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HEAT SRAISFER ANALYSIS AND DESTCGN OF A FLUGGING INDICATOR

STSTEI FOR SRE

LEGAL NOTICE

This report was prepared a4 an account of Goverument sponsored work Nelther the Unlited
'b - Staten, nor the Commission, nor any person sctiug on behalf of the Commission
5 A. Makes any warranty or representation, expressed or implied, with respect to the accu-
Tacy, or of the in this report, or that the use
of any information, apparstus, method, or process disclosed in this report may not infringe
- - - privately owned rights, or
H © 'L’o bl@t"&eﬂ B. Aseumes any liabiiities with respect to the use of, or for damages resulting from the
use of any information, apparatus, method, or process disclosed in this report.
As used in the above, ‘‘person acting on behalf of the Commission’’ includes any em-
ployee or of the C or emp of such . to the extent that
- gy such or of the Ci or of such prepares,
IN' i E Gﬂ ﬁC‘T IGN disseminates, or provides accesa to, any information pursuant to his employment or contract
with the C: or his with such .

A general transient heat ﬁransﬁer analysis has besn performed on a
so@ium plugging indicator sysicem comprising a counterflow, concentric-pipe econc-
miger, heat cxchanger, floumetor, plug, and connecting pipe, Ths entirs sysiem
is assumed to be at somo initial temperature equal to the inlet sodium tempera-
ture and suddenly loses heat %o soms medium in the heat exchanger, UWhile sodlum
at a constant tomperature entors the plugging indlecator gysten from the main
sodivm 1ine of the SKRE loop, hsa®t ic removed by the heat exchanger reducing the
heat gtored in the sodiwm and compenenis and lowering the temperature at the plug,
The rate at vhich the minimum temperature at the plug decreasss is of primary
jintevest for two reasons: (1) It is desirsble to reduse the sodium temperature
o the plugging temperature in a reasonable short time. (2) Once the plugging
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emporature rango is approached, the rate of change should be small o nake it

pessible o detect the plugging tomperaturse accurately,

The perticuler requirements of the plugging indicator gysten have been
suggosted in an ICL from D, L, Condotta to D, T, Zggen on larch 7, 1955. On the
basic of these suggestions tho system is designed to be capable of cooling 1 gpm
of sodium from 750° F %o any plugging temperature. The design has a wide rauge
of control of the time rate of change of sodium temperature; in the range from
500-300° F a rate of 5° F/min or less is obteinsvle, At the plugging temperature
cooling may be latorrupied to produce an immediats veversal of temperature changs abv ug
plug. To meot these requiremenis, gas (spscifically nitrogen in the galleriea)

Y

iith {orced convection has boen gelected as the heat exchangs medlum,
RESULIS

A design for a plugging indicator system is that based upon conclusions
reached by the genoral analysis glven in the Appendix, The design and oparating
data is presented in Table I. A schematic sketeh of the design is shown in Fig, 1,
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and a detail drawing of a cross section of the heat exchanger is given in Fig, 2.
A typleal couling rate curve for the system where the nitrogen flow rate is de-
ercesed feoa 265 ofn to 70 efn whet the minimm (op plug) temperature veaches
400° T ig shown in Fig, 3. A Plow.r capacity of 500 ofm i gpecified ensbling &
nore rapid inilticl cooling rate than ig shown in the figwe, Tho outside of the
duet covering the heat exchanper, as well as the other compopents in the systen,
shoulsi be ingsulated so that there vwill bs a minimum of ecoling and tenperature crop

durs ag unplugging end cleaning,

The dssign consists of a U-typs econariger having concentric plpes.
“ts shell is a 1-1// inch stendard 30/ stainless steel pipe. The inner tube is
also 304 stainlegs steel and hag a8 1 inch outside dismeter with a 35 mil wall
thicknegs, The sconcmizer may be designed similarly with the SRE cold trap econo-
mizers, The heat exchanger eonsists of a bank of 6 parallecl lengltudinal finned
tubea of 3/ inch standard pipe each 2 feet long, enclosed in a sultable duct that
pay be a pentagon in cross scgtlion as shown in Fig, 2. The fins are placed longi=-
tudinally to accormodaste a "Calrod" typo heater for thawing frozen sodium, for pro-
heatings or for producing a vapid veversal of temperature change at the plug dwring
incipient plugging, The fing ave stainless steel and are welded to ths pipe to in-
sure that wmelting of fin material or bond between fin and pipe will not occur atb
the highest terperatures of operation, There are 14 fins par tube, spaced 24°
apart, each 1/16 inch thick and 1/2 inch long, 4n equivalent standsrd finned tuke
may be substituted; however, the thermal capacity of the system must remain ab 15
Btu/® F Yo preserve the same transient bohavior, A varlable spesd drive for supply-
Ing from O to 500 efm over the ducted finned tubes 1s required. The pressurchead
requived of the fan ig not specifisd, since the relative position of the fan and
heat exchanger is not yob known, The fan and motor might be placed outside of the
galiery using alr cooling if placing them in the gallery is objectionable,
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Feonomi zesr

Typ3 - sodiumetcegcdlum, eounterfiow, conceantric pipe

Shell - 1-1// inch standerd 304 stainless stesl pipe

Inner %tube - 1 ineh 0D, 0,035 inch wall, 2304 stainless steel
Length - 6 feet plus 180° standard weight, long radius return
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Econonizer {Contimued)
Tngide floW 8768 o o o o « 5 ¢ o o o o« o
Annulor sodivum veloCiiFe ¢ ¢ o o o o o o
Inside sodlum veloCidy o ¢ 6 ¢ v o o o &

Overall heat transfor ccefficient. . . .

