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Abstract

The trickling phase reactor has been widely
Since the

process has not been understood thoroughly, the scale-up process solely depends on matching the residence

Dynamic discrepancies of a trickling reactor was studied.

employed in the area of hydrotreaing and/or hydrocracking processes during the last decade.

time of two reactors, pilot and actwal, reactor, based on the plug flow assumption. Therefere the dynamic
discrepancies between a pilot unit and a commercial unit has been often reported in the literature. This
study pursuits two major catagories namely the process time constant discrepancy and the steady gain
discrepancy which have already been reported elsewhere. The first report deals the time constant discrep-

ancy and its analog computer analysis and the second report discribes the steady gain analysis via Digital

Computa simulation.

1. # W&

Hydrocracking & £53 trickle phase reactor 9 &
2 HMWS E reactor dynamic model & hybrid com-
puter o] simulate & Ao MEHATHD. ol& T %
PEEEl 2293 pilot plant reactor o 4] Aoj=l ikt
3} i (information)E Zdl 2 AHL3G 7] o Fof
scale-up ¥l reactor 9= 2 dynamic o] = ERE zto]
Sz HE)HIEBTsE (control study)ol = @2 RELS 1B
AT, 2,3). AHIE ©]£13F dynamic discrep-
ancy &8 Sieldz A28 HEEL R reactor simula-
tion € @3 = dynamic discrepancy 2 FHR-L 4
3o 2 Figi# (packed bed)Z A%l §lo] /N reactor
S} Kt (scale-up) reactor f}2] dynamic discrepan-
cies & —fFEH SR GirstE st EA#dAE 2% pro-
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cess time discrepancy o] ¥[§+ REE=Ie o Egm o
Rl A s 12X (partial diffential equations)&
2o} 4 & His 12K (ordinary differential equations)
o2 ¥}i@Ede analog computer "t 2% real time
simulation & ¥ 4 $1& HES HRACH

2, WRAMD HE

AHFEN A tFE reactor model 2 adiabatic trickling
reactor o]t} o] 4 =z Tl REipyes 2T M
@52 97 4oHE). 2e R scaleupd Hix o
= F s g4 govt HBERE L=z mE
Fif] (residence time) =& B+ 2 &t scale-up &<
ZIHD. z# Y FE L pilot plant reactor 9 full
scale reactor o]l & B-& #ptEA975 2 (plupical difference)
5 BEE Ak B Bk (Adiabatic condition)
+ wF A717] Bt pilot plant A= HET ©7
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5 EST 28y reactor o 277 FHE =Y &
2 HAROE olFo] R EZ reactor o 4hEEo]
T EF#EME A= Eifel WA "9 EAE
reactor & [HfEo] 2w #%E channelling B

BT+ sled

Heatel Z-2 pilot scale A& 93] 8
flow 7k of AAd At £ 4 k). o] 2 A
2 T system ¥ F3 PR (residence time)S-
p]u'T flow model o] {fz8}o] A28k F reactor system

& Wrensf (residence time)wt wlgiviz  #A o
dynamico] & & 9% ZAolth =z HE g9
FrhA el RIEAE oFr] =92,

(a) Process time constant o] F#&

(b) Steady gain &] %R&

FE F REE o) bo} pilot plant ¢ dynamic 2
4223 —EY T (control study)E® [ #RLE
2 A0 @, 7). =2 AFEE 95 Hirete

2.2 dojt 4= 9l dynamic discrepancy ¢} EHE
TH e B T2 AgdAE
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wall
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3. #:& (Heater Controlled Adiabatic Reactor)
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Fig. 1. Heater Controlled Adiabatic Bed.

u} 9} o] reactor #43ei heater &
M EA BEET

B3l reactor
& heater & control 3= FHie
4 Zolt, = SFe o] BT MIEAAZA o8 A
9 oFE EiEd o] AAEHZ = FETY KEC=
E reactor wall & F74 ¢ stainless steel 2 Hof 9ok
o] oA HEL A& o] #HEY FAAA o)+ full
scale o] 1} pilot scale o)1} L2 EHTolmZ F9g
R 2 YA reactor B Zold] ¥E H5EEe]
A e BES 1 catalyst Fro] H 8 pilot plant
9 AeE 43V & hES 7}2 2 gleh zal4
TF% o] pilot plant &} time constant & full scale Bt}
= YA obE Zlo] HiEE v =z order ZA o] 3l
A HBERESS Wy ERs=2  pilot plant ¢
5] —%}(heater) o} st £:9) real time simulation o}
oloF H A} o] PFiEelE analog computer 7} 7}
A €418 Aot = simulation 3324910 o8 $- B
BOHERT 9L R hF-olok gt © %] reactor
9] Bgo] HSelrZ 2 2K analog computer 24
HFatr] 18 E Bho] ©rhd, 8).

