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. VACUUM UNITS

In the petroleum industry when we speak of a Vacuum Unit, we almost always
mean & unit charging reduced crude, operating at a pressure of 0.5-1.0 PSIA
(25-50 mm Hg abs) and producing flashed gas oils and asphalt bottoms.

Usually the gas oils as well as the asphalt have to meet certain specifications.
In the past, the main criterion for the unit's operation was that the charge
not suffer any thermal decomposition and that the gas oil products and

residual bottoms be relatively free of cracked (unsaturated) material. As

a result, specifications were written that limited the amount of olefinic
material in the Vacuum Unit products.

With present day operation, less emphasis is placed on product olefinicity
and more stress is put on maximum yield of premium products. The vacuum
gas oils (VGO), except for FCC feed stock, are now almost universally
treated in various catalytic process units where the bad effects of
impurities are compounded to such an extent that they become of prime
importance, Asphalt bottoms is either routed to fuel oil or processed

as road oil with a smaller percentage going into specialty products such
as roofing tars, fillers and paints. Therefore, in modern day operations,
thermal decomposition is of minimal importance from a product quality

standpoint.
. However, even though product olefinicity is no longer a chief concern,
( cracking still affects the way a Vacuum Unit operates. The ability to

maintain a vacuum in the tower and to operate without excessive coke formation
dictate temperatures just below the point of thermal decomposition.

When asphalt bottoms material must meet rigid specifications that are sometimes
sti11 encountered in road oil and specialty product applications, it is processed
further in a blowing or oxidation unit. In the oxidation step, @ir rate, time
and temperature are variables used to produce products with desired properties,
the most important being penetration and ductility. -

The basic principle upon which a Vacuum Unit operates is - the boiling point
of a material decreases as the system pressure is lowered, For example, water
at sea level, where the barometric pressure is 14.7 PSIA (760 mm Hg abs},
boils at 2129F (100°C). At an elevation of 5000 feet (1525 m) above sea level
water boils at 2039F (959C). If the pressure is further reduced to 1 PSIA

{50 mm Hg abs), which is a typical vacuum column flash zone pressure, water
boils at 1029F (399C).

In a2 similar way, at atmospheric pressure, reduced crude containing gas
0ils which boil in the range of 650-10509F (345-565°C) would be subjected
to cracking temperatures long before significant quantities could be flashed
off. By reducing the pressure, much greater quantities of specification gas
0i1 can be flashed off before cracking temperatures are reached.
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Therefore, we can say that the best pern
abjlity to yield maximum gas oil produc
pressure that can be maintained in the
non-cracking, temperatures at the heaten

Experience has shown that, for most cha
of 750°F (400°C) is about right. Howev
a high UOP characterization factor, req
stocks, usually having a low K, can tol
(4259C). Laboratory data is required f
temperatures on charge stocks for which
available.

So far we have only dealt with processi
specifics such as the internals of the
purposes the tower can be divided into

1. Flash Zone - De-entrainment

2. Slop Wax Section - Washing

3. HVGO Section - Heat Recovery

4. LVGO Section - Condensation

5. Resid Section - Stripping
Flash Zone

The feed enters the column at the flash
either a tangential nozzle or box type
intention is to enhance vapor-liguid se
energy in the feed stream which often ¢

The flash zone should be a minimum of 2
preferably 20'-0" between the slop wax
The reason for a long flash zone is to

Slop Wax Section

A slop wax or slop oil section is provi
of the total gas oil. Experience has §
of the vacuum gas oil contain more meta
lower boiling range gas oils. The slop
control of these troublesome metals and
zone for heavy entrained material.

