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PROCESS APPLICATION BRIEFS CRUDE OIL DISTILLAT/ ! 5.

Revision

PROBLEM R3
CRUDE OIL DISTILLATION SYSTEM
A crude oil distillation system is shown in Figure R3-1. Total charge to the system is 25000 barrels/day of crude oil.

The crude oi!l data are as follows:

T8P Distillation Light Ends, LV Percent on Crude
LV Percent °F Propane .18
i-Butane .30
3.83 g8 n-Butane 69
5 125
10 167
20 227
30 291 APl Gravity
40 370 Average 35.0
50 460 Mid LV Percent °APi
60 552 12 66.7
70 643 19 55.3
80 799 40 376
90 1023 62 27
100 1440 82 19
Desired Product Specifications are:
ASTM D86
5 Percent 95 Percent cAP}
Gasoline — 200 ——
Preflash Naphtha 205 370 -
Preflash Bottoms —_ — 25
Heavy Naphtha —— 375 —
Jet Fuel 380 525 —
Diesel Fue! 515 700 -
Topped Crude — — 16

it is desired to determine the following:

The product yieids

The furnace duties for both columns

The tray loadings for both columns

The side cooling requirement for the crude unit, C-3, which results in Ls/V1o ratio of 0.35.

Desired column operating conditions are:

5 MMBtu/hr side cooling on the preflash column (C-1)
400 Bbl/day overflash on the preflash column (C-1)
5 LV% overtlash on the crude unit (C-3)
100°F Condenser operation on both towers
Preflash pumparound rate of 5200 Bbl/day
Crude unit pumparound rate of 4700 Bbl/day
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PROCESS APPLICATION BRIEFS CRUDE OiL DISTILLATION SYSTEM
Revision R3.2
Column operating pressures are summarized below:
Column Tray PSIA
C-1 Condenser 48
C-1 2 53
C-1 13 55
C-3 Condenser 20
C-3 2 23
C-3 16 25
Estimated requirements of 115 psia stripping steam are:
Column LbfHr
C-1 3000
c-2 900
, c-3 1500
& C-4 600
C-5 650
CRUDE OIL DISTILLATION S5YSTEM /‘f
E*@; —N
27
@ 2/ | C,? GASOLINE CP HEAVY NAPHTHA
i © v O (
A 7
Iy
_g,f' WATER 8 ] w:“gn
Fig. R3-1 —T] 2 oM E
e ol @ w0f e‘) 2 |e—(G) sTEAM
® @ 7! JET FUEL
12‘—— @
- 3
C%IUEE o NAPHTHA aa , @
@_—’@;—31_1 STEAM ) T TYe | @ T orEset FUEL
L
' FURNACE 13 15 |
€ — 16 STEAM @
STEAM
o
BOTTOMS RTA : TOPPED CRUDE
” -
FURNACE
R W

SIMULATION MODEL — SHORTCUT CALCULATION

the multidraw shortcut column is first used to determine the

product yields corresponding to the desired specifications.

The required fractionation indices predicted by the shortcut calculations also give a qualitative check on the required tray

sonfigurations for the columns.

The crude oil assay analysis data are entered directly into the PROCESS stream data. The stripping steam flow rates are
also entered to get an estimate of the water distribution in the products.

=

C

Figure R3-2 shows the flowsheet for the shortcut modet of the system.

The Braun K-10 system is chosen for thermodynamic data.
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Revision R3.2
CRUDE DISTILLATION SYSTEM - SHORTCUT MODEL
¥ )y ‘L
Fig. R3-2 CTWA HEAVY NAPHTH:..C
"
PFWA GASOLINE @

> WATER

WATER JET
Y FUEL @

»{ 5
@ NAPHTHA O

L

G} CRUDE QiL

@ DIESEL FUEL

BOTTOMS

PREFLASH
COLUMN

TOPPED CRUDE

& G

CRUDE
UNIT

COMMENTS ON RESULTS — SHORTCUT CALCULATION

The product flow rates to satisfy the ASTM and gravity specifications are as follows:

BBLS/Day LB Moles/Day

C-1 Water —_
Gasoline 2850
Naphtha 5420
C-1 Bottoms 16800
C-3 Water —_
Heavy Naphtha 1915
Jet Fuel 3780
Diesel Fuel 3765
Topped Crude 7335

5200

13400
22000

3660
6700

4500
5930

&)

The fractionation indices (which correspond to theoretical trays for the Fenske shortcut method) indicate that the theoretici
trays assumed in Figure R3-1 are reasonable for the product separations specified in the shortcut.

SIMULATION MODEL — RIGOROUS CALCULATION

The Simulation Flowsheet — the rigorous simulation is identical to Figure R3-1 with two exceptions:

« The preflash fumace is simulated by piacement of a heater on tray 113.

+ The crude unit furnace is simulated with a heater on tray 14.

I3
L
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PROCESS APPLICATION BRIEFS CRUDE OIL DISTILLATION SYSTEM

Revision R3.4

Both columns are simulated using a subcooled condenser, type 4, with the temperature set at 100°F.

