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‘HATHEMATICAL ASSUHPTIONS FOR THE GALOUIATION OF OLEAN WALL MPE.RATURES _

Ezperionoo with paste preheators ahm that with 1noreasing on=stream
timo the prosgure drop on the product side ‘inoroases éteadily under constant .
-operating conditionss-this.results-4n higher-recyole-heating-gas- temparaturou -
for the same quantity of hoat tramsforred which in turn leads to an inorease 1n
‘the wall temperature of the hairpin tubes. On the bagis of sotual’ physlcal
inspeotion’ this phenomenon is explained by the formation of orusts on 'the inside
of the hairpin tubess durihg contimusd ‘opsration the %hioknene of these orusts of
“low heat conductivity imoreages slowly.- The following mothod of calculation has
beon workad out by Dr. Wilde, I. G. Oppau, and 4s to be used for the evaluation
of data on paate preheaters ‘oolleotad from all hydrogenation plantso
1) Temperature of the clean outside wall, ‘The heat tramsfor ,
coeffiodort for tho eleen: ouiside wall for prcheators of iho semo de- .
oign and operating corditions-are desigmted as ¢y, The temperaturo flow in ‘the
preheater mat, of course, be knomm, The temperatures are best taken from tho
log=booke of ths correspanding plent units and are egalmted adoording to experi~
once, Tho heat looses of the preheaters: (5010 =4,10° kz,-cal,/hour) mist be
wasmbly distributed over tho proheater seotions amd the calculated nixing
temporature for paste and gas should be usedo The fonomng values are used for
the average speo. heats ) '

recyole heating gass 0032 kgo cal. /sta.ndnrd 3
: hydrogen: 0,34 kg. cal./standard mS
coal paataa 10,66 kgo calo/kgo-

The value 0,66 which 1nc1udes fluching o4l is, according to the 1o Geo_
valid over the- entire temperature region 260-450°C. at an average ocontent of ~
colid matter of about 48%. -If the concontration deviates much from this value
the specifiec heat value changes within marrow limits as ehown in fig. 1, oOf
course, tho various qualities of materlal flowing in the paste and mixture socc-
tion and also the quenohing gas for the hot separator must be taken into consi=
doration, Fimally, the efficienoy of the preheater, which should be around 70%,
.ghould be checksd since it indicates whether the nssumption of the quantity of
reoycle heating gas hag bsen reasonable, R

The valua for Lq hac been obtadried by using the aimple cags of a single
hairpin tube for ges. A heat transfor coefficient of K = 10-12 kg, cal./mC/hour
is caloulated for the finnsd gwface in this case, —The interml surfaoe of the
hairpin 16 pensrally F{ = 8 the pntire outer aurfaoe is F, m* for the
_xarrow 14 ma fin ipaoi and F% o 16D n? rﬁ- the wido 20 m s&oing Thejhoat |
tranafor oonfficient ag umd for the iute nerally expressed
as funowa: : :

1 sur face

\
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. For qhe more impoM :t;n.rrow k’in apﬂhoing it foll/.owa thats
LN (10—12 )26 e z\%o - 300 g, jcalo/n/hour,

For|a without £ fabricated from a material of the
heat \pom“o ron oguations can be writtems | -
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1¢ )\ 1o taken as 50 g, ealo/n/hour/%. and D' o.m m and Dy = 0,090 m, the
follwing oquation results: ‘

1 ., 1 4+ 000006+ 1 0,526
T A1 e
L _ 1 . o.00008
1 = K K1 .

Aa 0,626

For pure hydrogen at hs.gh prossure Ay mist assume a large value,
The lower limit liles at about %000, the upper- .one e.t"n,

T , °<£ = 2000 . —
Ky = 260 g © 300 Ky @ 260 Ky = 300
1 | 0,00800-0,00146  0,00500-0,00146 0,00400-0,00096  0,00583-0,00096
.= 0,00480 20,0086 | = =.0,00680 = 0500860
da | 208 262 L 222
average 2456 _ ‘ ‘ aﬁamge 197

Sinoos(a is used for calculuting the external and internal wau
temporatures from the temperamres of the reoyole heating gas and the produot it
i recommended to uso ‘