Hot slop wax is usually pumped as a was
above the draw while net slop wax can b

back to the vacuum heater inlet.

formance of a Vacuum Unit or its

ts depends on the lowest absolute
flash zone consistent with maximum,
outlet.

rge stocks, a flash zone temperature

er, some materials, usually those with

uire lower temperatures and other

erate temperatures as high as 800°F

or determining yields and cracking
there is no commercial operating data

Let us now Took at
For discussion

ng generalities.
vacuum column itself.
five sections.

zone through a feed distributor -
distributor. In either case, the
paration by dissipating some of the
nters at sonic velocity.

0'-0" (6100 mm) in height or
accumulator tray and feed nozzle.
minimize 1iquid entrainment.

ded to remove approximately 5-10 LV%
hown that the higher bociling fractions
1s and associated asphaltenes than the
wax draw provides some measure of

at the same time provides a wash

h 0il to the packed section immediately
e blended into fuel o0il or recycled
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Directly above the slop wax wash area is another section of packing. This
section is washed by hot heavy vacuum gas oil {internal reflux) from above
and provides the heat removal necessary for condensing the slop wax cut.

In most older designs, either bubble cap trays or side to side pans were , ,
used in this section of the tower. Newer designs generally use\Z-X feet 4-&
(600-900 mm ) of packing or grid for each service. The use of paéking reduces

the column length and, more importantly, Towers pressure drop. Modern UOP designs
may utilize four, low pressure drop, valve trays in this section if the

VGO feeds a hydrotreating or hydrocracking unit. AR T

HVYGO Section

The heavy vacuum gas oil (HVGO) section can be considered the main_heat
removal section., It is here where the major portion of the is condensed
by circulating HVGO through heat recovery exchangers and coolers and then
returning a portion as reflux to the top of the packing. In most designs,
the HVGO draw is 70-75 LV% of the total gas oil. @x(drawing_botﬁ a light

and heavy vacuym gas oil the AVGO draw temperature 1s_considerably higher
than the correspondiiiy diaw temperature of a single VA0 cut. As a result,
WETOBtaTH @ fiore €TFicient heat recovery scheme with two draws.

The internals currently used for this section of the tower consist of 5-6
feet (1500-1800 mm) of grid and/or rings. Fractionating trays result in
higher pressure drops and are used only in cases where some degree of
fractionation is required. Side to side pans are seldom used in modern
designs.

LVGO Section

The light vacuum gas oil (LVGO) section can be described as the top or final
condensing section. Here is where the LVGO is condensed and separated from
the non-condensibles (air leakage and cracked gases) going to the ejectors.
Usually, the LVGQ. draw is.20-=25 LY% of the total gas oil. LVGO is normally
not Hggt exchanged but only cooled and a portion returned as reflux to the
top of the column.

LY ‘ ey

Since the gggn;jgxhgiﬁxgpprMni;jgtho this section is consjgg;ghlxmlgggmgggn

DeTow, the tower diameter can usually.he reduced at this goint. The LVGO

actumulator 1s usually located in the swaged section. On large diameter
towers the cone height is such that part or all of the LVGO packing may fit
in the swaged portion.

The internals used for this section consist of 5-7 feet (1500-2100 mm) of grid
and/or rings.

Resid Section

The resid or bottom section is usually the narrowest part of the column and
has no internals except in those cases where specification asphalt is to be
produced. In this case, stripping steam (4-6 1b steam/bbl resid) is used
along with side to side pans.
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Since time as well as temperature promotes cracking, every attempt must be
made to keep the residence time low and not give the bottoms a chance to
crack and deposit troublesome coke. As a result, we would Tike to provide
only one minute of residence time but in most cases equipment and control
requirements dictate a much greater time. Means should be provided to
circulate partially cooled bottoms 1iquid back to the bottoms boot to serve
as quench.
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VACUUM TOWER SIZING

For this presentation a flash curve has_been. cnn;;ructed and from it we
have determined that a flash zone temperature of 7500F (4009C) is required
to yield the specified products at a pressure of 40 mm Hg abs. (See

Figure 1.).  In addition, the vediiced crude feéd o “the Vacuum Unit will
come hot, directly from a Crude Unit charging Light Arabian Crude. The
Vacuum Unit feed rate will be 10000 BPSD with an API gravity of 17.1.