Feed Stream Data and Recycle Estimates — The crude oil assay analysis data is entered directly the same as in the
shortcut caleulation. The side stripper vapor returns are estimated assuming only stripping steam as an initial guess.

Performance Specifications and Variables —

Preflash Tower — The bottoms rate is specified at 16800 BBL/day. The naphtha product is set at 5420 BBL/day on the
side stripper. The overflash is set at 400 BBL/day. The preflash condenser duty and feed furnace duty are calculated to
satisfy overflash and bottoms rate specifications. The naphtha draw from the preflash column is calculated to satisfy the
naphtha product specification,

Crude Unit — The bottoms, diesel and jet fuel product rates are specified at 7335, 3765 and 3780 BBL/day respectively.
The Ls/Vyo ratio is set at 0.35 in the crude unit, and the overflash from tray 13 is set at 5 percent by volume of the feed. The
crude tower condenser, side-cooler, and feed furnace duties are calculated to satisfy the bottom product, L/V and
overflash specifications. The side stripper product specifications are satisfied by varying the draws from the crude unit to
thg*‘ide strippers.

Initial Estimate Generator — The initial tray temperature, vapor and liquid profiles were generated automatically by
PROCESS.

COMMENTS ON RESULTS — RIGOROUS CALCULATION

The output includes the ASTM/TBP curves of all streams for PRODUCT ASTM CURVES
both the rigorous and shortcut distillations. The ASTM 50

curves are also shown graphically in Figure R3-3. All product

ASTM curves are in very close agreement except the heavy — #® RIGOROUS

end of the naphtha and heavy naphtha products. The heavy 700k =T - SHORTCUT

naphtha 95 percent point is 375°F for the shortcut and 343°F
for the rigorous. (Correspondingly the naphtha product has
an ASTM 95 percent of 370°F on the shortcut and 386°F on
the rigorous). This suggests that more trays may be required 800 -

between the preflash feed and the naphtha draw tray. DIESEL

€

JET FUEL

ASTM TEMPERATURE, *F

HEAVY NAPHTHA

-
-
ke’

NAPHTHA

Fig. R3:3
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INPUT SHORTCUT

TITLE PROBARS, PROJECTZCRUDE UNIT, USEKZSIMSCT STAFF,DATERJAN 1979
DESC PREFLASH AND CRUDE unl? SHMURTCUT CALCULATIONS
PRINT TP
DIMENSIUN ENGLISM,LIQVOLEBBL, TIMESDAY
COMPONENT DaTa
L181D LywATER/2,PROPANFE /3, IBUTANE /4, BUTANE
TAPCUTS SO, 150,4/550,16/750,4/1250,%
THERMODYNAMIC DATA
TYPE SYSTEMBHKIG
S3TREAM DATA :
PRUP STRME], TEXP®300,PRES258,BASI5eY, RATE 225000
Thp oAVA:J.al.ou/s,:szio.;er:zu.zzrfso.aolzuo.;70/50,uauzan.ssaxro.anszu
80,799/90,1023/100,1440,5ThMx1
11,81 STRNBL, AVGEIS,DATARI 2160, 7/19,55,3/00,37,6/62,2T/62,19
LIGHTENDS srnu:s.a:sxs-v.Pznctnr=|.17,cun!=a;0.15/3.0.31u.u.-9
PRUP SIRHIO.PItStl:S,CUMPII.Inﬂ,BASIstn.letz?ZOQO,PHASttV
PRUP lTRﬂ’lO;PRESII15,CUMP‘1,]00.HASstu,RATgtélbDo;PHASL‘v
PRUP sTRHISQ,DHESU11§.PHlSkSV,CUH9!1,IDO,BASISSN,HA!EtibOOO
PRUP STRH-21.PRE3-!lS.PHAsEsv.CUuP:l.xoo.aas:s:n,uarslxuaoo
PRUP STRHEEU,PHESIIlSnPHAStIV,CUHP:lolOO.BlSISIH,RlTEll5h°0
AAME | +CRUDE/&,GASULINE/S LT NAPHTRA/B, PF BOTTOMS/ {3 ,HVY NAPNTHA/S
$€, 4T FUEL/15,DIESEL/18, TOPRED CRUDE
UNIT QPERATIONS DATA
SHURTCUT UTOEC=],NAMEZPREFLASH Twi
FLED 1,10,9
PRGD STRN-c.Pnzs:aa.EUTPtVJaIE
PROD STRMES,PRESESY,CUTR(Y)zih
PHOD STRMay,PRESESS
WATER PFwi
COND TYPE=4,TENPRIgQD
CALC WUDLLw2
BPEC STRM=L,D88(95)2200
BPEC STRMES, D86(5)2205
SPEC STYRN=%,086(95)x370
SPEC STRWER,APIx25,DHY
SHURTCUT VIDRCe3,NAMERCRYDE UNTT
FLED 8,19,20,2%
WATLR CTwa
COND TYPLEQ, TEMPY Qg
CALC MODELE2
PROD STR™x]1,PREG=20,CUTPLV)IELY
PROD STRMZ{2,PRES223,CUTPIv)2%0
PRDD STRME IS, PREER 24, LUTFIV) xS
FROD STHM={8,PRESEZS,LUTP(VIn]00
SHEC STHMEL],0Bs(95)x378
SPEC 3TRME12,086(5)u380
SFEC STRM§2,DB6(95)55258
SPEC 3TAne15,086(5)2915
SPEC BTRMZIS,084(05)%700
STRHI]Q,APII[Q,DHV