Thermal ecapacitance, ine, zodim . . . .
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0,680 in”

0,451 ©t/8cc
0,472 £4/s0c

S60 Btv/h?mfh%,w.
~ 3.43 Bu/F

Typc - sodlw-lo-nilirogen, lougitudinael fiunsd tube, counterllow

Vowbhor of parallcl titos - 6

Tobe —~ 3/4 inch gtandard pine, 304 stainless atesl
Fing - 1/16 inch thick, 1/2 inch long, 304

Length ~ 2 feeb of fimnced swrface
Number of fins -~ 14 per tubs

Fin spacing - 24°

Ingide heal transfer 8Te8. ¢« » « o« o « »
Ratio of outside area to ingide area ., .
Nitrogen f10W 8768 + o « o o o o o o o »

[ N

L 4 .

Nitrogen heat transfer cosff, at 40 £i/sec .
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Fineffectiveness.........-...-o--.

Cverall heat transfer cosff. btesed on ingide area

stainless

gtesl uslded

L d

.

[
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2,59 £
8,31
21,8 in2
10,2 Btu/hwefi -tk
82.3%

o & @® o°o @ 6935 B"&'ﬂ/hl"'a"f'i‘;amr?

Heaters = 6 = G,E, "Calrods™, Cat, No, 44629, operating 3 in

series acrogs 230 v, 111 v each,

Blowel"capaci'iiy..ee......---

Jperating Data

Congtants
Sodium £l T8E0 o o « ¢ o o 2 & o o ¢ »
Inlet sodium temperatime o o+ o o o o o o
Nitrogen presSsur@e o « o o o o o ¢ o o «

Nitrogen temperati®® o o o o o v o o o .

Steady State
Mindnanm sodivm Lemperatuea™™ | o o . . e

Feonomizer parsmeter, Ud,/ve, (Ratic of

temp,

L * *

» - *

L

0-500 cfm

1 g, 450 1bhe
750° F

~1 at}&“

00;00.150°F

* & & 2 & @ 2500 F

drop

to temp' aPWGBCh) L] . * - L L 2 - e« * -] L) ® * o L o - [ 2 [ 4 10
Temporature approach in economizZer o ¢ v o o o o ¢ v o o o ~45°F

“*An equivalent finned tube heat exchanger may be substituted,
*#0ther sieady state minimum temperatures can be obtained by varying zooling
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Witrogen velocity thru heat aXchanger o o o o v « « o o » o 7.6 £i/seC
Nitrogon £1O0W o o o o o 0 o o o o o o a o « s s o + o o o » 10 cfm
Heat oxchanger parameber, UzAz/ﬁe, (vatio of temp,

drop to mean tomn. QiTfe) ¢« o 4 0 0 o o o e o o 0 0 o s o 037

Heat 1052 50 NitT0ZOM v o ¢ « o o o o o ¢ o o v o » o o o » L9 K

Trancient State (Typical Case, sce Fig, 3)

A, Plug temp, range 750 - 400° F
Initiel system Lemperatif®e o o o o v o o o s o o o o o 130°F
Nitrogen velocity thru heat oxXchangeT ., . « o« « » » » » 40 £t/scc
FAtrogen £1OW « o o o o o o o o o o o o ¢ 0 o s o s+ & 305 ¢l
Heat exchanger pavamster, Uéﬁszc 6 o e o s s s e e e o lld
Initial rate of temp, change 8t PluSe v « « o o « o o o =31, 7°F/min
Rete of temp. change at plug abt 400°F, ., , . . v & « » =12,5°F/min
Time required to drop temp. t0 500°F , . , . . « . « o 16 min,

B, PFlug temp, 2 400° F
Hitrogen velocity thru heat exch8nger o ¢ o o v o o o o ToS /860
Witrogen f1O0W ¢ 4w o o = o o 0 6 o ¢« o o o ¢ 0 6 o o » » 10 cfn
Heat exchanzer paramcter, UéAzfﬁc e 74
Rate of temp. change ot plug at 400° F, . . v v v o » « 6.4 °F/min
Rate of temp. change at plugz at 300°F, . . v v ¢« « « » 2,1 °F/min
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APPENDIX
Theory

The gystem is compoged of the components in the schematic sketeh below,

A
é
1 { ECONOMLZER 2
ST | e o s —— — o o e 4o in s oot amms o -
5
3
FLOWMETER | [ e
I
| | HEAT EXCHANGER
PLUG i
il !
| tgoee Ta
4

s

Considering an ensrgy bslance of the entire gystem, the heat added between 1 end 6
is

W e (Tl - Té) Biu/he,
The heat added betwesn 3 and 4 ie
82A2 ZSTm
T, + T
~ B -
UéAz (Ta - 5 ) Btu/he.

