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Abstract — This paper provides the information of the products and the feed for crude fractionator, hard to get from hardware
system, by using the inferential model of real-time operating conditions. By adopting two steps, the characteristic duetch pro
follows the probability function and the variables of the function depend on operating system and conditions. The chafacteristi
products and feed was obtained to do more efficient operation. PLS method was used to make the inferential model.

Key words: PLS, Inferential Model, CDU, Probability Function

LM £ F9] 24 959 2L dSste] $AxAL MMt S &
A gt AEE AFstaA) stk ol AR THE A H2 i
AEFEEL AR2Ae Ui FHOE qUAE Bol 4| ©= Friedman[if 959 §4 5 7 588 24 TBPE o531
Stal AJAHAdel &2 P2 wA= FAFY shtelr] Wi s = 7] $13) sl AWR] FRAG ARE-EE dl V) gl ot AA R} 5968
WUEY e ZEs] golobdt LA G wkgdsh, AFe Addd =5 ¥ d=d gk 9
gigh £Ao] AA|7ke = o]F ot 584 &8-S T 4 ). gt 2 =X e AFEY] deE §-840] AR A £4 7Ee &
A AEFEEY A A AEY] A Uid ARE 47 Sl 438l AA7Ee] SAWMTET $AZRA 52 B9l AE 9 459
FEAORE 8T ot AR} avtelw §A] gk f=]7) =90 st B} U2 ARE A2 U ol AEE SR
g it olE} 71 4ol Hi= Ahel thet B4 AATe s I TN AEY B 5 FETF Eve R FEYTY
= AL dA7A] Z)el AEe B ) HEES AR 98] AR vk F dAY 08-S AL
2 =M HA] Az Ae dAsta AAA 48 99 v Lo = Yol AE ¢ 959 B4 AST Ao, ol &
=A] Fagh B4 e g Bekely UiAshe WHoRE B4 E42 244 g RS AlFer) xR 02 RE GEFY |
718-8 831 AYSHFFANY LAx27-g B3 AATALL A ok AAEAd gk AANL PLS7ES ARSI B =54 AL
449 dolHe i 2 AH3A AE 2 AEFEe] dRede) 2
TTo whom correspondence should be addressed. Arjeleleln] U= dAAAA B =ee B'dd 452 99 crude
E-mail: sjpark@dgu.edu oil¢] assayHlolE1S o]&-& FTARAL Ho[HE AMS-EF T

431



432 o - )]

1000
900 4
800 1
700 4

LPG Naphtha LK HK
600 4

TBP (Deg. K)

500

400

300 -

200 T T T T T T
0 10 20 30 40 50 60 70 80 90 100

Distillated Percent(Liquid Volume)

Fig. 1. TBP data of crude oil and product range.
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Fig. 2. TBP data of CDU products.
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D(Distillate, %)= 100/(( T,/ T)*+1) (1)
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Fig. 3. Probability temperature density of LGO product.
*Data source: Simulation results by using commercial simulat
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Fig. 4. Probability temperature density of HGO product.
*Data source: Simulation results by using commercial simulat

1.0
—— Avg TBP vs Function A(Th=500,Bh=5}
0.9 A -« Avg TBP vs Function A(Th=500,Bh=6)
—= — Avg TBP vs Function A(Th=500,Bh=7)
0.8 —— Avg TBP vs Function A(Th=500,Bh=8)
: —— Avg TBP vs Function A(Th=5008Bh=9)
—— Avg TBP vs Function A(Th=500,8h=10)
2 074 —— Avg TBP vs Function A(Th=500,Bh=11)
B —— Avg TBP vs Function A(Th=500,8h=12)
= 0.6 4 +- Avg TBP vs Function A(Th=500 Bh=13)
8 - — — Avg TBP vs Function A(Th=500,8h=14)
- —— Avg TBP vs Function A(Th=500,Bh=15)
= 054 —— Avg TBP vs Function A(Th=500,Bh=16}
E —— Avg TBP vs Function A(Th=5008h=17)
© —— Avg TBP vs Function A(Th=500,8h=18)
2 044 —— Avg TBP s Function A(Th=500,8h=1)
=
o
0.3 4
0.2 4
0.1 4
0.0
300 400 500 600 700 800 900
TBP(Deg.K)

