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“ORANDUM FOR: Victor Benaroyse, Chief
Chemical Engineer ing Eranch
Division of Engineering

FROM: K. 1. Parczewski '
Chemical Engineering Eranch { ~
Division of Engineering

THRU: Philip Matthews, Section Leader
Chemical Technology Section
Chemical Engineering Branch
Division of Engineering

SUBJECT : DETERMINATION OF TEMPERATURES REACHED BY EQUIPMENT
DURING HYDROGEN BURN IN McGUIRE PLANT

Purpose and Conclusion

This memo describes the methodology, assumptions and results of the analytical
study which was performed to determine the temperatures reached by a typical
piece of equipment (instrument transmitter) during hydrogen burn in a dead-
ended compartment of the McGuire plant, The results of thic analysis indicate
that the temperature reached by the equipment does not exct . 3200F

Assumgtions

The equipment modelled in the study consisted of a transmitter having a
rectangular parallelepipedic casing 10 in. X 10 in. X 7 in. in size, made
from % in. thick metal plate and internal electronic enuipment represented

by a 4 in. X 4 in. X 4 in. cube made of 2 material having the thermal capacity
of steel, but only about one haif of its density (it is assumed that there is
about S0 percent of voids present). There is an assumed 3 in. gap between the
casing and the internzls. The transmitter is attached to the center of a
vertical wall in a 26 ft. X 26 ft. X 26 ft cubical compartment.

The geometrical arrangement used in mode11ing is shown in the sketch below:
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The major assumptions made in this analysis are:

1. The compartment is surrounded by a % in. thick steel liner which
simulates a structural heat sink in the analysis.

2. Initiallv, the compartment contains air with 10 v/o of hydrogen and
the whole system is at 160CF,

3. Hydrogen starts burning at the opposite side of the compartment and
the flame propagates towards the wall containing the transmitter,
During this process the flame front occupis the whole vertical cross
sectional plane of the ~ompartment.

4, The transier of thermal energy between the casing ano the compartments
environment occurs in twe phases:

(a) In Phase 1 heat is transferred by vadiation from the traveling
flame front ang by convection from the gas in front of it.

(b) In Phase 11 heat is transferred from the hot gas by both radiation
and convection,

5. During both these phases, heat from the hot gas is transferred by radia-
tion and convection to the structural liner.

6. There is neither exchange of heat between the liner &nd the containment
concrete behind the liner nor between the casing or the internals and

the liner,

7. An infinite thermal diffusivity of all solid materials is postulated and
hence in each individual component uniform temperature is achieved.

8. The exchange of heat between tne casing and the internals occurs by
radiation 2:nd conduction through the 3 in. gap (no convention transfer
is assumed).

9. The temperatures of hot jas after a hydrogen burn are based on the output
of the CLASIX computer code provided by Duke Power Company (see attached
Fig. 1). However, they are readjusted by considering heat loss to the
struct ira) heat sinks (seconcary heat sink) represented in the model by

the % in, steel liner.
Description of Analysis

With the assumptions listed in the previous section che following heat
transfer mechanisms are postulated:
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Heat transfer between compartment's environment and the casing

(a) Phase |
P, = Pyt ‘?E,rc ()

where: Qa - total heat flux ducing Phase 1 between compart-
ment's environment and the casing

¢* - heat flux from the flame by radiation

41‘5 heat flux from the cold gas by convection

Note: A1l heat fluxes are in: Btu/hr ft°
4 “
é‘c v".ﬁ"sg- F [(45099“)- (4‘0#';) ] (2)
where: o= - Stefan-Baltzman constant = 0.1713 X 10‘8 Bt /hr ftz oR

E‘ - emissivity of flame = 0.2

€.~ emissivity of casing = 0.8
F - view factor = 0.58

The value of the view factor F is obtained by arithmetically aver-
aging two values of F: one when the flame is still at the opposite
wall (F = 0.16) and the other when the flame reaches the equipment

(F = 1.0)

Gh - temperature of flame = 2053°F, based on adialsatic
temperature of burning mixture of air and 10 v/o

hydrogen.
6, - temperature of casing, OF
ras
%‘G' 0.32 ( 9‘; i 9‘_ ) (3)

This ia an expression for natural convection heat transfer in
laminar regime.

where: 63‘ - temperature of cold gas, defined by equation 19, OF

(b) Phase 11

cPTl - ?«r'h N ?c‘h (4)

