion, rather Uhan using the same ref~erence catalyst tube over and over aspin,
since the actirity' gradually declines. Also prepared catalysts have bveen
rescreened to 1-0-20 mesh to r--ove fines after Lirro1Aticn and drying of
tie supports, and this gives more reproducible results.

326-.
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P=1t III

Period: june-Auguswt 1,?68
Condition:10 sit= nresmure; catAJJyets reducod in H,; far

Con~t~n: 0 mnues at 77?6"F; OWC moples nrtril-I

taken at 3-, '3-, and 13-aimute OPe rstion at
ellch block e'rt.

Catalyst Volune: 0.9 --1 cata".,-gt diluted with 1.1 al quartz
chips; LTZ7 100 kcatalyst and quartz part i-
cles 10-20 mesh unless otberwis. noted).
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I

,48%."- ""ent cf x-I-t* an Coker 'r %;b -h V. I.c1eqr a,!atI.•'

Presented h4r, In a rs17 to date of *-.he r-iru-1ta and tcijte
Sthat have 9 into the application of nclear radiation as a tool for the
e"luatLOn of Coker tube depcsits. Covered are the ene.el pr. c .ples,
*eec*tr sCattering thecry, ;rel"alry experizente, trial aSWptz- "d
r'esltav, and pToed pn-m.anent atz-rent design. Electr-;n backsiatter
a-PPeaz to be ,he Qet prczising apprcch and is the method of prina-y
c moern in the ycrk pr-sented hre.

Th_.n FPm Me~rumont With *&clear Radiation GC4nertl Principles

Thin film measurement with nuclear radiatio zan be acca.plished
e ther by transission or asatter of the ridiaticn. The problem is to select
the best ype a" e:ervy of radiation and guidel-(es to such selecticn that
arm available."e)") The deposits of interest have a surface density in the
neighborhood of i10- F/=2 equivalent to an air path of only .01 c. --his
izpIe an aWrrfgemen-. based an scattering ruther than absorption and the
probable need of vacuum operstion. Possible t4ypes of radlation applicable
in the preent case are suVmrized in the table below.

Table I1*. ","TH-r7 "?F UTI.TNG N!JCLEAR RAZIATION

So=rc DetectedSouIe Dteced Operation Remarks
Radiatirm Radiation

Low scattering coeffi-
a a alpha backscatter cient, requires very

high intensity source.

x-ray fluoresce= Possible method. Effi-
2 in coker tbe ciency very dependent

on tube metal.

3 i I beta backscatter Preferred method.

x x-ray flucreacenct Similar to method 2.

5 z x x-riy backscatter Low efficiency.

6 X x X-raY fluorescence Low efficiency.

The on-clmsicn from this lis-. is th•t electrz scattering is prefzrred but
other factor-, not listed, also lead to the same conclusio. Should an
alternative method be coteidered for investigation the use of fluorescence
from alpha bookardment is probably the mct prmaising. A transmias3lu fpe
of measurement is possible if radioactivity is introduced, by plating for
exam-ple, onto the ecker "tube. This method, suggested by F. Siegel, is
a) Aciowledgt•LaT i made to Dr. F. Cur is cf the Analytical De>parent for

th work.
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!refereble from the point of vi" f msa=remant to uq of those Azjatd . above,
b.t the hwndline of radiacctive tubes isa s•uftiiect deterrent to excxlde*
"the mathod.

Eloctranx Backscatter T~w-or

An approximate description of the relativ beckscattered eec.tr .
flxto be expected from a costing of thicn~ess z (g/CW2) CC a base of

effectively in-finit. thickness is giren by Tittle-") as:

10_ (53)

The conta u,t and , depend up the materials involved and the aai;iAbeta energy, subscripts I and 2 referring to the comting and base respec-
,ively, and 3 to properties of both. Fr-m relations given by Tittle equation
(531) in the approximation of small x can te expres'ed as:e 31 + , e )j

0 144 [i lob~ + "

a + e "
A, 106 + Z2 a.

in which Z, and A, art the atomic number and atomic mass of the coating, Z2the atomic number of the substrate, and E is the maxim= beta er•y in Mev.
Ap-Prximating the deposit ccwpositi= b7 Z1iA/ - 0.56 and Z, = 5.9 an an
alUMinum (Z2 - 13) base gives