Fig. 5. Probability density function A.
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where, TBR, is temperature at 50% distillate
TBPy, is temperature at 90% distillate
T,, By are parameters for probability function A
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Table 1. Parameter of probability function A for each product
Parameter LPG Naphtha LK HK LGO HGO RC
By 5.3016 17.4541 36.4592 32.4062 27.3499 23.6067 12.2731
Ty 262.8636 373.3009 441.9055 494.6851 550.5835 619.354 749.7262
Table 2. Parameter of probability function B for each product
Parameter LPG Naphtha LK HK LGO HGO RC
B, 148.198 79.269 46.9499 58.367 76.866 100.985 194.103
T, 391.268 442.278 481.8223 544.615 616.630 705.908 914.873
Table 3. Difference between actual data and predicted data by using probability A
Distillate (%) LPG Naphtha LK HK LGO HGO RC
5 1.88 -3.25 -12.45 -14.60 -13.32 -20.06 10.78
10 18.15 -4.16 -9.13 -6.75 -3.00 -10.98 9.22
30 1.62 -1.40 0.31 0.35 0.48 0.91 -1.27
50 -14.48 1.60 0.74 0.64 0.66 1.23 -2.44
70 12.75 3.64 1.03 1.63 0.15 1.28 -1.56
90 23.11 -6.05 -3.15 -3.95 -2.35 -5.66 23.84
95 -30.93 -16.87 -7.57 -9.19 -5.63 -13.06 13.56
Abs. avg. error 14.70 5.28 491 5.30 3.66 7.60 8.95
Table 4. Difference between actual data and predicted data by using probability B
Distillate(%o) LPG Naphtha LK HK LGO HGO RC
5 17.96 7.02 -5.39 -6.47 -2.52 -4.46 21.67
10 25.43 3.00 -3.65 -0.55 5.10 0.66 15.72
30 -3.00 -1.09 1.76 1.70 1.98 3.33 -3.45
50 -19.50 -1.38 -0.09 -0.69 -1.39 -1.25 -5.98
70 18.41 0.58 -0.46 -0.33 -2.66 -2.33 2.80
90 77.81 0.78 -0.37 -0.23 261 0.98 68.68
95 69.45 0.71 0.32 1.15 8.31 5.53 95.65
Abs. avg. error 33.08 2.08 1.72 1.59 351 2.65 30.57
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Fig. 7. Comparison between predicted and operated TBP values by us
probability function B.
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where, D is distillated liquid volume percent at temperature T
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Table 5. Optimized parameters of the probability function B with operating variables for LGO product

fr i), fgi(X) Csi C; Description

1 5489.8 5924.8 Constant

X -0.02487 —0.10585 LK product tray temp.

X 0.12229 —-0.18639 HK product tray temp.

X 7.0784 8.3702 LGO product tray temp.

X -14.279 -15.158 HGO product tray temp.
Log(x/(100-x)) 28.211 21.812 LK flow rate/feed flow rate*100
Log(x/(100-x)) 21.776 30.258 HK flow rate/feed flow rate*100
Log(x/(100-x)) 186.76 161.9 LGO flow rate/feed flow rate*100
Log(x/(100-x)) -47.734 -44.636 HGO flow rate/feed flow rate*100
Log(x/(100-x)) -26.644 -14.599 Overflash flow rate/feed flow rate*100

X 3.6998 83.896 LK specific gravity

X -169.06 -34.318 HK specific gravity

X -1197.4 -1270.8 LGO specific gravity

stst=8t M40H M45 20024 8H
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D;(T) is distillated liquid volume percent at temperature T
L; is Std. Liquid volume of i product
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Ty : parameter for probability function A

By : parameter for probability function A

T, : parameter for probability function B

B, : parameter for probability function B

TBP;, : temperature at 50% distillate

TBPR,, : temperature at 90% distillate

Di(T) : distillated liquid volume of i at temperature T

L; : standard liquid volume of i
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