*
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where: qb - total heat flux during Phase 1] between
&  compartment's hot gases and the casing
@, ., - heat flux from the hot gas by radiation to tne
casing
¢e‘h' heat flux firom hot ga. by convection to the casing
The heat fiuxes from the hot gas to the casing are based on the
average gas temperature obtained by averaging the highest and the
lowest gas temperatures reached Lotween two successive burns. The
averaging is calculated differently for radiation and convection
(equations 6 and B8).
“ A
¢ s o-.6,+6€ .F[(4‘°09r“)-(4‘009¢) ] (s)
vgh S =
where: 6* - emissivity of gas = 0.6
F - view factor = 1.0
- § 4 Q]
(460 + 8ca) = Vo [(460+6gu) + (460+6gc) | )
9‘5\ - temperature of hot gas, defined by eguation 18, .
5 1es
Topp * 08 (€ear 6e) (1)
. |
where: 9:.. = /o ( 9“ + 9‘5) (e)
2. Heat transfer between the casing and the internals
)
3
‘P\' e ¥ Tee (9)
)
where: ¢ - total heat flux between the casing and the
T internals
¢ - heat flux by radiation
re
¢“ - heat flux by conduction through 3 in. air gap.
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4 -
b, = o€ ¢ F [(460% 6e) - (4604 &) | (10)
where: € - emissivity of irternals = 0.8

F . view factor = 1.0

ee - temperature of internals . %

¢, K (8- 6) ()

025
where: K - thermal conductivity of air = 0.25 Btu/hr ft OF,
3, Heat transfer between compartnent's hot gases and the liner (secondary
k. at sink)
" ) ’
P, = q;'rsh t Pegh (2)

"
where: ¢1.. - total heat flux between compartment's hot gases
and the liner (secondary heat sink)

q;r‘hg o= - e" e % [(46040 \ (4‘009‘)] Qs)

where: €, - emissivity of liner = 0.8
an. - zverage hot gas temperature, defined by equation 6,
oF

9“ - temperature of liner, OF

F . view factor = 1.0
1+ 3%%

)
= 013 (6“- 9._) (14)

®

‘h

This is an exprescion for natural convention heat transfer in tur-
bulent regime.

where 6‘ &” average hot gas teperature, def ined by equation 8,
oF
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4, Adjustment of cas temperatures given by the CLASIY (ode
The adjustment consists of including structural heat sin'. (the Yiner)
in addition to the heat sinks considerea originally in the CLAoIX Code
(ventilation and ice condenser) and calculating th: fractior of heat
from the gas in the compartment which would go to this sin'.
The frac .ion of heat removed from the gas in the compartrent is given
by the fi1lowing expression:
Nz Ya(Bmes +0..)- (160~ 26) (18)
7 (Buax + Bmin) = 160
where: N - fraction of the sensible heat of the gas in the com-
partment, as determined by CLASIX Code, which is trans-
ferred to the structural hesi sinks
(2] ©_ . - maximum and minimum temperatures from
WMas ) TWIm CLASIX Code, defined in Fig. 1
t 4;
o b ,J T : 4t (16)
o Aot Co
where: A - volume to area ratio (for heat transfer) for the
compartment = 4.3 ft,

Qo - density of gas = 0.0534 1b/1t3

C, - specific heat of gas = 0.25 Btu/1b °F

¢ - time between burns 0.061 hr. (220 sec)

t
"
&. (1)
(8), 1o Z | ) oie
= \ © '\l. ?L L
8, - %
where: L) - temperature of liner after n~ burn, (the

" maximum value of n is 10)

M. - volume to area ratio (for heat tran.fer) for
c:rnct.; """"""""""" l l el i [
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© - density of liner - 439 w/ft° (steel)

€, - specific heat of line. =0.4 Btu/1b % (steel)

9%\,‘ g 9,,.“ '(l* N) + 60N Gg)

o (D-N) + l6OM (19)

The value of N and (B)n were determined by solving equations: 6, 8, 12,
13, 14, 15 and 16 using iterationm techniques. The results are shown in
Fig. 2. [ney indicate that more than 75% of the heat, which normally
would go to the gas in the compartment and raise its temperature, is
transferred to the secondary heat sink. In calculating the temperatures
of the casing and the equipment the value of N = 0.75 is therefore used.

