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TEMPERATURE DISTRIBUTION IN A COAXIAL RING TUBE
DUCT FOR HTR APPLICATIONS

Aydin Konuk armd Fernenda A Rodeiguez

ABSTRACT

A coimputer pregdam he been devefopad ta help cpimiza thyg design of & coasis Hng tulbsy type hot g duct
o be used wn hgh tempetature reociors (MTHI ™ this design the hot halum 1950°CH FAows in & lorpe caramic ppa
end the cotd hebum retgtng to the repctor Lhrough the boles made o the pipe wadl thod conling 1he carsrit T
program prowvides 2 fimite difference solulion ol the steady sioie conducion squetion with proper boundary conditom
ih plar cotringtes The fimte differdnes grid  canldimng many wragular peinls becaure a the corvectvve boundery
condrbspns on Lthe cold gas holes o prepated moa subrauting 13 aflow ninmg the progeamn ssbly meny timet el
diHerent configurahions

I — INTRODUCTION

For nuclear procesy hest applications high temperatee reactors |HT R must operate at @ mesn
teliumn outlet temperature of 950°C or more One of the most important technical problems associated
with operation 8t such high temperatures s the transportaoon of helum foom the core 10 the heat
axghangers Five possible HTA hot-gas duct designs have Seen reviewed by Kugaler &t al 1) 55 follows

1 Dpuble walled piping with insylation in the sanular spaca the outer stesl pipe which carries
the pressure Yoad {40 bar) 1s kept at about 50°C Fibres matallic foul or ceramic can be used m
wsulstion matenials The mrer pipe which operates ot a fogh ternperature (G50°C) does not carry any
pressurda load In this desmgn an inner Liner for the hot gas 15 necessary and this creates problems
because the performance of posscble Lner matetals over & long servicd hfe has not at predant besn
adequataly tested This type of duct with fibrous neulation i the snnular space will be studied in the
secoraf test sectron ot the |EA helivm lpop and a computar program has baen dmlupﬂd”' tp pradiet
its performance The hot helium duet of the loop 1 of the svwme typa = wall

7 Coaxal duct without inmistion Countercureent cald helum [250°CH flows 1n the annular
duct batwean tha inner and outer pipes The auter wall again carcies the pressure fosd and 13 maomtaned
at about 260°C The maximum nner wall Temperatura 12 himiled to 550°C The vibrations and thermal
axpansion are congdered 1o ba problematic in this Juet design

3 Commial duct with insulated hot gas dect This s 4 combination of the two previous detigrs
it operates with an ner hot gas pipe insulated on the nside Althowgh the temperature of the nner
wall 1t thus reduced 2 liner which can wathstand an operatinyg ternperature of 960°C 18 agmn recEsany
The IEA heljum loap presently hes » test section to investrate this type of duct whom the iwasulation
corgists of layers af metallic 1ol

The dimensions and tempersture profies for the showve hot gas ducts are shown in Fgum 1
1aken from referancel’

4 Coaxial Ring Tubes Duet This design s the subject of thia report f comusts of & coaxlal
duct {Figure 2| made compistely from a refamie material The piottem of hner vibratfom snd thermaal
FApANEION encauniered i the previods drsigns arg avcded o ths one The cersmae matenal wauld be

carban stane  and the lemprratuee g adients in guhon store are hgh but can be teferated' !
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5 Coawal Aing Hales Dt This design shown in Figura 2 hax the oold gea ducting macke of
cazi miaterial with a carbon stone rner tor the hot gos duct

The olyact of thiz report 15 to ohcain tha tamparaturs distbution o 3 maxis ving tubes duct
made of ceramic matenial to help optimize the duct design Tha resulting tTemperaturs distributicn s
neveishry to cafculate the thermal stresses i the cerames matensl Tha hegt conduction squetion in
pofar coordrmates has bean solved numenicelly uing fimite differances methods

Tha parameters to ba considered in the optimal design Bre the number of loops the HTR would
have and the dmensions of the duct The vansklies in the dimermons of the duct are tha diameters of
the hot gas duet and of the cold gas holes, tha numbe of colkd gas holes the wall thicknss of tha
cetamic matenat and the distancs of the canter of the cald gas hole to the center of the hot g duct
To opurmun the duct denenswons temparature prohies would have to be obtained for many difeman
dict configurations Since the finite difference grid contard many eregular points on and resr the wall
of tha cold pac holes each configuration leads to & diffarent srid To avord time comurming manus
construction of the gnd a subroutine has heen written to prepers the grid conflguration uting only the
duct dimenssons a5 input The outpat 10 the form of a table |5 used by the subrouting which mouwnts
the coefhicent metnix of tha fimea differsnos egquations Thiz s computer program suitable for
optimization stkhes has beeny obtarned The rmethod of solution B discussed In detail In saction 11, and
In section HI sonve resufts are shown to 1Nustrate the use of the program Saction IV contelng the
conclusons

11 — FINITE DIFFERENCE EQUATIONS
1 — The Haat Conduction Equation arnd the Bourdery Conditions

The staady strte hest conduction squation in 2 demensions {rediak and sngarisr] with no heat
fanaration tarm 1z

LIV L P R LI ()
ar ' ar |t 28 29

recial coordinats

-

sngular coaminate

temperaturs

X = o

thermal conductmty = fIT!

The symmatry of the system allows modeling of tha saction shown n Figura 3 1o obtain the
imnparature distibution an the hot gas duet consicharesd

Th boundary condimiens {Flgure 3} for the section modeled sre

F = ¥y {3t the wnsete surface nf the duct)

Ll
K — +h (T, —Ti=0 (2)

dr h

r oy lat the outside surface of the duct)
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aT
I{——I‘lu{Tu'-Tl'=lJ {3
ar

Eg (31 15 & convestve boundary eondition which really does not exist st the outsids amface of
the duct, but it 15 used to¢ zimulate sther 3 peotcribed outide wall temparature T' or an inmufatad
outsids wal

Ea [3) iz reduced to

= T=T, (at)

by ltetting T, = T, »nd choozsing a valua for h, which 13 much larger than K

aT
The bouwndary condition whiich corresponds 10 80 rsulated owtside sorface lsr—m surfece = O
ix obtalned from eg (3] By choosing b much smaller than K Than &g |3} glves

oT
mr=ir t""'] =0 IH]
ar
U = 0 {lower diameter of symmetry} and § = §, |upper dismeter of symmatry)

K —=10 (4]
il

The boundary condition st Lhe surface of the cold helium hole can not be readily expressed in
1o of the coordinates r and 3 Instead, o 3 whtten o teyms of 14 the normal o the furfsce

Ihug on the surfeea of tha cold hslum hola

aT
K — +h [T, -TI=0 (L]