. 0.28 (•5)

as the ratio of scattered to Incident flux. Th-.e statistics of ccating and"the general level of inst-mental variables is such *-at it is not practicalto measure a change dI/10 of much less than 1%. Equation (55) then rpedict-s
a maximu energy of 1.1 Kev In order to detect a "hickness cna e dx of 10-6cL, assuming unit density for the deposit. Some Idea of the range of thick-
naa measurable with this emrE is obtained by equating (55) -to zero withthe result x a 3.10-5 J /gC. This prediction indicates the need of a -erylow energ sorce thouh pertaps not as low as 1 Key i, the expected rwazof thickness (up to 10-* cM) is to be covered. Possible sotwce that areavailable are listed in Table M•1. ke of these sources Li as lo in energy
as might be desired, but the lesas energetic sources should provide a useable
ccmpr:ise since eve 'LC is capable of showing some re-pinse to the heavier
deposits.
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-l l'k5. LOW fN-M-,Y =,7A

'sctope Half Life, Years M=ax., Key Range in Air, cm

a2OPb 21 17

" 12 19 j 2.5

85 6T 5.5

"%C 5-0 155 1 26.o

Thouh not Lmediately apparent, equatim (54) dicta that the
relacement of aIlinum with ai~u metal of hIgher atomic micer will prcduce
an increased respcane to a given deposit. The method depoiis oi nhe
difference, prinarily in atomic .mzber, between coating and base. Th'i
difference is not large with alum•im so that a ruccessful nAeeurem-t in
this case assures success with heavier zeuals.

Prel!='-.•a•y rperiments

Initial tests were aimed at answering three questions: whether
opeati±n vitht a vaccuu was feasible, whether to minimize abs-rpU..' a
windowless flow counter was ;-cti'-ial, and what magnitte cf respcns' wv4d
be observed in practice To this end a saLll counter was cmstruc'ed
(courteiy A. Telfer) fro m e _-ch brass tubing wit-h a wedg? sraped end
opening aprox=el, one = wide. As a source "IM, hýav•in- a r-ee acnable
penet-raticn ia air, was utilized in the form of t--e chloide adaorbed = h
strip of filter paper mounted near the o -.ater entrance. T.sta were a=de
using a 3/16' s rod covered with various thicknesses of :71ar film
and mounted 1/2 cm frm the counter.

This arrangement was unsatisfactory in several respects. *n
difficulty, not unerxected, was a large dependence of ccmt rate upon cod.ter
gas flow rate. This could be cmtrc11ed, but drift bey~on this !actcr
occurred that cctad not be acccoted for. Stability wa suffrclent to shcv a
c!,n't diff-ence for one ail =1ar fil- bkt was wtclly inadeqate for the
detectiou of deposit films. In short, it was cncb-.ded "Jat vactr= cperaticn,
which would require a uhin window counter, was necess ar t.hat a lower
en@, beta source was essential.

TrIal Apparatus and P.-ýsulta

The bell Jar and :cremp p•crtio of a v-.r= depsiticm ap--aratua
were utilized in the following meav-;rents. Feed• hrot.Ls in -.ne base were
provided fcu piping the flow of counter gas, Uhe hi± voI a'e lead to Ve
detector. and a slide fittine to vhich t-he ccker tube cot.id be attached.
This slide fittSng ailcled translatzion and rotation cXf *- . :4e- "ube ti
frmt of the soures and detector for scanning the depol. Lea.
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A locally cnst.ructed thin window flow counter"') Ws -seBd as

detector. This window is exposed via a 3/32 x 5/8" slot cut in a inch
diameter faceplate. The source was cunt-.ed dir-ctLy cn .r,:.2 ftce abolil 1/40

from the slot. The source itself was a 1/3 x 1/," ,ection of a r•.-t-a
generator targe arran~ed with a rather slzple collimator fsrhlcr0i f:r"
al-minum foil. The aource-to-scatterer and scatterer-tc-detecto" distanc*
was 2.5 cm.

Th",e ess-t.ated electronics consisted of % Baird-At~mic 'od'-l 530
Spectrometer and Printer which provides the necesstry nMctlm . f high
vcltag-. Tpplj, pulse ampliLier, diacrinirator, counter, and timer. Irigi-
nally t-he high vultAge was carried into the vacuum to Uhe dctector thr•2j

a shielded cable, but t-his proved unsatisfactory. Atte--zct at ahieldJzn and
SirnuIvti-g were not sufficient to eliminate cran and discharge in the vactn
with resultant spurious counting. A aufficiently hard vacuum to ellizinst
this problem was not practical. Instead, Uhe hbLo voltage lead and camwetiCo
to the detector were enclosed in compper tubing and arrnged to rxmin at
a tospheric pressure.