5. Determination of temperatures reached by the casing

ihese temperatures were ci culated by means of the following equations:

" t t
(&), = 160+ S [‘;":":"5:([. %, dt +1 ®, l*) (av)

where: (9¢ w - temperature of casing after nth burn, Of

A - volume to area ratio (for heat transfer) for the
casing = 0.208 f*.

Q. - density of casing = 439 b/ft3 (steel)
C - specific heat of casing = 0.14 Btu/1b % (steel)

¢, - time need:d for the flame to cross the compartment, hr.

t = .L:..’._'.’.'_'. (’-l)

vV - flame velocity = 1.7 ft/sec
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The values of (G‘c)n were determined for ton consecutive burns D)
solving equstions: 2, 3, 4, 5, 6, 7, B, 20 &nd 2] using iteratior
technigues. The results are shown in Fig. 3.

6. Determination of temperatures reached by the internals

These temperatures were calculated using the expression shown below:

" t
’ %,
\ee.)n = 160+ Zl- [L A fe:Ce d't] (22)

temperature of internals after nt? burn, %

where: (ac,)

A, - volume to area ratio (for heat transfer) for the
internals = 0.0667 ft.

density of internals = 200 1b/ft.

e
Ce

The values of ( Be )n were determined for 10 consecutive burns by solving
equations: 9, 10, 11 and 22 by iteration techniques. The results are shown

in Fig. 3.

specific heat of internals = 0.14 Btu/1b OF,

Results

The temperatures of the casing and the simulated electronic internals were
determined for a11 10 burns postulated by the CLASIX Code to occur in a dead-
ended compartment of the containment in the McGuire plant. I e maximum
| temperature reached by the transmitter's casing after the 10th burn is 3209.
| The corresponding temperature for the sjmulated internals is: 2049F, (see

E attached Fig. 3).
A Naememala

kK. 1. Parczewski
Chemical Engineering Branch
Division of Engineering

cc: W, Butler R. Vollmer
J. Long 1. Rosztoczy
J. Meyer P. DiBenedetto
V. Koonan R. Tedesco
D. Ross A. Schewncer
L. Rubenstein R, Birkel
C. Tinkler H. Levin
»!pgf“ifc omsogy [T ] |
suanaveh KParCzewskiimb _VBenardya. | . ... ‘ NN D IR,
3/ 2/81 i ‘

vaveh 3/3/81 1

oot e oo 4 USSR |

Nec tonw 3B nc so ke ozso  OFFICIAL RECORD COPY



ENT

RTM

CLBSIX

ol o)
-

DED Cn™

Outt

Max, Gas lewit.

4

a ¢

|
i : «
" | HERERE AURBARRERRE u i u
. - = u -
.H. - - - - = - - - -
~ e - - A1 - u.. - - ~§=§ >
S i m = b - AT lan]Ilu.\,-. B R
,.v - .’ - b4~ LAI‘I!\:\Y‘w -~ -pofag— S o b
. - . N . - -§- -§- - gl e e
EEERAILE HATEET L A FEAA A
- - B A - 4+t 44+t
- n ¥ & = <7L|‘I~.Tv..\‘l- 1Vt
o o = .h‘l .171v7ﬁ11;0‘l 111-7 .li‘lﬁ.
Y- 4 --ﬁ., B &
- .~l -1~ == ERRERE nddEEEE
‘ﬁ - - “1-4- 4§~ 441 -t -
’ » FEFEE TR -
o8 i T.l.'ﬁli =111
44 - +1 |- S H A
" ~4- e S = B E R =
‘— —4 |.ﬁ|., Iljl.wu = =
-t e 144
tir Hi 3
1 - = - “+t+t —.vT e
4 - -1t !LT:D AEorE M
L + -1+ SENEREas
—y
L RHTIRET =Zaazaggiaagigusuns .
= d ¢ A e -y 20 - -
=t = = - - B o R lv‘7 - e Preeeny
2 - = o - o af WE S po —0
- T r T rIrrrrr - -{
2 < W S EREEREEEED 1T T_-h
- S R T R o I o B B B A A o -4 R -4~ e
- .. N = o ﬁ.\nn . lﬁ.l . Twl
PEEHEEEH AR - R HHE A .A-ﬁ.17 AT
3 o e e g o e =g = o = o o & A 1t
- » - - Ty .ﬁwl.L!o B & TITT
= an;T g 3 & -1y :1‘11
w~ T e gl e B ~4-¢-1 =

~ -
PR B

U8 A Bt

ame

.e

TIRE (SECONS)

-

POOR ORIGINAL

—————— »-»------‘—_—-lo—
-,
F o B g..- .

