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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 of each product

follows the probability function and the variables of the function depend on operating system and conditions. The characteristic of

products and feed was obtained to do more efficient operation. PLS method was used to make the inferential model.
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2. ��� TBP� 	
���� 
�

J8��� ������	 :;�, LPG gas, naphtha, light kerosene

(LK), heavy kerosene(HK), light gas oil(LGO), heavy gas oil(HGO),

residue crude(RC) ��� ªª	 :;p� :;	 «¬�� ��	 ­

#r(TBP) �®  �Z� HI. �p :;	 «¬� 45ij i¯�

g ��� +9, ,-� :;	 ­#r S-# ������	 ,-�

:;  ���@°# $o< 
S�I.

:;	 ­#rp� 
< S-� ±�� �� .�²�	 ³´� �l

@°µ, ª :;p� �� .�²��G	 ³´� L¶  0 GU HI.

:;	 TBP S-# .�²��G� g� ��r  ·� HI# r� ̧

}�w, :;	 TBP S-� �`F G H# � ¹�	 .��G� �©

�� +�I. � $ �%# � (1)(.��G A)x º� Hill	 .��G

� �R���9, I� �%# � (2)(.��G B)� »¼� 3p�½I

. ªª ¾¿x =�  %§¢#, TH(V# TL) x BH(V# BL), �Gp�

	O �`~I. V< �p �Gp� .�²��G	 �=~ ³´� �À

I. Fig. 5� Hill	 .��G	 �GÁ �l� �� ÂÃÄ� %§¢�I.

D(Distillate, %) (1)

w&g THx BH# .��G	 �GÁ�� T# true boiling point� Å<I.

D(Distillate, %) , (q ) (2)

w&g TLx BL# .��G	 �G�� T# true boiling point� Å<I.

<Æ, ,�# :;	 «¬� 
< � r� 
< TBP� ÇF lÈ .100 TH T⁄( )BH 1+( )⁄=

100 TL T–( ) BL⁄( )2exp⁄= TL T>

Fig. 1. TBP data of crude oil and product range.

Fig. 2. TBP data of CDU products.

Fig. 3. Probability temperature density of LGO product.
*Data source: Simulation results by using commercial simulator

Fig. 4. Probability temperature density of HGO product.
*Data source: Simulation results by using commercial simulator

Fig. 5. Probability density function A.
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��G� �R�w :;5T� 
< TBP S-� ��F G HI. É :

;	 JP ��  v�w .��G� �R+# �G	 6�� G� (1, 2)

� º� �R+# .��G� �[ .��GU :;	 TBP 50% �r

x TBP 90%	 �r  �%�Ê ��~ �[(3, 4)]�I.

G� (1)	 �G# IË � (3)� º� %§¢�Ì G HI.

(3)

where, TBP50 is temperature at 50% distillate

 where,TBP90 is temperature at 90% distillate

w here,TH, BH are parameters for probability function A

V< G� (2)	 �G# IË � (4)� º� %§¢�Ì G HI.

(4)

where, TL, BL are parameters for probability function B

where ,TBP50 is temperature at 50% distillate

where ,TBP90 is temperature at 90% distillate

� (3, 4)# :;	 50%� 90%� 
< TBP Á  0 lÈ� G� (1, 2)

� O¨�# .��G	 �G� Ç�# ��I.

Table 1x 2# 10{	 I� :;(:;Í I� «¬x ��)� 
O ¤

Î&u  �R�w, TBP S-� �p .��G� �R< �x ª :;

Í .��G A, B	 ¾¿Áx =�  %§¢��, Table 3, 4� �� y

zÁx ?:Á	 ¯
 ¦Ï� %§¢�I.

.��G A� �R< :;Í yzÁx ?:Á	 TBP �x# Table

3x º� 
T��� ÐÑ< �x� %§¢��9, ¦Ï# :;	 ¹�

� �[ �� ��U ÒI. .��G B� �R< :;Í yzÁx ?:

Á	 TBP	 �x# Table 4� º� LPG� RC:;  :Ó< I� :

;�g# LI .��G ALI �.�� :;	 ��� 
�w �`F

G HË  0 G HI.

�� º� .��G	 |Ô� `ab� 0Õ� G�� �G $ :;

	 ��x Ö�� �[ I� ¶	��� �RF GU H� lÈ� �[

< :;� 2{ ��	 .��G� �× �RF G� HI. ª :;  .

��G� vO ������g IØ& ÙÚ ÛÜ� U��=(continuous

pseudocomponent or petroleum fractions)� 
< ��  R��� ��

�� ������ � ÝÜ���g	 :;��67  GÞF G H�

^�  yz�w 45ij  {|�� l:� ¾U �	 �L� :�

F G HI.

e f(�g# ������� 
< ª :;� ÛÜ.��G� �R

�w ª :;ßI 2{	 �GÁ�� ������� à.?< :; �

TH TBP50=

BH
1 9⁄( )ln

TBP50 TBP90⁄( )ln
--------------------------------------------=

TL
2( )ln * TBP90 10 9⁄( )ln *TBP50–

2ln 10 9⁄( )ln–
------------------------------------------------------------------------------------=