The beta source used producei as well, st v-rqm'. eý caz-1
bute to the scat:ered flux which is detected ard pi a b* cigrc4 counting
rae e-yen at atmospheric preszure. As the air press.- a re•u-ced, a poict
is reached where the mean free path of the scattered electrms is &uffic iet
for thm to reach the detector and be couented. It was anticipated that a
=axi-- count rate wo.ld be reached at scme prossure and '.hat this r-ate wul4
rL in corstAnt below this pressure dherc essentially all -lectrans "'U.t
ould be scattered toward the detectr vwuld reach it. L-we-id, it was found
"that the cont rate reached a maim and then decreased with incressing
vacuum. This maximum occurred at a pressure of approxim•tely 25 *crr while
below 1/2 torr the count rate was independent of pressure. Apparently, as
the prescure is reduced there is a mzixm= lin count rate when the coker tube,
bell Jar wall, and residual at-znopherc all cantribute to the scattering and
furtlher emacuation diminishes the air scatter more rapidly than the increased
scatter from wall and coker trbe. As long av the pressure remins under
1/2 tori this presents no difficui-v.

The coker tubes used in this study are cf a mInlature variety, the
section of ;nterest being 2-1/2" long azd 1/8w diameter between end Sectins
of 3/16" diameter. The deposit generally covers only a portion of th cietral
tu•be section, being lightlet (visually) near one shoulder, increasing Lu
dariness toward the comter of the tube anw ending fairly abruptly to leQv'u
apparently L.re metal 1.!yced this point. The scattered intensity asa•ure4
along such • tube is shown in Fr 83. Each poiut in the figure .epzeUt
a 20 second couant. The scatter of these points fro a smooth curva is
primarily due to .. istical variations in counting. The rate corresonding
to an uncoated tube is abcut 3W0 c/s, while on the wider tube section beyu4th hleri sa]ciWel • / . ile the deposit in thi example
the shoulder it is qpi imste.lY 350 c/s.t in thie exail
is a rather heavy one by visual inspection there ippears to !ý a:ple sensi-
tivity in the baakscatter response. This is partocularly true considering
two simple improvements that could easily be in-trcducted. The first involves
better collimation of the Incident beta f'l:x to izprove resolution of the

a) A. Telfer, "A Flow-?c•portional Coun,6er for Soft x-Rsys", Lmrrivlle
Technical Progress Repor% 271-64.

-339-



I.. . . s .ct rtt Y.n r iate i 3 10J-A tC c w r * ~ t - ?

R.es,;1ts wiitah R grc'ip ^. coktr t-.b'*s are giT"n in r~-- it4
a20 aec c cl win t*(, ra d e a t - a cn pc 4-.t $,, bt w 4, the .nt,-1 zie r f~ -'-'.

inoyda codt th pr-rl I.z In** n#-zn =L-

T~he two curves for each s~nea=, Lzan acc0s-~ee f
The hcrizcital lIIne to the ri~ht cC escb, c7ý-.r-e Is an ds.' rate -,f i" Z,.;.
7',-s adjustment was mecessa:-y becotuse or an -;z~ex;1ained -,rift, Possibl~i
arising from t-he electro-nics, w~hic-h coull b-e cccercr -Sch scan t7
retu.rning to th"e st~ar-ti-g cLin :;whic-h Is =re d~rf~c-.1t to ccrrýct
for in going fram t-..be to tu~be.

Calibration points for establishing a tulilc~ness siale we.-- cttalned
using ýYlar fil.- and by coating a tube wit-h fl;2nr cC cf to cast
lose. Mae =1lar fil.- (1/8 =il) is sppi-cachL-.g 11nfinte, scatterling. t6-1-ineSO
which si--3y mea.ms t.hAt the almnmrod no 1=ner cortrib~tes to t!he
scatt~ering. At this -pclnt. the co~nt rate has A fron 500 tc 2C0 /s
Reasonably consistent results, were obtailned it-hl 1, 2 and 4oOCA of flz
Applied to the five tubes in Figure 82 this dives tlie f ollow'ing ns-ultz as
shownl in Table 16.2ý

-OQZO.31 Zk1 zi.

For Alrianim ba~se Z2 = 13 xa filmthickness, g1=m2

0- ..27 .15 +

"A -1  9 Zio.3" (0~-2ria&

Mapsition ZI ZA, ZI,0.3 1 I e-ZL/40 [<f1)
CH -7.74w% H 5.613 .5383 1.70 .1OT -309 L 911&

Clii a 14&w% H 5.28 .572 1.675 -123T 1. &Q8 -2.0

CHO. 2  - 23. 5w1l 0 6.18 .529 1-.7q8 .1432 1.9,65 +1.5

IZ05 -llw% S 6.75 .53 1i 1.808 .1553 2.005 +3.5
C!e 4~. 1" Fe 6.4~6 .535 1.7184 .1419P l985 +.