..

OFFICIAL RECORD COPY

ac

NROM 02

BC

DATE ’

orricEp
sunnau(’
NEC FORM 218 010



21

LIRS 2

-

o, 2 Heat Remavad frowm Mot Gas by Secondasy |

bead - Evded Cowpoar

-

le vaper

A00

300

" POGR gy

whure of apoo:un.qv\ Heat Sink |

E

CEPICE '.,

]
e:x:»!w'"

f s

oateh

P gt 44

NEC FORAM 318 N0 B NROCR 0740

©
4

wodbe bt b gy diddd 4449 g 4 W i iedt
o 3t o i N, SN0 5 1 Y ¢ b . - d .
. . i Sy B i J - - -
AR (RSSISIE FRI— S IR SRR A SRERANEES SSE—— - S
J oy { V| A St s bt B b 4 vpereg e $-% ’ - 3 3 ok
o i | RS . o it b el B B R - HEREE A =
. N - + HDENER WG e L W8 - Aoy v fospl ol
Byt gty 31 o chalSs E % ML o i (RGPt K IR St i Terrencs 3. . . ®
- - - ] - - .. - oo . o ) - L] v 4 - + - °
v LN - . R e gt | .g..AA. L R [RPRITERPIRS: QR -— 4 g “
. . — - IR ot mishatsalis ol ot of [T (ARSI (A B e e e e
i i . dety 4 s R E. . LIRS WCEENER: WA P& IR — -
WURNRRDNS. 3 (Gl Sce e e e e . -— ¥ SIRDYIS! SN
S A 1 4+ s + y P Ia— PO B bl
ol + ol ot el b - iy ot - " | . Ry ;B
" " " - $ 4 $ 5 T TRew e b ome PSSR SR
v > - * oyt . -——y— ..»tA..«...i r‘.. .<¢§ — P—— SNEY [ ]
roms ewEE puivns buswy PN SR Jeees . = m— — - S P o
b P e §ot ap ol ety P I ITNG SN BUIEReS S -ty FI . | il ddd s 9B
- " - - " FIA O TS O R v4¢ - AN IRV W - . i o g e b g s
P T N I SPEE. e O ) oo e ..o-ﬁl.- -
r—— 1 p— -4 — —— —— . — —— — - B . ——e—
(= -+~ —p et bt 4y . . p- . nﬂ P Bt oy o - . R e . .
] Ay ed g + - ) S S . bl R R S .4' - - pd it andb
- F PRI Se i T b el JLGLIE 552 0w 9054 - .- ke s
- - il RS E - S bl ©
- o 3 | ”
s P RN P ¢a4.734..- orb 0 AT W
4 3% Y LS A1 =3 bl dd el s i RS B REER W duded g Jon ot
MSS— — — PRI SERSURNDS T N W0 vi—— - : R Y it et el
e .. P N v & » - ve .- -
i« 1 5 0 B ® W . 4 3
P 1 . Eli O LB s (5 O 0 88 Wi - 4 W . ol o v - .
- - - - - - - . .- .- - - .A& B - - - - - - c
; % : 8¢
. N 3 - S b oo - gy
i L s MY e - o e Yt B R gl . W9
1 o4 Euv s T Bt pi | -3 skl s pa % &k Sage S
- e e d - et v+ 4 . ol B b kil ..AJ.ht' i SE A S > b ) 0 s e -
~—— e — - 4 Al e
e e A, 757 LAag-d dnbas - DS e I i el g
oy |.u0.5..~‘u .v.4+ 3o - B s S & e T ot rogucgipe g e e m
.y by sl bt 1 | IS .. it Fé I S IR S 3
- 1 " n m oo
- T b s 4 ‘ BRI SS—— AU SAver e y - _— —.
g - depanl N~ § whid - aad B R | TArAsy |
— - - . -~ - B - e o b e
14 . W T . - 1 . N i
PR IEm—— SSS— PRILSENTS SESTS—— SRS -
o M 8 3« [ y oo TN o
- - —- - e At ~ ﬁJ -y o N - B e B
. - o—e - 1 ek el - - oo " -
- Lo s , IS N RE Rt etpenpdl - i = m
: segals- } ,1._ ek R TR O I SR 3 o (O Y
B e s Bt s S o i .4.«[744*; L (e | p - ik s - BESTEES SRS -
SEMPrAR S it LR o o= I W N D R bebont g ..LuJi'l. RSP ES WS A
- - A —— e Sl e B PR [ § I — s gy ot i i et p—— o i
- - I -
. PR BT DRt St o o 3 . . 1'7« S G B - - —— enuanp vy - o it b
e = s P et s B st <o o = popdp e i S B S B . Sl -_—
FRDERET [ PR SPEERREE PEETCS 3 O e O i 1+L.+i‘ boseal o aney =t R AT RS Ranis G
ot i) et . ot o+ 1 PRI O N B B N B e St BN FLESSE ST SRS ©
5 i S, B, SN MR AT D) 6 I T i 01 - N e TG T T “
@ o R b Sreraiy e BBE B S A e e el Ly i P -
- - — P e B . ouf!o.Ll. - — . S - m— b e e e e o
b i s Seae SN B SR i il g - N il ] g il o o i rcvapill g @ A
S RN S R - B T Ly . PREEE IR, S e s s A il e -
. Vg wi - by woadd B & el R PRI IE FERERE e JPUPSNEIEN : & .
e B rih, LIRS R 5 b o ) s sy IR - o
| b PR . e ’ NS - -— ot
¥ N - . - - - — - - . . - - - Au
s -~ = - pepa— - —— FEE et -
- g ’ . . -a - ! B dad i O e -
B BTV o, R | i : il 11
e g ’ PSRN (BRI I SEraA el o A 1lesh o gt Y 3 Pyl i .t
| - c 3 @ s [ JI4Y [ RREEER I (A g e o . i &R -
. - el ‘. + 4 4 W R P ™ . B R . R T
—... | 4 m| 'S8 K L e B I RS R WASAE SRS Lo s L St °
W - l.’..«!t[ “Jii “.!II.. e
e & © & o~ %
I SRR hwsnailsbos | | |
........ Jransie A E S ’ - i
ey g geay Advpuoang Ae pracwmd _
SRR T wpueang pRraoway  JURM
) | |
‘.P FIR S ! |
R — IR — . it pintin - . it
<o Wi b