The terms m the boundmy comdbbion squatiom s defined =
Fy Ty ooternnl snd externel recdn of the duct respectvely
h, h hast transfar coafficlentss for the hot and cold gas respectivaly

h hoat transfer coafficiant babwian tha outer surfaca of the duct and the madiom
swrrounding it

T, T tearmparptura of the hot and cold gas respectively
T, iempersture of the medwmn surrounding tha duct
T Aempataturs of the gutsde surfase of tha duct

&, [/n where n s tha number of cold gas boles



2 — Finrte Dxfference Grid

A finte difference gnd with M radial and & axial divisions 15 thown in Figurad4 Tha
mamethicel conbguration of the grd 1 prepared in 8 subroutine whose Inputs are the internel and
external radn of tha duct [r, and ry| tha radius (ry) of the cold gas bole the distance from the center
of the cold ges hole to the cenmter of the duct id} the angle §; and the number of radmal (m) snd
angular (n) divisigns The subroutine dees the fallowing (Fable 1)

al Numbars the grd ponts in a systamatic way counting from left to fight begqinmng on
the lower radmz of symmety ard goang upward Poerts on the cold gas hols and on &
circle {such as ponis 43 B3 75 stc) are numbared atter points 42 62 and 74

bl Deterrmines tha typa of rach point such as pairmts on the cold ges hole {15 28 43 i
on the hot gas duct wrface {11 23 ) regular mternal pomnts {39 77 Y etc Each
type of pouint has a different fimite differance squation

¢t ldentities the naighhors of sach pont specifying the direction of each nmighbor and ns
rachal distance or angle to the pont For exemple for pont 27, pomia 28 41 26 and
15 are listed ax it5 righthand upper lefthand and lower eighbors For points on the cold
gas hole such as pownt 2B the mmgbors are pourts 27 and 41 bacause the radicg of the
eold gas hole passimg through 28 intersects the nearest rechus or circle (in thiy cate a
cwcle] betwesn points 27 and 41 at point 28 The distanes of point 28 to point 28 and
tha angular distance of point 28 to pomnts 41 and 27 are calculated wiing tivgonometric
relatione For pont 61 rmighbors are points G0 snd 50 because the radius of the cold
gay duct passing through BT cuts the raarest gnd radius or circle On s case 3 radiasl
betwean points $0 and 58 The distance betwesn paints 81 and 81 and the distancs of
point &1 to paints 59 snd B0 are caloulated agar unng trrgorometric rolatlons

An other finite gnid example with 18 radat and & angulsr divisions 15 shown In Figurs 4 anc
Table 11

3 = Finra Defference Equationy

Tha finile difference farm of =g (1) 15 derved corgdering tha diffarent type of ponts of the
finite differance grid

a Reguinr internal peints The finite diiference eguations ara denved osing central differences
At point pli|} whare plyj) 5 2 regular pony the foite differance form of eq (1) 15 (e Figure %}

5% [FPUZ M2 ety 2 = i ety
I L CCL IS L TRCT IR e % TR LTIV (6)
rllﬁﬂi
where
. A
'H'1|2 - I_| * _: {? ‘1



Figurma _ Frrng differance grig

fy = BDem fi = 100 e¢m e
10 colg 933 holeg

20 Hadial and § anguiar divisions

= 185cm o = ?5cm
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DEFINITIONS {Duistances 1n cm angles in degrees)

1
c2
C3
4
LM
LB
c7
CE
]

c10
c1
ci12

tdentification number
Identification number
Distance betwean the

of tha nght hand paghbor

Grd point 1idepufication number
Type of point

Identification number
Identification number

af the upper neghbor

ot the left hand neghbor

of the fower neghbor

point and the rght band neighbor
Angle between the pont and the upper neghbor
Ditance batwesn the point and the tef hand neghbor
Angle belween the point and the lower ncighbor
Radial coordirate (') of the point
Distance As (Figures 74 and 7 B)
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ar
L PO sl (7 2t
7
Kl""l + K.]
vy - (73
Zz
ki=11 4 gt
Pl L2 IS R (74|
2
i+l 1}
itz . KPR {7 5)
2
=1, Kii
K112 = E_,_z__,. (76}

Arranging eq (81 1he coefficients ot the § venabies sppeaning in the fiete difference equation
ot point piiy) are obtained A

i=-1f2 |=1¢2 ]
K
-1 Z {8-1)
N!

mAS iz Ki“‘l.FZ |

1+1] 18-2]
i Ard
wl1-1/2
T' J—1 —_— 18-3
ARt
K.i vz
¥l (a1
r' At

r|+hf2 KI+HE| ¢ p=VE 142

ﬂr:

KI j* 11z + KII—!.’:
- a5
rlM]

Rmyuiar points e as3igned typs 1 {Tabls 1)

b MNon regular intarnal points Those are the pownts of typa 10 17 12 16 wnd 18 in Table |
The finite differance form of the heat conduction squaton at point pli[) whara plij} i3 8 pon reguler
interned point 15 cbtained by making & heat flow balance on the surface elermont shown in Figura 8 The
heat balance gives
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AR, + AD F 1 aT
1 ; 3 [rlﬂ.f: 12 tﬁ?'mnl - =2 -1l {;}i- L i
. ary +lﬁl: [K””ﬂ [g pUIRE L pell-1/2 1;:.} ,l.l-u:] = [y 18}
2r
Wsing cantrad ddference approximations for the derreatives
1 - i
{ T k- - I - 161
i &ry
1j . pi=1]
la_T =120 L (102}
iar ﬁrj
L]#t o -l
(e . I T (20:3)
an My
l = HI=Y
| ar y =112 o T'_.I_,_.., (a4}
a8 &8,

Combining aqy [0} 1o [10-4] snd resreanging give the coafficients of the § verlables appesring
in the finity differance squathon st posnt pli )

ri—”! K&—‘I-‘? |

T=1 i
Ary By + 80
172 172
TR L X 12
Ary 1lry +4r)
K‘rl—'l
T i1 {113
ﬂﬂ. FI 1”. +M‘|]
|
i K {11-4}
Ay 1 108, + A8y)
o rt P2 12 \ A=12  ei-1/2)
Ary (Ar) +4rg) Ary (Ar, + &)
1 K j*1ra gl j=1iX
- — { + i {115}
vh (08, + AR, &y &8,

Ecs 111 1} to {11 5] arv reducrd to orgi {8 1) 10 {8 B) when



£y —'ﬂ.r; =4r and Af; = A = Aff

¢ Points on tha cofd gas hole In Table! those pmﬁt: ara of type 17 when they are obtained
by the intersection of a radius with the oold gas hole and of type 18 when they are abtmned by the
ingersectien af a crgle with the cold ges hole

For non regular powts 1112 ppd 1112 e defined o

Pt oyt

2

12

q 1-1
U 7 S

2

in raference to Frgure 4 for exampla point 2B s of type 17 and pont 31 15 of typa 18