The heat gtored in the systenm is

n
d o )
95 ééi m; ¢; T,  Binfhe,

Provided the economizer, plug, {loumster, and connecting piping is well imsulated,
the elgebraic sum of the heats added as given above is equal to the heat stored,

T
T2+T£‘) a z
. ue (Tl'*lé) + U2A2 (Ta L ) y, = a'é Z miciTi o o v o (1)
, i=1
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where w = floy rate of codium, 1b/her

¢ = gpecific heat of sodium, Btu/1h-°T

s
T, = inlet temp, %0 economizer, °F

fed

‘I'é = outlet Lcmp. Tren economizer, °F
U2 = overall heat tronsfor coeff, of hezt exchanger, Bi.,.%/imwf,;_’zwcg
&, = heat ranofor crsa of heat crchanger, ."-:7‘1.'.2
i, = tenp, of meditm cooling heat exchanger, °F

inlet sodiuwm temp, Yo heat exchenger, °F

=3 +3
W
f

=z outlet sodlum Lerp. from heat exchangesr, °F

= time, howre
rags of sodiuwm or metal in ith comporcnt, 1b

oo
"

»

¢; = spoelflc heat of scdium or metsl in ith component, Biy, 118

I, = temperature of sodiumm or metal in ith cumponent, °F

3

The storoge tern oa the right in Eq, (1) may be sinplified by writing

a 5
i ar
z E‘;i{‘.j 'é'é""' = C a"‘g s 6 o o (2)
i=] - as
vhere C is the total thermal capacitance of the eabtire system and T is e weighted

avercge temperature defined by

;’3 kal

0.7, > m.e,T,
el A A 1 W0
I = = =

avg n C
My Ca
DI ]
=L BT
7 aon . . oA .
If an arithmcitic average tenporatirey ™ 3 » 48 used fer the purpoge of fwriher

P ey 5

sdmpiificatvicn, & corverponding hypotheiical thermal capacitance defiaed by ths

colloring oxprozeion mugt be introdaccd,

C = 'F ‘:-T C ¢ v & O (3)

. - . « - I'd », ~ - ., %
1 ealeulation revoals that the ratio of C/C is less then wity and aboub 0,8,

T T, =

Wi
Substituting Bg, {3) into (2) and the result into Iy, (1) and noting that T,~Tg =
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dowg Ty = Tg = §, + I (%, = 7,) and

| 25

whero F iz the fraction of the woicl icmpsrature drop in the gyatem thet occerrs im

the heat exzchanger) that is,

ria .’T’
I‘ = mné.m&
TR, -

U A -
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The steady state value of ?A is
m Erid - 1. l Kz
1im 14 N e ) Kzia g;;i Tl -3 BT Tl ()
oo ;U e @ ° o <
& — _ 3 1 @2
251 2 gy

Eq. {7) is plotted in Fig, 5 for varicus values of the hypothetical thermal capa-

ciance, C’, an economizer parameier, UiAl = 10, and an equilibrium tenmperature
we
of 250° F, The value of the heat exchanger parameter, By

squilibrium tempereture of 250° F iz obtained by solving for K, in Hq. (8):

s that gives the

T, w2
A - — )
5= ()T, + (545) 5

3. (9) is plotted in Fig, é for an equililrium temperature, %7 = 250°F,
Bg. (7) is also represented in Fig, 5 shouing the effect of varying the

econonizer parameter, 151 s on the change in plug temperaturs, TA’ with time,
wo
holding the equilivrium temperature constant at 250° F,

CONCLUSIONS

Seovoral conclusions way be drawm from the gencral analysis. For a fixed
systen to cool from 750° F at the plug to the plugging temperature (presumably in
“he range 300-500° F) in a ressonsble length of time either the thermsl capaciiance
(mass x specific heat) of the syatem must be extronely smell or the tempersture
drop that sccurs in the heat exchanger at equilitwivm must be a lavge fraction of
the total drop. These facts ave geon clearly in Figs, 4 and 5, reapectively,

Turther, vhen the time required to cool down to the plugging tenmpera-
ture renge 1ls reasonably small, the vebe at which the tenmperaiture is changing is
too large to get an accurate reading of the plugging temperature, Apparently soms
nethod is required to decrease the rale of cooling once the plugging temperature

o 01
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Fage 12

3

7ange is gpproachaed, The best method of control is to vary the heat exchanger
paremeter, U2A2/we. A vide range of control can be obtained in this parameter

if a gas is upsed as the coolant because it would be the controlling resistance
making up the overall heat transfer ccefficient, Ué. This is done very effective~
1y by changing the gas veloeity,

Figurse 5 indicates that & large valve of the economizer parameter,
UiAlfwc, is required to cbtalin a low cooling rate in thse plugging range., The
corresponding value of the heal exchanger parameter indicated must be increased
by three or four times to obialn a reagonably rapid initial cooling rate,

Distribution: SRE
Condotin, D, L.
Cygan, =,
Triliing, C, A,
Slettong H, L.

e 12
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