2

&

4. Analog Computer Simulation Technique

Tubuler reactor 9] EBE=} KiELFT 458 simulate 3}7}
BY AEAe (DRNez Forddh
T, aT 1 o7,
= ot o) W
ol &= = #pi(plrypical property)e] 72 37 (i-th

layer)el ot RIEE 2 & &FE A2 EEKEMA(inter-
face condition)& ZrotalA o & HEEA Aok ot
o] &2 CTDS (continuous time discrete space)Z 3
F3 A finite difference equation .2 3hd = F A gk
2370 S5 o) (DRY el 2SI m A
2T HEEREEStbility)E R HY 44 2
increment o] #o] =& #XY EReow
computer 2 HIFE & A& HF 2 FEA AAS
Bl PACE 231R 9] size 2% & F3}7] o3 &xhE am-
plifier & #7} oyt B4 E F2a7e] ]9

2 Bt e, et o] FERAWE BEEEIAS
= ekx vh&st ¢ layer by layer &) #ulisz (energy
balance) & M4 £=EF o Fig 2= 2 #cy
(energy balanced) & #7] Edle] mFEo}A Schemetic
Diagram o]t} 2.5 i#IEY #uiF(energy baland
of 7th layer)8] energy balance & #olx=i

2k}t analog

81313 & M10H X235 1972 49



dQ;
9 INTGi ouT=""g, " @
28 3
dT;
q; our=k; 2rnr; 4Z I (3a)
k 2z 4Z
—. (Ti—T:-) (3b)
InTt
r;-l
o"@, 4.
(,
% KA /
%, . o’o,. h,
%, % Q
% % X \ =
% %, % \a\ %
o % \or\ ~ i o
I"O/ ke a: i’ Q:‘J
A%
G3
h; '
99,1 {dO,| {do.| {d8,
7 e e e
4
' T L I | A I [ LT,

Fig. 2. Schemetic Diagram of Outer layer of Packed Bed.

A i B IEHIRAR(steady state) @S] EEE
AR

@ ovr=in— —=k; 2z AZ(T-Ti.) (@

q; OLT—7n . —k 27 AZ(T Ti—l) (5)

o2 £rdo RW< od & r A9 5§ FR
S KRBT i—144 i 7429 BEFHE Jebd=
Rolth, 2=z KW G4
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In

T— Ti-1=(Ti_Ti-l) (6)
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LI EHaksee] SAEES 76 (temperature profile)E
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sZ@(transient heat flux)& vy Bed e
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BEXF 479 2 BES SAi(Profle)E BIFZ &
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().
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section & ¢; ;x 2 i-1 section & ¢; opr I ZF. El
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Fig. 4. Analog Computer Simulation of Outer wall Area of Packed Bed.
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Fig. 3. Analysis of Transient Heat Comp t.

AN #WEE HESIT = scaling & g oA
£ analog computer o simulate ‘G EH ol oHF
A7 A HESIERA = = Fig. 404 2E vt
o] BHIZ diagram o] FRH =22 BEF LE| =
A7 &2 AAT FE v 9T diagram o] 5, 2
7 #}9) heater 9] step input response £ Fig.5 <] }&
wyalel ole £FY FmiEE (interface temperature)
€ X-Y recorder o] ka4 @A ot

5. % @

Llbe] & Fez2 RREOSGTERS HEoHRA
22 3HA & A EFEER KA 2 #E K
& F 2 ole BFFHEE &4 #E RE M
EREQ) K (stability)o] A JF& Bz 2
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T 43tz =] FoEler € AL o] U K
HIFEEHE S R3S simulation o] vF? ot ? &
fRERle] ded o]l &Be #EERE (conductivity)
b Tz £FAbolo] wl Ziel e AF WEs
e ATNE 98 F I A BERERESY K
B(Fig.5 Zx)olA 2 3ojF3 g} ¢]2]3 simula-

(Reduced)

Temperature

Time{Reduced)

Fig. 5. Step Response of Reactor Surface.

tion Jipk2 344l analog computer TS 2 real time
simulation €& F®[ESHAl o THEHEEHEY =&
o] gtz AAHwt i o] Hikol HELY KEE
(calculation stability)ell 23 MEIZ71ol ¥l gE8my
BiTE Bl BEE BeE

Nomenclature
T: :Temperature at i th layer P
r; : Radius (ft)
a; : Themal diffusivity (fr*/hr)
k; : Thermal conductivity of ith layer (Btu/fr hr)
t : Time (hr)
g : Heat (Btu/hr)
Q : Sensible heat (Btu)
Z @ Axial distance (ft)
A :Constant (=
B : Constant (=
C : Constant (=)
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