BL

TL TBP50–

2ln
--------------------------=

Table 1. Parameter of probability function A for each product

Parameter LPG Naphtha LK HK LGO HGO RC

BH 5.3016 17.4541 36.4592 32.4062 27.3499 23.6067 12.2731
TH 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

BL 148.198 79.269 46.9499 58.367 76.866 100.985 194.103
TL 391.268 442.2780 481.82230 544.6150 616.6300 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 4.91 5.30 3.66 7.60 8.95

Table 4. Difference between actual data and predicted data by using probability B

Distillate(%) 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 2.61 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 3.51 2.65 30.57
HWAHAK KONGHAK Vol. 40, No. 4, August, 2002



434 ����������	
,-	 «á  vO :;��	 Gâ � i¯� 
< &w� ��S �

�I. V< :; � ,-	 TBP  �� � GE� ,�� ��ij�

�[ ��ã G H& '(� 45ij��P� :;x ,-	 �� 

yzF G HI# _�I. �� 
< tu�� IË� ��£� �Ää

å�� PLS(partial least square, projection to latent structure) &u  �

© 45ijx .��G	 �GÁp ���6� «á��S ��I.

3. PLS ��� ��� ����� 	
�� ���� 
�

�

������� H�g :;	 ��x Ð� K"p	 æl� �[ �

�  d#I. �p 45 �Gp� IËx ºI. 

1) ª :;A	 q G

2) çè	 Ð
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4) /�� êë&	 Ré

5) Pump-around	 Ré
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±�, over flash �E, /�	 ±�, æ�� � :;	 ^�� ��  !

"# �Gp� 	O ��� ~I. e f(�g# PLS &u  �R�w

:;	 ^�� ��  ì# �Gp�P� .��G	 �G� yz��

I. PLS &u� ª �Gp A� ���6U �� æl�g íÞ�G�

¹Ü�G�	 �6�  ���� H� &î	 least square t�  
ï

�� HI.

ª :;	 ^�  �`�# G� (1, 2)� �R+# .��G	 �G

p� PLS &u  v�w M�� 45 �Gpx	 ���6�
 G�

(5)� 	O ��� +9, < y�, LGO :;	 ^�  yz�#  �R

+# G� (5)	 �G# Table 5� ºI. 

(5) 

w&g CL,i� CB,i# �GÁ�� f(X)Á� íÞ�G Á�I. �G	 ³

´# ª íÞ�GÍ� Table 5� %§¢�I.

�p t��p� ������	 �Gp
 K"	 qG, K"	 Çi,

ª q	 DE �� 	O ��+# _�& '(� e f(�g �R~

ælx I� æl�g# £ð	 G�� no�I. É �R~ ,� � :

;	 ��, ��67 � Gâ� �[ ���6� %§¢# íÞ�G	

|� � �G�� �ñ��� i¯� Uò�I.

PLS &u  v�w M�� ª :;� 
< .��G Áp�� ª :

;� 
< 5T�
 TBP� M�ó G HI. ,-� 
< TBP S-#

G� (6)� º� yz~ :;	 TBP S-� ª :;	 �é  8��

w M��� ~I.

(6)

where, D is distillated liquid volume percent at temperature T

TL CL i,
i 1=

n

∑ * fTL i,,= X( )  , BL CB i,
i 1=

m

∑  * fB i,= X( ) 

D T L1 L2 L3 L4 L5 L6 L7
…, , , , , , , ,( )

L i* Di T( )
i 1=

7

∑

L i
i 1=

7

∑
------------------------------=

Table 5. Optimized parameters of the probability function B with operating variables for LGO product

,i(x), 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

fTL
fB i, x( ) CB i, CL i,

Fig. 6. Comparison between predicted and operated TBP values by using
probability function A.

Fig. 7. Comparison between predicted and operated TBP values by using
probability function B.
���� �40� �4� 2002� 8�
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a-

 L.:

97).

s,
 where,Di(T) is distillated liquid volume percent at temperature T

w here,Li is Std. Liquid volume of i product

,-	 TPB S-# £Ú :;	 TBP Á  ô����� Fig. 8x º

� �x� M  GU HI.
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G� ��I# _  .
�� �[ P=�
 :;	 �L� vO 5T

�
 :;	 ��  yzF G H�I. V< .��G� �R�� �[
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< �6�  q
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��9, �� v�w ?@A�� =>� �Õ4 ,�� 
< �L� M

  GU H�I.

e f(�g �R~ .��G# ¶	��� |�~ _��� �p .

��G� ��< �«=÷� �� QRã GU H�9, ªª	 :; 

ø �`�# .��G� iô�w �R���� yz� 
< �.��

ù úJ GU HI. ? ��� �R  NOg .��G	 �G � :;

��	 yz� �R~ PLS &u �R	 ïû�  M& NOg# O¨

��	 �� ?ü S-U oÇ+9, »�4 �G�� ÇOC2 F _�

� eI.

e f(� Jý	 x�  v�w ������	 :; «¬  M�ó

G H& '(� h�� 45� 
< �L� :�F G H�9, V< �

P��	 ,-� 
< GE �� �L� :�F G HI.

����

TH  : parameter for probability function A

BH  : parameter for probability function A

TL  : parameter for probability function B

BL  : parameter for probability function B

TBP50  : temperature at 50% distillate

TBP90  : temperature at 90% distillate

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

Li  : standard liquid volume of i
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