Tre finite difference form of eq (3] 15 obtaned using a forwerd difference approximation for

aT
{ ﬂ'_s I, the tempersture gradrent st the surface of the cold gey hols In reforence to Figuees 7-a and 7 b

aT
the forwerd drffarenca appresamation for la— ]': 15 qiven bry
1

{ — 1t
a A

where Ax 1a the distance betwesn points {a) and (s} and T3 and Te sra the temperstures &t points |s}
andd lab respectively

Pount (a) 12 obtainad by tha intersection of the celd gas hole redius pesung through (1) wath &
cireds or a rectius In Figure 7.2 the refius pazuing theough [s) first inteesects o circle st polnt {a) and

thert intergect 2 radwms at (] Since {51 02 closer to {a) than to (w'l As in eg {12} s taken as the
dutanca of () to (al Unimg the mumimum possible Ar ncressss the accwracy of forward difference

aT .
sppraximatan for {é_ i‘ In Figuia F b the rechug pasaing through (5} first pntersscos » redius ot point
[

{al, thus As is choosen as the distance of (s) 1o e}

Tha *emparature Ta in ag (12} 15 exprassed 0 torms of tamperatures T, and Ty (Figutes 78
and T-bl totarpoizting finearly betwean T, and Ty Ths

Ta = M: T * Aafy T;: {(t3 t}

Ta = Arg Ty 1 A T, na2

where Ary Arg AP and AO; are defined 0 Figures 7aand 7 h

The fwve ditlersnee larm ol e (3] thus berimes



Fuguta 7 A — Paints on the cold gas hole

Figure 7 8 Pomis on the cold gas hole

1



Ky M:T] + M]T;

- h_ - =
. M, * 0, T, b b T, T.I' 1] (141}
or
Ko fnli *8iTa oy (. -T)=0 42
At Ar, + Arg ] c ‘e .
The caefficientes of the variables i eq (14 ¥ or (14 2) & than
Kl &y
Ty ——————— {15 1a
As AR, + Adgl
K, 89,
Ty ————————— {15-2al
An (A8 + A,
K%
T, _IE+h‘=I (16-3a)
or
K' ﬂf-;_
T, —mm™— ™ ™ (15 1&i
Fat '.ﬂf, + ﬂf:]
K, Arg
Ty, — {15 2h)
fa lAry + Ayl
I(l
T, _':E+hc] {116-2)

The right hart suda B i<

B=—-h T 115-4]

d Powma an the lower dameter of symmetry In reference 1o Figure 4 those are points 106 to
123 and in Table | they can be wantified i of type 4

The firute difference form of eq 11} 15 written at pont {1 7} es follows (Fogure B)

E [ rl+1|f2 KH“!‘!‘ 1Tl+|1 _ TI "l — ri—‘f: Kl_1lr21 {Tl'l - Ti—"l "]

1
¥ o—— [KIMI 'TI? _ -I-I 11 . KJ 172 {TII — Tl D" 1 - u_ [-‘EI
rlm!
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Eq (16} can be obtaned by setbing F1 10 tha fimte differencs equation for regulsr points (g
{an

The boundary condtion equatien on the lower diametar of symmetry that 4 at 8 =10

aT

— =10 ()
af

15 used 1o weta that at 8 =10

aT T'2-T1°

]

a8 248

which gives

T =72 (17 1)
which could alsa be deducsd directly from symmetry contidargtions
Eq 17 %) ndicates that
T2 - 32 n7a

and since thermal conductivity K 15 a function of temperature

Ki”'.' =KI3|’2 (173

Combining eqs §154) (17-1) and {17 3) and then restvanging = (16) one obtans the
coafficients of the temnparatures T' 11 711 711 oo 7' 2 1y the finite ditference equation written at
points on the lower dametar of symmmetry

1

=11 ﬂ_l |r|-1.ez -2 " (e 1)
r
1 3
Tl+1 1 F {FHH‘E K.H.f! " [TB-:.
r
b1 373
TIE “Bal
AT
1 Ar3
Tt = = ﬁ Ir'”‘rz and 2 BRI B S g b T S .E,K {18-4)
r (F.T.E

¢ Points on the upper drameter of symmetry In Figure 4 those are points 210 4 3nd 7 10 B
and in Table | they appear as of Type 5 The fimite difference torm of eg (1) 1« written at pomt b)) ps
Follows [Fugure B
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;‘ [AH72 g UZI p Yo ol - =142 =121 il — =10y

+

D [KI =172 n-lli—-1 - yily — ! -1 'Y - T'Jf—‘l:.] =0 f19)

Eq {19} can ba abtained from g {El, setting | =)

Thé boundary comdition on the uppar diameter of symmetry, that s, st 8= @,
(—Y=0n 3
0 } {3}
iz usad to write that st 8 =0,

aT T jl+1 _ Tl -t

20 208

u ™

which gives

it o -t 20-1)
which could also be deduced direcely from symmmtry considerations

Eq (20-1) ncdicates that

Fistiz _ p1i-142 120-2

T o i Ji-172 {20-3)

Combuinming ags (183 (2G 1} snd [203) snd then rearranging oq (181 ore obising the
coetrclents of the temperatures T 1 1 THUI TH1 gog T 4 the finite diffarence squation written
at points on the upper diameter of symmetry

1

Ti-1h E;ﬂ_ trl—ﬂ: g-1/2 1y FARN]
1

T ye (142 112 0y 212
2! n—=1¢fz

T e {27 31

Foag?
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Frgure B — Points on the diameters of symmetry



_-—

1 :Kljl-”!‘
Tijp - [rmr: KH-H:! "o rl—i.i'! Klw”!jjl -

214
ard el ant 214

f Points on the insude {hoth surfaes of the duet Thosa sre pointa 1 11 23, 37, B4 83 snd
104 in Fgwa 4 and they are of typa 2 i Table | axcept for point 1 which is of type 8 and polne 104
which 15 of type T

The boundary condition given by eg {2 15 wnitten f fimite difference form s (Figure )
K'l ]
h (T, — T+ — (12 -7l =p {22
Ar

The cuefficrants of the termperatures T2 and T ) 1n 8q (22) are then

K1
T?J - ‘231}

T -k - — (232

{233

g Paints an tha outside {cold) mrface of the duct Those am points 8 22 38 53 82 103
and 124 in Fgura 4 and they are of type 310 Table | sxcept for pont 36 which 13 of type B snd point
124 whoch 5 of type 9

The boundary candition given by eq (3 al i writien in fumte difference form s {Figure §)

K
H - Y —
h-:':Tc_TI"*I[TI VoT"} =g {74
The coetficrants of temperatures TV and T ! ineq (24} arw

L]
TH-11 K‘_._ {2511
Ar

Klli
T - h, - —— 126 2
Fal)