Ao © 260 kgo calo/mz/hour/%o

to engure that high caloulated valuea ure obtainsd, The temperature flow diugmm v
for nEe proheator indi o the ave t transfer E rromFt: distribution of

hair; n 'cubea in oh 8 otion and th 1n1t 1 and ond temperature differe: tials
T 7 t thox rte)d to Kjo The emet\. logarithmic average for

the. tmporume d‘lfferential e 48 on].y required : ift the ratio ry dov .tos

IV

atro ly from 1 since o1herw1afe the arimothie n.v?mgo L—z—n‘ i safatiafa toryo |

Table 1 N

| 1 /

1,0 16 |2 2.6

1,00 2,007 1,06 1,07 130

)
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‘ 'I'ho wall tenpemturen to be found are thoae of the reoyole heating gnu
rtomperature ., of the’ oorrenponding looation lowered by & definite fraotion of .
the. momentary tomperatnre differential, indopondent, mthemationlly . npea.king :
from the corrosponding valuoXg. If tp 1s the corresponding produot tempereture.
it follows that T e t7 ~ tp and by ucing the auzuhry valuo Ky the. oxterml
wau temperature 1s foumi an followss 1 Di

tg = (t(’) tP)
' H

Moty - ym ) WE
ety - (et

The internsl wall temperature is found correapondihglys
’ 1 D1 D4 Da '

_'ti"t/;) - (tb tp) Aar '2—-

Ry
kg

. Ki
ty -
q - t) (ty = tp) 3
Same of the temperaf:urea found in this way can be compared with meagured
walues whioh permits an estimation of the umavoidable disorsmncies.

Using the constant value for«q it is possible by using K, to obtain tho
mathenatically required heat transfer coefficient«(jy. This coeffiolent should be
valid for the intermal wall of the pasts hairpin provided thig is free from
‘deposits, If a value for. the actual heat transfer coeffiolent for wall-paste,. -
Aps is estimted in someway it 18 possible to determine the thickness of the
do osit orust,d , by meens of the heat conduotivity of the latter,A~1.5 kg, calo/

our/°C; Aassuming that the layer is @ plans surface it follows that,

-1- ] 3'_.4' ((;

~Ai 4B ~ .
N 1

é w)\_“'; iy R

‘ | Caloulations of this kind are,| howew}r, without real teschnical valug ..
llong ag\g cannot be determined rellably. A certdin 1ndication of the actusl -

mpitude of «tp ia «abt:amavd by ualou]apmgfqu valuos usizg a K-‘mlue dlotermined
euxporiTntané on new, olean hairpin tibes and the proviuuely c%:ouh%d

for:q3 according to this estimate V.p lies between 150 o calo/m! our/'c
ﬁopoﬁng on the temperature region ani thes¢ valugs are in acoordance with Kdvalu

1 pasts heat ex re, | -

3
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_ Theoretically 1t should bo possible to make conslusions:on the avarege -
thiokness of orusts from the pressure drop. The friotion cooffioient ;' 48 con-
sidered as constant, For the olean tube ) the subscript "O" 1s used |

SR =S o

In tho sbove equation, L signifies the linsar longth of a hairpin tube inoluding
the lizsar length of tho return bemds, etds; the back-pressure G, = ;f"f in the
uprestrioted diameter is directly dependont on the throughput of hydrogen, paste
“and 011 but also on presgure end temporaturo, Subgoript "b” in this case signl-
fles the state of the tubs wall in aotual oporation, It is assumed that the .
diemeter deofenses fram Dy to Dy 8o that Dp = Dy -~ 2§, where 4 does mot have to
havo the eame walue as in the previcus disouseion, ' The product flow rate then
must inorease with the ratio of the diamaters and. the aotial pressure drop{py
(kg/mz) as compa¥ed-to-the caloulated rressure drop will be 4n accordanse with

. the following equations ‘ < o :

Cme(®)

A.IS:-'.m 1 (1-07;;;)

_ For thicinessos which are emall in oomparison to tho diomotor, the equation 4o
simplified to the following forms ‘ X . '

| 6 - .
4P o (1‘--2-53) ~1-10f;

o 1 (18R
%I ~ 1 ( A%

. - The values for OP are taken from plant data whioh are corrected for the
pressure drop dus to the_pipe and check valve outside the preheater and due to
tho heht exchangsr; the corrdctsd values are them calculated for e single hairpin
tubeo Aqormst‘ o caleulated by uaEng certain assumptions, | Cheoklng can be j
“1inmited to the m e; seotidin, Th Pl