ELLE

s_ - g S 1.1-«4 [
. . VOS] Gy
5 2 | . i HW
> s et araey S | i i S
" N1t L En sames e
Ao ) S s

- b e o e
o T T e et O & AR [ S

S e SRS, :HiMﬂm:J-meJ
% - o s T e Vi > g
¢ . i) oy g o e

R RS EERRE L Tams i s pnann enterd FEE

wurins
s
{
v
1

of Cas
o

2900

bead- Ended CTowmpor twment

i

S M o l.”.. M NE R .
A e fivg . . ) T o 752 o -
/..o'. ‘- P (A o e ey -
-
..
. N .t @ o —. " it - - . g - -~ 4
. - B WFR SR W + b 1 0N NI A A
o L = R T B e = I I It
: - Ll )
- m
3 : TG R o S T Rl B
4 iy i Sl () N S SRS S o
- - 5! ¥ B - AN A et deaded et "
4 e’ S = v e iy Mt 5
o = SR 151 i ey - A g .

e i
i

‘

1 4
4 17

lewapera
i
l

4~ vq =4 — n e -— b
- R - - . - . - - . — R F*. - - - ———— .
e 4 ] - + v —— - I T i e e o
1 ~ T - ). - —y Rl -
i B e S i S Tt s R AT A i I | 0 LT TGN Sl
FIEE s 4 b " 44 - o b - - 3 -4
+ 4 % N Y + sl b ded i i
y - - - - - . ddic by
4 4 . - | 8
—— e s o T ——— e - 4
R -
SRR THb. . N D -
3 SN CEFSIpSIEES ISR WSS TSI TS S e EREREPE— - ll...u’uc[,rll ———t
- T TR s a4 it - dor bl -
4 R R -yt B B - il |
° Jur VER TN . + vt 3 PR U .
¥ - - :qd 4 4 .
— e e e SV EICESEUIUIS WIS VIS NS NS SRR
F $ - T
L ro— “ -
. s ] ' . S
- . ¥ B .- s ) SR RSV S i e e csliinsandelii ve sebing
y ] e e . . - - - -
— + U (PSR — " S & it -sb
-+ i i B 1 L} .yt IR . -4 .AnAﬂ - 4
B SEsRNSRESESERSREEabaRuS i 1 e :

&. \ dus+dbu&c¢..~..|

1Sue

r
il
0 B

$

bddd ko il

4