The right hand sice of 2g [24) 15
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Figure 89 = Points on the mnskde and outside surfzces of the duct
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kF Points on the lowst deameter of symmetry naxt to the eold g hols

Those are ponts 4 and 7 1n Figure 4 point 4 i assigned type 13 and poit 7 type 14 10
Tatda Il Mote that ponts of type 13 or 14 do not exist in Figure 4 nor in Tabsdle ) because the ditance
of the ponts 4 and 7w Figure 4 to the cobd gas hela 13 squal to Ar, therefore both are eegned type d

The finite difference form of squation {1} st point [ 1) an the left 1 obtmned by considering
it 22 § non ragular interior point Then, & heat flow balence on the surface slement shown in Figue 8
qivos

a8 [0 vzt (2l ez e (2T
ar ar
+’:"+5}3[Kisr={£,bar:,xnm{EI.]H!:]=,_, (28]

2 o o

Using cemtrd difference approxwnatons for the denvatives one obtains

P H1 1 _ 11
i El peliat T I __:rf 2 )
gr Ap
11 _ -1t
{ r p-tizy LT 127 2)
ar A
P2 _ 1
(Lypwz T T (27-3)
a4 ']
1 _ plu
(e LT i27-4)
a4 Ad
Combimng £q5 (26 to (274} and noting that
gl 32 17 31

yirlds the coefficients of the temperatures 1Y 11 112 a7 Y (i the Dimite differsnca equation
written gt (he powt an the left of the cold gas hole

I,l—l.l’? K LI

A D1 + AR

o 28 1}

flf'lf! KI+H’2I

Ap lAr + Ap)

Tiﬂ 1 |zﬂ'”




Hi arz
- {283}
' APT
142 r1fa R =172 i—1F21 13/2
oo 7K . o K (28-4)
{Ar + Ap) Ap Ar ! a07

The coefficrants of the temparatures i the fimta differsnca squation writkén st pont on the
right of tha cold gac hole are obtained in & smilar way

I_I—'I.FZ KI—'I."! 1

Ti—-'l T {EB_."
Ap (Ar + Ap}
141 1+34/2 1
wig 1K
28-2
T Ar (Ar 4+ ﬂp' | |
K' 3r
T a er (28:3)
N B (2 e , MESTTRVIERIF R - K32 ot
Ar + A Ar Ap ﬂr{ﬂ.ﬂ:

4 — Numarical Solution

Tha finite differance form of the heat conduction esquation — oq {11 and the boundsry
cordtion squations lead to o st of n algebraic #quations whete n 5 the number of unknown
termparaturss The n algabra squations must be solved somultaneously a0 order 10 nbtain the unknown
temparatures The systam of algebracc equations 15 inear whan the thermal conductivity K s constant,
and nonlinesar when K 15 a function of tha temperaturm The nanlinear systern & sodved by the succesive
solutions of the linearized systems Values of K'' are avaluatd! ar the arithmenc mean of the hot and
ooid gases for the tirst iteranon and at the previously computed values of Tt for the subsaquent
iverationk Tha procedure 15 continued until ail 1emperatures convargad within & given srror critenon

Sinca the set of algebraic equatiora to be solved 15 sparse Lin o equation appears more than &
unknowns) subtoutine SPAMAT hes beer usad for the solunion SPAMAT solwas g st af finear algebrac
squations by Gaups elimination using sparse matnix techmgquas  Only the non mro stements of the
coefficiant matnix are cangidered for the storage end the ehiminetion operations Thus sigrficant savings
in computer mamary and running time are achisvad SPAMAT i described in mn other rlpurl'a]' Tha
computet pragram s hsted in Appendix B 1t was run on a POP 11 and took lss than 2 minutes to run
a problam with 124 gnid paints

N1 — RESULTS

The computér program has been run Tor 12 cases a5 shown in Table HY The dimannons of the
differant hot cuct geownstnies wsed ard given an Table 1Y Geometry 1 8 the ona thown in Figure 2
Geometries 2 and 3 are abtaned by multighang the odimonsioms of geometry 1 by 1F and $
raspectively  The firgte difference gnid for gromelres 1 2 and 3 s given in Figure 4 and Teble |
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Tabls 1V

Duct Chmensnon

1

Geometry 1 Gromeiry 2 Geometry 3 Geometry 4
(G1) 1G2) 163} G4}
Number of Cold
10 10 10 12
Gax Holes (M)
ra {mi ] 55 a5 525
ra {m} 1 11 %0 9756
ry {m} 15 165 135 13
d (m} 75 B2E 676 75
A, im?) 785 950 636 865
A_(m?) 707 AS5 573 637

Internal and external rAdn of the duct respactively
Redms of the cold gas hole

Hot gas duct — cold gs hole centar to canter distance
Area of the hot gas duct A, =T

Cold gas hoie flow srea A, = N Hl r}
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finmrtry 4 has a 1elatryaly smafle wall tickness than the previous ones Yhos 1t has B smaller rofd gas
bl diamy ter and more {12 insiead of 10} cold ges holus The Finele difference grid for geomatoy 4
shown i Fupure 4 and Tahle 1

For the thermel canduct vity of the ceramic matenal spectfied as carbon stone 1a {13 valuas
have been used Tha First two are K= 5 zwwc)m* °c} and K= 118 wm/{m® "C} corresponding to carbon
pipe and graphite pipe at roam temperatum“ K for carbon pipe vanes vary Irttle with tunmrlturulﬂ,
but the thermal conductwnty of miscelleneous graphite as given ih 15 ranges from 20 1o
200 weo/lm® "Gl i tha range of 100 to 1000°C The third expression for X of 1he duct material has
been taken as K =118 B5T {T «n "C} to test the computer program when K varies with temperature

tn order to hawe tolerable pressure losses and dimensions 10 the design a hut ga velocity of
about GO-FOmSsec amd 2 hot gas duct dhameter of 1 11 In should not be excesded il Arccording o
Figure & 1n reference' !’ these data lead to B 12 loops for a 3000 MW plant The computer program has
been run for 2 plant with 6 9 or 12 loeps The 6 Ioop case lsads to highest velocities therefore o
highest heat transfer cosfficent on the hot gas side resulting in highest duct wall temperatures
Although unasceptable  Fgh velacities are thus reached the case was stedmd 2 an exampla of severe
cordinons

The respective hot end cold gas températures have been taken as 950°C and 250°C The outside
duct temperature T; 15 inghcated 25 70°C In Figure T of ra'faranm“' Except for nms 10 11 and 12
valuey of T; rear 70°C hava been obtained by umng a relavvely high value for h, and taking the
surrcunding temperature T as 20°¢ In run 10 the merounding tmperaturu T, hn heer taken B
25°C ond several values hu have been tried until computed T; wes pear 70°C As seen 1n Table A 10
when h_ =140 w/lm? “C) T, varies from 790 to 594 along the wall When the sffective thermal
conductiity of the outer wsulstien 1s knawn h_ can be eshmated and this sstimated value can be
wsad 1h the computer program as a realistic boundary conditicn The computed ternperature destributon
will gher the outside duct temperature T,