CM ! . 4w,% Pb 6.61& .519 L1.98 .1530 1.997 .3.1j n) SrA led witn CHi as reference.



A I A7 2-,7 ''A

P.,e

A - Ave at. wt. Of f'O-^9

w u wht. fractioni

E - myx energy of scairce, PJTV

Al A,1

Tritium - .019 (must be a very Xgft sou.-ce)

Table 136. RFSJLTS CM MIE 71?! T771

Visual
Pe1N. Max CIOc Max F .ilm Appr"x Totalaj Rnatl=#

Pzel No. Rate Decrease Thickness, A* Deposit, A* x CM , Aig

1 85 c/s 5000 6000 0.0 L.3

2 70 45oo Tooo 6.5 1-5

3 20 1200 1500 4.0 L 6

S50 3=00 000 6.5 L8

5 125 8000 6000 6.5 L0

a) Miti:plication by %uie crcn.-uferenc e (1.O cm;. v. wl e ta1
deposit volume.

There is little agreement with the visual ratings. The scatterizig result
are, of course, reproducible and independent of operaetor ludg-ent.

The deposit €c•position in caIculaticcs with equatico (!-4) was
asm=ed to be C{ 2 0.2-.. I can approach CHO.A_- and =q contain up to e,4
su3l~r. Again the effect. of cizpoesitio changes in the deposit the
scattered intensirt can be estimated at leas t roghly from this equaticoi.
The main effect from cocauoiticn changes is in the average fcr Z. Sta••ting
with CMZ. 2 5 and gonIg to CH20.25S.o1, that is, adding 8$ sralfur is equiva-

lent to a 2% change in apperent thickness. --he dependence on sulfur or any
nther heavier element is large, as expected, but film measuremnt within 2%
that does not depend n cc-positi•-i is still far superior to visual estimtet.
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Figure 84. COMPARISON OF DEPOSIT TUBE PROFILES
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71..er'l. ~oesery"? .bcv- dercatrate I-h. siyoCee-
bockscatt.*r an a m'ý5..3 of kriwr~tittativP i azr,~ cf ý:ker .;;E- spz*

Seor' ccar-rniences can, hodervr, b~e incc-.pcr.Ited in a ;r~ctAcxI izzr~-
1=s',.ncLe watcmratle sca'nninj, u-nd record'-- cC the ;7-rlTle and a

In respect to sca~nnirg it may be ccr-vreret to onrt r ri
rpaea~g~s around the '--be cizc, .'cre~nce so u. a =,--11erzicnral cver~i.e
abnr, the tAbe nthis cbtAired. Th~s -=n t- 1sc!ivYd 'Ir either of two
wVa-s. 'W.*h a pctnt sc-.;rce and detector arra~p?-_t ai"~ a ratempitpr cutp.*t
the tuecan bp rotated with a period less thian *th-e tizie ccrst~ant of~ tlhe
ratemet~er while bein.g trwnlated a2.m~g its lm-tlh. A =iztor Cdriven screw
motimE woulJ achliive thie. I's ti tr ar. *uiie sour5~ce and
cylinder in t2.,e for.*z of r-Ings surrounding the rod. AcuiAa triane-Jar
arri- woul. provide a sufficient approxi.-timx to a ccrit.I=icka ring. Th1-e
main coat izcrease would be in respect to three detectors. The s'2lrce and
electrmie1s coet !ncresae is trivia.. in thils way oni2y a linear motll=n eed
be applied to thie Lwarple tube and eccentrIci7r is averaged out.

Fcr the vac= assembly it may be most convenient to adapt a
camercially available a-popratu.60 'Iziolving a bell lar. But a u.1~aler vol1=e
wouJ ald y &1- qicker pu~plng down and would be more ccrpect. Thin -:c#_d "e !n
the form of a tube sufficientlyr lag far sa=ple trarslaticn an, of 'ernaps

3" ID. An ::ternal motor drive %ovi1d move --he sanp~le placed cn, e. s-.Itable
ca~rriage. Sourcee and detector would t2 =unted in the =id-secticn wall of
the tube with collimation cc the soiree and cn the detector to redt~z~
extrwrweos backscatter. Electrical cczmecticns would +then all be at atmos-
pheric presmsure.
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