.
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INPUT RIGOROUS

TITLE PRUBE2R3I,PROJECTSCRUNE UNIT,USERSSIMSCI STAFF,DATERJAN 1979
DESC PREFLASH AND CRUDE RIGOROUS CALCULATIONS
PRINT TBP
DIMENSION ENGLISH,LIAVOLeBHL,TIMESDAY
COMPUNENT DATA
LIBID 1,wATER/2,PROPANL/3, IBUTANE/U,BUTANE
TBPCUTS 50,150,4/55%0,16/750,4/1250,5
THERMODYNAMIC DATA
TYPE SYSTEMEsHK|0
STREAW DATaA
PRUP STRME),TEMPe300,PRESZS8,BASISEV,RATEZ25000
TBP DATA®3 83,98/5,125/10,167/20,227/30,291/404370/50,060/00,552/70,643/9
av, 709/?0-10251100 jU40,STRMEL
AP] STRMZ],AVGE3S,0AaTAZ12.66,7/19,55,3/040,37,6/62,27/82,19
LIGHTENDS STRM=}y,BASIS=vV,PERCENT21,17,C0MP22,0,18/3,0,3/84,0,69
PRUP STRMz9,PRES=115,CUMP31,100,BASISEw,RATEST2000,PHASERY /
PRUP srnu-:a.ﬁﬂts=1is.cunpz1.loo.nAsxs:u.nttzlilaoo.PH;SE;V /
PRUP STRMzi9 PRES=115,PHaSEsY,CUMPRY,)00,8AS1S8w, RATES36000 [
anP’ETEi?IT.Pwrsaz:s.vﬁ‘ﬁ%%ﬁitunvss.1ou.aasis-ﬂ.ﬁAYE-tﬂn°0
PRUP STRM=20,PRESE]115,PHASERY,COMPS],100,BA8]5en ,RATES]IS600
NAMF 1 CRUDE/4,GASOLINE /S, LT NAPHTHA/8,PF BOTTOMS/1{,MYY NAPHTHA/® (
1€,JEY FUEL/15%,0lESEL/18,TNPPED CRUDL ‘
UNIT OPERATIONS DATA
COLUMN_UID=C= ,HT"E:PPLFLASH TwR ‘///
é?fo 1, 1:(i:f&° 13/ o
KOD-UVYHDZT,BIMSEB,22000,LORAWE 3400, WATERPPFWA,1,5200
VLUND TYPESd,PRESTUE, TEMPRTOD T
UMEAT 1911/2,6,120/3,1
PA FRUM3B8,T036,RATEZS200,84518Y

U PRLS 2,53/13,55
Lpara rn;vugfj
SPEC STRMzETRATE(V)=16800

SPEC TRAYZ{0,PHASE=L,RATE(V)2400
VARI HEaTsy,3
11k ELE2,CTEMP=100 712)
SIVESTRIPPER UIDzCw2,NAMF2L T NAPH SPLT
FEED 6.1/10,2
PRDD OVHD=®T,BTMS®S, 13400
PARA TRAY=2
PSPEC TOPa54
SPEC STRMaS,RATE(V)sS420
VAR] FEEDz6
___ESTIMATE HODELs®}

COLUMN UIUs ,N
FEED B,14 D. -
PROD OVHD u o,LDnAu:l!.B,bTOG/lb 12 QOO.'ATERICTHlalo!tb
PARA THAYElS == e

COND TYPEs +PRES=220

NEAT /17241078018 |

PRES 2,23/16,25 —

ESTIMATE MODELZ2,CTEMP=100,RRATIDZ0,6&

SPEC STRMZ1B,RATE(V)Z7315

SPEC WIG.REFPIV.M )

Wnﬂnun:o.%,nﬁs:a %QJM‘{%-\,&)
H : e 7

$I1DESTRIPPER
FEED 13,14

< ’<<<§

-~

DaCwd ,NAMEZJET STRIP

| 4B b
PARA TRAYE2 - —
pSpEC TOPE24
SPEC STRMZ12,RATE(V)=3T780
VAR]I FEEDE1}
ESTIMATE MODEL=

$1DESTRIPPER CeS,NAMEBDIESEL STRIP
FEED 16,4720,2
PROD HDE 00

PARA TRAYE?

PSPEC TOP22u

SPEC STRME{S,RATE(V)=3TeS
vAR] FEED=2{s

ESTIMATE MODELSY

——
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