The heat transfer coefficients far the hot and cold gases (b, and h_| have bean calculated from

h= 023 K/D Ra © Pr* (308

Tha helum propsrttes have been taken fn:ln"m"‘”I

Tha temperature drop for the hot halwm per meter of duct (AT) has been calculsted from

n, A(B50-T, )
AT = {31
m Cp

A the heat transfer area per meter of duct length 15 gaven by A = Jary ?“ s tha arithmetle
avorage of the wall temperaturss mos the gas mass How in Eg givan by m=M/N whera M 15 the total
5

pas mems flow and N 5 the number of loops C_ 15 tha haat capacity 8t constant presiure in mﬂKﬂ'C}
Calculated values of AT are thown in Tabte b1

The influence on tha rasplic of the thermat conductmwity number of loops duoct dimensions
and duct outer insulaton s discussed below  Figuras of isotherme and 1emperature profiles are given $or
same runt {(Figures 10 to 13 and tables of temperature dostt buaton 1ot all rung are i Appandix A
Tables & 1 to A 11 shauld be used mooberece 1o Fuguee 4 and Table A 12 noceference to Figure 4
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1 Thermal corductrity K Comparison of runs 1 2 and 3 wath runs 4 5 end § show that the
temperature grodients are Jower when K iz higher Howevar tha tamparature drop per meter incrasses
with hmgher K raachirg about 2 °Cim for run 6 (corresponding to K = 11B win/tm? °C) and to 12
leopsl Run 7 compared with run 4 thows the effect of K varying with temperature |n this case 4
Iterations were necessary for tha tamperaturss to convergs within 1°C (Table A 7)

2 Mumber of loope Higher number of loops for the sama duct dimemuors Ieedy to lower ges
valocities and to lower hest transfer coefficients Thus a8 indicated by the comparison of wuns 1 2 and
dorofruns 4 5and § lower tempersture gredments are obtained with higher number of loops

3 Duce dumanatona Comipanigon of rus 2 wath run 8 end compansaon of run 3 with run 3 show
thit decremng or ncressing the duct dimensions by 10% has almost no sffect on the temperature
distributsgn Companson of run 1 with run 12 agsin ndicatess that small changss in duct geometry doss
rot offect tha temperature distribution sgmbcantly Run 12 has been ined aded mainly o give an other
examnpla of finite diffarence qnid

4 Outet Insulstion of the duct and bast disipated w0 tha surroundings Run 11 corrasponds to
an almost complotely irsleted doct This has besan simalated by wsing for the outnide heat tranader
cosfficient h_ 8 vary amall value (h, = ¥ w/im?* °C}) The surrounding vemparsture T has boem taken
T, =25°C Comparison of Figura 12 and Tabla A 11 (run 11) with Figurs 10 and Tabla A1 tren 1)
E'!‘IUWI that insulating the duct hag no sffsct on the temperaturs distribution on the  hot half of the
duct turt leach to hgher temperatures {sround the cold ges temperawura of 260°Cl on the ookl heif *
on the duct In partrculr outer insulation doss nat help 10 decrease hest ksses from the hot gas end
terpdrature drop per metar However hoat [oat to the surroundings het besn calculated to be 3% smd
1 5% of tha total heat lost by the hot gas For runs 1 and 11 repectrmty Thin insulsion decrsrses haat
losses to the surroundings snd causes highar bart uniform temperaturss on the cold half of the duct

IV = CONCLUSION
The oomputsr prograns developed allows the steady stats computation of tempersture
dretrsbutyyn i the hot gas duct for different duct and plant conligurstions  The work continoes 1n the
fodlowing areay
1] Calculamon of themad ctresses at stesdy srate cond itiang

2] Calculation of ternpeewtursd and crestes in the tendernt conditens. Tihie would sllow
aralym of tha duct during normal operstional 23 well B everrtusl socidertal ramisety
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APPENDIX A
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Table A 12

52 h, = 1223, h, = 1B41 h, = 140 T, = 25
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APPEND|X B
Listing of the Computer Program

THHHT HN FTH
FIEFA-S THC GEDHETFILAL CONFIGURATION OF THE
FIMITE DIFFERFHNCL GFIC

CONMON ELOCOL PCE A RCIN RINT LCO TETA: HOH NEY

COMHON CTLOCDE TR T80, 71 Fomod Sy D410, H Hi1 He

HZLIF HLFAR FETA D& DT NIH1 1 L«
corond ELOCOT ILXG R1, RITAS L2FHE T.JH
Criand ELOLOY TLIG F52 FoFHE | FASE St L HEDS
HACFITO HzFFF T

coOnpoM FLOCOD tLID HECIF HIFWRS NTTAT FEWM ICH NDWL

Ll THITH

HEY D HYaL

HE HT HI s

11

L

FEM w1

TLM 1

IR

I Tla=01

PLIG [®

NHHT =0

MAIF=u

HibIF=08

[0 14 I=1 HNEH1

[T=TETH FLOAT HI*H¢

Fi=fT+Z 141t “1-u

[E- FCE =FCIW®*FILUAT HIY

HLFH #LOAT I-119E7

[ =r{kLH ALFA LIET

Iy ¢ EC B GG TO Sy

FrM1-LI_T RFCIM

lc-FIE -CIET-C

HMI-[HI«[1-[Cr+1

F1-HM LC1,L<?

1F EL GF & 01 Hi=HNjfr1

e =1HT [0~ 41

Fo=HLL [ T

IF1 L 0 N1 el ~Me 01

=87+,

IF 1 GL HOH1 0o T4«

EFTH=FIDOHIC D vl I

C1-CURIR EFTR T 1 T

IF<Td CO Oladr Ay

L1l T7)11-k1 IH

v 1-FLT FI I I O

[FRA N EOL I I I B L

[ T R SN VT R I O |

I: I K o a

LV | r L 1 |
| f
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A

168

(=]
14
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I

IF'R21 GE B Q1 "NHZPOT=NZF0OG+1
NF 0S=H1FDS+NZFOE
H1DFFO=N1FDS—-NH1

IFCRL LT B @12NADFPD=NLADFFPO-1
NeDFPO=H2FPDE-HE

IFWE2 LT @ PAYNCDFFO=HzZDFFD-1
GO Th €

WFOZ=HDYL

CONTIHLUE

IFLVI LE 160 TD 5
MipI1F=N1-N1PAS

IFrRA1FAS LT € BLINLDIF=NIlIF-1
HzDIF=Mz~NZFRARS

IFR2FAS LT & BLINZDIF=NZDIF~-1
CONTINUE

IFC=NIDIF+M20IF

cALL DDla

CHLL DOoG

GL TO Eq

ICH=ICH+1

HxIF=a

N=HDY1

IFICH HE 13G0 TO 35
HUIF=NDY¥4-/HNIPAS-1}~(NZPAS~1)
CALL DOZe

IFC=NDIF

MRHMT=HANT+MN+IPC

IFC=p

NFAS=N

HiFAS=ML

HZFAS=NZ

LzFAS=LZ

LEZPAS=LZ

RiFAS=R1

E2FAS=RZ

CONTINUE

KiK=8

JHAX=J~1

Do Y8 I=1. JMAX

AlLlX=8

IF{IACI. 2> LT 1760 TD &0
Ek=KK+1

AUX=Dl KK D

WRITES{Z, A0 TACI - K), Kwd, 7). (BLI. LY. Luwl, 3). AUX
FORMATL?I4, EFAZ o)