It should bo plt throught

‘ | - 3 . ‘ oy
. . Y W /hour. o~ (025 o/ﬂt&ﬂiﬂnrd m e
paot%e. (lno“\luding pa::ﬁ;.md }'fsuahing o?l)i B kk.?hoJ, ﬁ_si» 900 ygo/mso‘( o

I
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following galoulstion may serve as

o | L AR N b
Average values for pﬂessural and temperature in-the preheatsr are 700 atm,
'and |376°C, and the compressihility is talen ag 7 -~ 1.;.2., Fron the}Po asqpptloﬂn

* T”*“T" -‘Z%F-x 452%%’3 2 e
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Tugto +.081 |y _n_ ..... Sp.m..mﬂty ot; .A..;;_._,._.,o.zs WeB
B | mstwe M gt 5o
The baok proas\ire then 18!
., “W + B .
j =L % %) L 0287+
o "%, """"'?, LAy oy B
& (3600 X Dy*) 7@t e

.. (228 m') (z ;B\

19,62 (3600 3 0y2)°

or tranaformed for the paste throughput Bs

Yo ®

1 .

- W 1 W 1 ‘
19.62 (36007 D;%)° (1+1/4%) (z58 3+v00 )

. 1 2a+d Haens %)”
f'19.sz ° 900 (5600 3 Inl)e LE ) 7

In ordor to obtain a valuo 0l0ao to 1 for the correction factor which
o independent from g_ o "stanlard mixture” is chosen containing cqual parts of

W end B, The o_quation is then‘tranatomd as foumn

1
® 19,6250 (36003-Dy

The citorrect

1on fa

)

2)4 B2 (1 +4) (1 +258) F

' 4"6 oty 92;.‘3
ctor. becomes ' thens
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For Dy = 0,089 ™ 9 o

. - 5.6 .‘ 2
Yo = 19,620900022.9%

““‘szF'"""“""‘ .
1065’10 ’

Table 2 and ﬁguro 2 give F for wvarious values of% o

Table 2
B .
B 05 06 | 07 | 08 | 0.9 [ L1 1.2
3% | } 0,417 | 0,357 | 0,318 | 0,278 o,zso 0,227 . | 0,208
348 T | 6:96 | B.s0 | .98 | 436 | 3087 3,16 | 2.80
Foo| 208 | 172 | 146 | 126 | Il ‘ 1.0 | 091 | 0.8%
‘ v i

In the reglon under consideration the' following approximation happens

to bd valids
i

F~™3

10:\1 Bow :
1,667106

and alsgo

For walues i‘ot% gmaller thean thoso given in the cbove table F inmcreases
mors rapidly then indlcated by the approximato egquation.

The pressure drop per hairpin tube with olean walls can be calculatsd
from the following equation essuming L ~ 30 m end a friction coefficient

‘__"‘) .3.-4-5%: ' *
1
= 30

30 ’
05~

= 11,1%

697 2 i ’
w20 B2F kp/nf
108 g/

%

For compur‘.;.son o\l‘ the cﬁotermimd nmﬂ oaloulo.ted presaure dro\p it il\I
better to us;o “a’amospher«u“ as unit whioh leads to the fullom.n‘g equa‘bion. |
\

APo} "E(:,TU" B°F.
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¢ B i oxpressed in tons/hour tho equation is simplified tor

p 6.7 Lo
APo ™ 18 B(tOMAIOW)z

ST
_ Bitons/hour)” ¥
1500
Ueing an approximtion the i‘pnowi.ng almple expression resultas '

DF (m) 1010 B(kg/hour )
6,7 o '
= 1'616 B(kg/hcmx') (w8 /hour)

~B(tong/hour) (1000 m"’/hm)
" 1500 .

On the basis of this exprossion a diagram as in figure 3 can be drawn, A nomb-'
graph for the relation of the thiokness of the crusta and the pressure drop 1s -
given in figure 4.

In order to check on the imorease of the orust thicknesad with on-stream.
time it is best to use the actually determined pressure drop, oonverted to ons
hairpin tube, APy, from whioh the apparent friotion cooffiocient Sb correspond ing
to the origiml intermal diamoter Dy can be calculated as t‘ollowsu

‘APb @ _)b D-{‘io
,-é m LR
AN
© A Q 4
,23_33 _P_Eﬁz-;,;&. 1,6610°
= 2R a.tm‘ 6
| —B-é-p—l 60°10
. A (atmD 3 |
Sb. Ar 60

w(tona/hour) \F
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