CONTIHUE

STOF

END
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1%
i1t
1-

10z

1i¢E
1HEQ

SLEFOUTINE [DOIA
COMMUN ELOCOL
it ERLDLOZ
HZIr1F
cwiMaN ELOCOS DL IO
L1 =NRHNT+1
LeoHANT+HL+HADIF
LMl L-=1
[0 10 J=2{1 L=
tF ILIG EQ 000 TO A
ITIFL=1E
ILIG=O
LTI O S
ITIFC=1
IF I EO
IFFY ECQ
IF & EO

1+ ITIFO=4
MCH1Y1TIFD="
Li»ITIFO=Z
IF F EO L1 ANLC I ED
IFvJ EC L1 HHNL I EO
iF NILIF GT GGl TO
IF FL LT 8 10 TGO
IFrJ EC LZM13ITIFO=1
IrF T Eu LENL AN 1 E
GO TD 15

[G 1E F -1, HIDIF
LEMLi=LE=I"%£

IF T ECQ LeEMLYITIFO=1
IF J ER LMl RHL 1 F
IF T EC LeMi»ILIG
L ORTTHUE

1IF J EQ LeyITIFD-17
IR J Ir=J

rAard 2 =1TIF0
1R 2=l
1IF<ITIFO EQG 17040
1IFFITIRO ER 1E GO TA
Ery Ty=sh{IR+FLDAT T-
TA J 4s,=0+]1

E<JF 11=[F

IFrd EO La=1 RNI
IF I LE Lisa TO
IArd pi=sd-1

Er _a=LEF

IF I LE 400 TO 10
IFr J EOQ LZ=-1 AHN[D RiF
IO 2108 ITYAFFF-L i
IF IR T:HIEFE ™ M |
It Jd L T

ORI 10
el THeF
Ied IT7 1

k1
in

iiIr

I

FCE* RCIM EINT DCC TETA.: NI'H, HOW
IRL"D3 71

“ap S hoLLt
ALER FETA (= I F HOMHL [
R1 FIIHY Lol TJ¢

4

13 ITIFO=¢
HOsH1*1TIFO2™
it

15

o

1 ITTFu-17

1L ITTEM=1%E

e
T
I 1%Lt

GF O Ul £ T 14-ki

HE 11 O wvwl«GL T LUEWD

Mg I HERI L R K1

M Hi, Wz, HAMT
LeaPY LT

HiDLF
I

Toooaoe



1RS Er T d1=1T

183 IF T LT HEHIy 1A SraleM+NIDIF+HZDIF
€ T o [T
IF HLfflE Ef Bvph TO 10
Iraze -3 HiL1F

L.MI L - HILIF-1 22 hady
I FHE 121160 TO 148
IH I S«cihf) S1-14+41
IH F 41— T+g
1£F + ED MIFIFIPR ' 1=kl
1A J g I1=T-2
IFrE Evr 13]1ACT b ¥r=J-)
IR T Tv.T4+4
AL -TLOAT LaMi~NANT-F ¥+DE+RCEN
E+J T2 Al
E J 4'"=ALFA-ANG LCC ALx RINTY
11E COUNT ITHUE
O T 10
Jen CHT1 THLIE
1F«T ED 1v0G0O TO ___
AU —AlGALL 1 ALFR PPEC RITMNT »
YFHzFLLALRFEETH ELC RU+>»-FINT
CUR=FLORTILE~LA-KNIL JF-1s+[:S+FLIN
EUY=ANGALLC1 AUX DCC CU¥»
YFe=RLDRLACEN LEC AURI=RINT
IL=1(+1
[ IDI=AMINLI<VFY YFH?
IVIZ=J=-1
TFrHADIF GT B)lvil=t-2
IFCVFY=VFHIZ@7 2B 09
Ly IAFT S)=]ACIVIZ 5)
IACT FarlviE
E J Zix=EETR-BLX
BCJ 42=pT~BRCJ D
GD TO 10
iR5 IRCT 42=]1RIIV]IZ B1+1
IRV BX=]RAIVIZ 5%
ECT Zr=hLDALAYRUN TCC ELTAY-TH
Bt 12=RE-EC. 32
GO TD Lo
“nE IRV B)wIACIVIE 53>
IRFT FrelV]l
Efrd 42=0T
GO TO 1P
3. JRACJT Sd=IRL{J=1 5%
RS, Fimg=1
ECJ 2)=DT
ID=D+1
1) =R1
IFCRL LT B Ql:0+ M0 v=DE
GO TO 1Q
Lo COHTINUE
IJE=141 +1
CUAnFLOATC =1 0=l 1=  1JF =120 4" +RETH
1F 101 ED HiDIF2> 13 -Dn
FiiiS ANG TCC RIAT Clree
LP FIDEL®S ALFR 00 [Ati» FINT
o Ll -1Ls
il =hRLREL 1 AF LCL o lr
YRy FEIALA EM [V M|E vef M)
11 Iy
I 11 B EHY Y10 YR
it e 11
[ALS I I I £ I O PR
Fre 44 10 - &
= 1M ! Fr



i1
L1
i

SF

1M

IAJ, dr=1/ IVISL 7
ErJ. Zy=HALFA-LLL
ErJ.dr=DT-Er J, s

GO TO 10

IAWT. d1=1W1,.
IAJ.E6=1IV¥IZ1

BsJ, Z)=fRLDALRA.AL: CCr
E*J, L3=DE-E+J. 0

GO TO 1@

TR J, Si=TVICL

IRCJ, Fi=TALIVICL, &)
EvJ, #=DT

CONTIHNUE

FETURH

MDD

ALER -1~

57



CURFGIIEINE (1 &
POMIBHE Fien Dl RUE RCIN RENT D¢ TETA BB HCY
TOMION RO T DA Ty B FER Sy g NOND Me NHHT HLDEF

] Hel IF ALFR RETA [ [T MIHL | P £l X 1% AR
riomitlimd pLOC0d S I B FeFAT | FAS NI NEDE
L ] NIfFFD Hel FRO
L Lesd
P d NANT +hithg D TP 40T 1F
[ L |

Pdr 3 F (< |k
IF FIG ek Dol TO -9
INIFO=1k
o Tl v
[PLANN 4 -
4 ITI[Flin]
ek Etr 1011 TFL=A
IF I ECr HEHL v ITIFIra5
IF MovtE 6T Gl T0 2
IF R, LT O ALy TR 25
1F 7 Fr | Mir]TIFD=31
IFE 7 Fwo i1 Al 1 EC 10 i10knsgd
OiE T "
=€ for &8 -1 Hel LF
iF 1 E@ 1311 M1-1 t+1
IF & GT 191 Hi=] "4isc} 314,
IFCT EDr L ML o]TIMO=]1g
IF 1 ER LMY RAHL F E& 1r11iFu=)r
1IF J F L.l 1L IL-1
B CONT IMNUF
b TE<J ED 13v]TIFO=17
IFvd ER 1] TLEO=S
fF+d E0 L4 AMHI> T E 101717 0=u
IF 2 Ep Lé AND | EW HCHLIYITIFR
=i 1A 13¥=d
iR 2=1T7IFD
IR ImJ
JIFCTITIFO EQ 2760 To ARG
TIFCITIFD ER 1EGD 10 458
BLS SrepCTHA4FLORTCHRDV=Ld+ 319
T1ACY B rd~-1
EL{J JielE
IF<J ER L3i+1 RNy B2 GE & vl T Jroly
IF<{J GE L4:GO TD 20
1ACT, dred+]
B Jrix=nT
£Be 1IFt! LE 160 TG 2B,
IF<d Eir LI3+1 HANW[ EcFAS 1T & @100 TQ coFA@
0O 208 LVAFFRE=L SP@
if 18" 1YWHRFE B HE J OR 18 IVAFFE 2 GE 17 vl 10 Jde
TA J #a=IvERIF
G TO z2pw
= COHT THrIF

L]
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i

a0

4l
a0
4N

dp%

40E

444q

Ie 1 (RN

| 2 N R |

[F 11 HE e e i

LTI LIS FL T T ¥] R [ TR T N PR |
MR 1

Im T FaffFyne afd{ b ky LTI
| I i

e LM b e I 1

[ IS T S I PO I N |

1_ML b o+ {4 1

IE T M 171Gl 1D b

L [i4 P = oW [ 1F 120

1 T ¢ T4

el T » r

ir 1 HIL=Taddr THoo

| LY I 1

1 r [

s I Ta=0+1

il Pl HEY [ I A | [T B R IR N LN N |

1 1 = Al
L 1 % =t FA-AM THL HiE kN
COT [HIFIE
(1K I O VR ST I it 1 F s |
Lt T
i HTTHIN
TF 1 1t el pLr oA fd
L = 4HGHL L FOLF e TEL 1 JTHIT ¢
*FLEICAHLA EETAH [CC ALY » RINT
fel FLORYFHLY fL4-L HobLIE fopal=wb Iy
{2l HMERALL 2 AP DD i
v FLOCHER EW- [C0 HIA o« 0 LR
I 1+l
[ A0 "cHIFTMECYELY W dny
[ {.=7T+1
T rl He OGO TO 4(d
IV Ci=I%IZ+NFOC+ HEGE K1 1v swle 1 vrabDIF
fwi TQ 48Z
1L T o1=TL IZ+NFOS+ NIDFRF O+ OFF DM, [ [
IF" LY FhW—"FHAG™" A0F i1~
T T S¥y-IVICL
T 7 INIE
I ! a4 FETA-FII
L 1 dv=LT-Fr T .
i TO 2O
1 d4r=10121
A E1=1%121-2
1F HZDFFO LE @ ANP 012 G7 Bv0@ J & sI¥IZL-1
E 1 1'=CUx-KLOALAAUE DLC ELTH»
Evnd Za=DE-E¢F A%
GO TO 24
IR S Sr=1v121
Art Fi=eIWlZ
BoJ 4 r=[T7
GO TD ZB
TVIE=Jg+1
Iarg Sre]VIZHHEOSE HROGS— W NE A r—uHe-Y 1 v+l DF
[F{C1 HE D31H ! T IW] 2 &P OE rHIDMFO+H2DIPO«RIL TF
A3, Fa=d+1
E J 2107
IrT=1p+1
0 IDa=RC
IF'Rs LT oo b | fi 9L
GO TD 20
COMTIIFLIE
Ty MIL+1
ri Frol Nee 1d J=13=1H NIF-.JIL 111 xaDps4RCIN



L
455

435

45E

TFel &0 M LIFYIE] —4
M —rpg fEd RERID o0 b

YFH-FLPHLARLFAH OCT NUYY FTHY

€1+ e
Eil wANGAI L¢s AU CCC DM

YWy rBLLALACEDY T4 &It 0 kF1HI

=101
FeolDy=AMIHECYFY YFH?
1WIZ=J 1

1FrulyY-¥FHI4S 4TE 475
1A Sr=IVlc+2

N 4%6 [VARRE=]1 BOR

IF«1ACIVARRE S5y HF IVIZ+Z MR TACIVARRF

1AL Fri=lVRERRE

GO TD #3533

COmT LHE

BCd 2 =ALFA=FLX

BT 4x=DT-BLF 20

GO TD ZAa
IRCT 4 =[¥W]Z+2

IRCY pre=lVI?

BeJ: 2y=CU¥-KLLALAC AL DLy
BCJ, Zye&=-B{J 1)

ac TO e

A, S)alvi2s2

IARCT FixmlACIVIZH+a 7
8¢ 43anT

CONTIMUE

RETLIFH

EHL:

Al Frs

e} GE 47Q0 TO 45+



v JHI 1 n
Pulliteed] v hadarry o F1 TN FIMT LS TETH HMILH HI Y
IRLLTY T P N 1A il FINN S R1Y] bl letas HOHT 1 HHNT NI
t M LIF ALFH EEIR LS DI WMPHYI § ) LI I S I |
cidirniE FAH OS5 T 14 HRIF HA®RRS HLPRS L) T H W]
[ NS S |
I+ R eI )
[ JOMH por Ll e -Le+Ml 1F
| £r LI it
IF TLIG FOO B lde I8 !
IMIFO=1E
FIThadd
Gl TO =~
i ITTFH 1
JFal FO 200TEHIE A
IF L 1 MUHL 11010
JF J EG 1 5]TIMNG-
IF I EQ LT AMI ! FB NIHiIvITHI M
IF 1 EQ LexlTIFOe_
IF J EG Le AND I EP NIHMLIXITITO F
iF ICH HE 160 Tu 57
ree L b =] MNCTF
L7l Z+{JLFAS -1+ 4™ .
IF T Fn L7 »ITIF0-AE
iIF J ED LFdlL1GT1
*F CORTINUE
1H J tr=T
iH-J L=1TIPO
TA:J 3]
IF 1TIFGR EOG 18250 TO 506
B J Gu=RCTH+FLOATC =L D
IF{J GE L0 TO 15
IA J 4v=]J+]1
g 10=DCt
1 IF.T GE HPHiXGE TO 152
TH I S)mJ+N
TIFCIEH GF 1160 TO 17
IFST GE L% ANE T 1F e MHeFAHS s 1H0 ] Tsz2 b4 H+Hl IF

L51 Ect 2rapT

1R IF¢J LE L5000 TO 154
TACL Ba=d=-1
Cyd 3y=05

154 8 OB IVARRE=L whib

IF [(RYIYAREE Y2 MNE J OR it Qo+ %F g+ Ht L0360 TO 398
TIA<d FIi=1VARFF
oo 10 =S

ALY COHTIWUE

T Ev. d43=LT
IF<HILTY ER HiGo TH o
[ £4F k=1 HNOB1IF
L =+LY+HI1PAS-1r+l %, _
Thel NE L¥3GD T “1E
11 T 43F T4z
Tre b Ex=lR-F S 1]
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50@

5Ta

o B&
ey

747 E

1&1!1’

It b 6T Elf I &k

M 1 = T4
il LUK ™ | F
E | —H1LI

F b oVi=pl FH-RNG
Ll t THVIE

I J Fo L7+ 1k
1Fr 1t OT | HHT T
ot Th Co
CONTIHIIE

1Lil= L+l

CU~=FI 0T J-11-
ALY =FHG FCU RTIMT

12 b
1 #1405 sFLIK
el AU~ RINT?

J ki Jug
LE Le¥ 1 Sr=skL{MHA1] D]

LS—C(FLH-L3*DT+FCIH
[ TR

FU =+LILFAtH A= CC ALFAY

In-I0+1

I IT =FRLEALFACALF
IYIo-J-1

IF ELl ~CIl =70 8§
IR I 43=I%I0
IR S - THLIVIZ
Ex 1 13d=CIIv-RLIN
Bed Zr¥=D=-E<J 32
IFfr JJ 20 F B
1AvS 4r=D

TAGT poe=ld

Frad d1=i

E J Zar@
IVIo=J-1
IVITL=TA 141 !
TALT 5a=IVI1T]
IAF Fr=THLIVICL
CU+=CU =L
EUNEANGALL 1 Al-
LeIbr=FLDALR EUY
E<H Edx=sALFR-ELU>
AL =ANGrECL RINT
FL~sANGALL (L ALR
E<d 42=EUv-ELI%®
IFFfRET 22+BOS 40
no TO B

IAC.T $a=TH{IVIZ
IR J Ea=sIv]lL

Erd pa=sgus-Cti
BrJ Yr=DS=-FE¢J ™

R CL RIEY RINT
R SO0

B2

Gt T 5740

ra

Lo CLU oy
ELL Fllary—RINT

Ll »
DO Lrllw oy

GE DTs BALrECd J43-LT F 1

1

IFrE-T 43 QE & oGO 11y 7o

IR J: 430
1R T, =R

erd. 13=0

& J Jxmd
IYla=l~-1

IR Sr=IW1Z+:
Do Febs IWARFE=L

roE

IF-IACIVAREF S HE IW1Z#: i 1R TVAFFE -1

IRTS FralVAFFE
a0 T S45F
COHT JHUE

JR4J Tr=IR J Tred

DU =CU r+0&
EU“wRNGALLY 2 AU
DrICY=REDALA FHG
B 2d=ALFFR-FU
AF=ANGFLCC KRIMT
B/ AMGAHLL o HII
Erd 4)=ELl -EH
GO T .

Ta-Cl +[ T

L [N
TFE FIP ~RTWT

[ R
Low Lo

I 1A A oL

e b

GE 17:1G0 TOQ 547w
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VI HPGHLLE - A< BCC, DLE D
be T =RLDHLAYEUS, OCC, RUT Y=L THT
I Jd. . *=ALFE~EN:

Frd.d =DT=EvJ, 29

00 TO Tu

IR« J, dr=IV1Z

IR« J. £=TAVIVIC: €

Fio I, Tospe

CONT THUE

RETUFN

E N

B3
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SHETANTIME EHTER
LOGIMAL+] LE g
confre FLOEES BFE~ AC10 RIWT DEC TETR HBH KDY MS DT ALFA

CRIL EFHLE
WFITEFE 1
1 FORMAT » 1% FHTRE % FATOE [HE CIFCUNF  LMNMCEWNTEICAL ¢
¥ 1% E TERWH INTEKHHM E [H HAD CGHCENT
r [ ={a 3 FLIM FINT: B 1
Call BELL

RERD £ ¢sCL

FOEMATCFEAL

F={

CALL REFALFFZ<F CL Fc RLC} >
LALL REALFF<F (f F. EELIH»
CALL FEALFF.F CC 7= RINT?»

Y]

HRITE{E F}
3 FORHAT 31X ENTFRE A DICTANCIR 0O CENTRO PAS (IRC  COHWC  AD -
1 1¥ “CEMTRQG DA CIFC  MHO COMC E O RHGLLEO EM GRAELS
t ‘DR TETAY > 4
CALL PELL
FERDYE FICC
Fely

CALL REALFF.F CCL 7% Dri»
ERALL RERLFFLF CC " T1ETA?

HFTTECE 47
4 FORMAT - 1% ENTRE O NUHMEADG DE [IVISDES WA HORTZOMTAL E ..
t 1* ONUMEPC OE DIVISOES WA VERTICAL (MDH NDY) > , /)
CALL BELL
RERDCE Z)CC
P=0

CALL IHNTFELF CC "2 H[H:
CHLL INTFF F CL & WL}
FCTUFH

BNl

CHALZT FTH

DIMEMEICOM IR*7) G B2
[ATR COLIETHP ERLISTON -
NRITELS 3
3 FORMAT(Z28% GRIL (ONFIGURAT TLIN™ 3
MEITE(S 42
4 FORMAT</ A L1 £Y (8 Zx [F =4 L4 24 L% Za
- CE ,3 [~ EF4 {2 By {&% 5S4 C4dad 44 C£41 4k L4122
Hel
Go To 1089
1@l Nmi
HE]TECS: 57
5 FORMAT: 1 /7~ T FE DL 224 C 2 CI M LA 2 05 .
* ¥ LHE 3K C7 % Ce 5Y €2 Bk L[I1B8 Ak LC11° 4¥."Cli2 .7}
108 RERARrT 4 ENL=ZD0Dy JA 17 T=1 73 By J) Jal E7
1 FORMAT ~ 8« &f 1. ©



"

Froy=1E0 4B 2}, 3 141¢
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