As in any design, the first step is to break-up. reduced.crud

into the net products Teaving the upit. All that is known about the
reduced crude is what is published in the crude assay. Sometimes this
information is sketchy and one must resort to empirical methods or "tricks
of the trade" in order to arrive at a good material balance or yield
statement. If good and complete crude assay information is available the
break-up becomes routine. When good plant i 1 and laborator

data is available on the feed stock it pr0G?gg§?x%gEﬁ;ﬁg::ﬁﬁﬁ:ﬁﬁgi:f%liﬂhlg
TRToFMation from a designer's viewpoint.” To say the least, commercial
data SETVES 3S good backup information for the design.

The material balance for our problem is presented in the table below. The
material balance was arrived at in the following manner:

Given the quantity of total vacuum gas oil (VGO} and the quantity and
gravity of resid, we can calculate the gravity of the total VGO by
difference. We also know that approximately 5 LV% of the VGO should
be drawn as a slop wax cut with the remaining VGO being split into a
1ight vacuum gas oil (LVGQ) and heavy vacuum gas oil (HVGO). The LVGO
is typically 20 LV% of the VGO with the remaining 75 LV% of the total
VGO being HVGO,

The net gas rate is a somewhat arbitrary number arrived at from
experience. In our example, this rate haS been set at 0.33 wt%
of the feed. We could also have used Chart PD-895 in setting this

rate. In either case, we are trying to account for non-condensibles
which may be present in the vacuum tower from the following sources:

Air Teakage.

Gases produced in the heater and vacuum column due to
thermal cracking.

Dissolved non-condensibles in the feed.

Water of saturation in the feed.

R~ WL MY -
Nt et e et
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MATERTAL BALANCE
uopP (106 SCFD)
OAPI K MW BPSD LB/HR MOL/HR  LV% WT%
Red. Crude 17.1 1.8 471.17 10600 138975  295.0 100.00 100.00
Est'd Yields 5
ver  Gas — —_— ~30 (0.141) 465 15.5 —_ * 0.33
LVGO 29.8 11.8 283 13567 2 17355 61.3 13.56 12.49
HVGO 21.0 11.85 460 5065 ; v 68575 149.1 50.65 49._34
STop Wax 11.2  11.5 550 338 < 4890 8.9 3.38 3.52
Resid 7.2 11.3%5 630 3203 - 47690 75.7 32.03 34.32
X Osrermnd pp LA PaPOtPiscad gL
In this problem four stripping pans (side to side pans) are provided for stripping
the tower bottoms material. A conservatiye siripging rate of 2.lhs steam/bb]
resid will be used. This results in a stripping steam rate of:
3203 bbl resid | 5 1b steam = 667 Tbs steam/hr
24 hrs | bbl resid = 37.0 mols steam/hr
Now that all net flow rates have been established, we only need to fix certain
temperatures in order to start writing the heat and we1ght balance. Temperatures
used in Vacuum Unit design are usually set based on exper1ence since there B
is no precise way to calculate them. Temperatures used in the Tower portion
o?““ﬁe tower are more or Jess directly reTatéd to the transfer Tine or flash
zone temperature The following table gives the temperatures that will be
used in our presentation. (See Figure II.)}.
TYPICAL DESIGN TEMPERATURES
NP OF o¢ Notes
Finee 10 Flash Zone 750 400
Loy bt CE Resid from tower bottom 710 375 1
qoET e ol Steam to tower bottom 413 210 2
| 5,ﬂ_ p6eF . Slop wax draw 675 355
o Vapors rising at HVGO draw 650 345 3
HVGO draw 545 285
Circulating HVGC return 325 165
Vapors rising at LVGO draw 375 190
LVGO draw 300 150
Circulating LVGC return 110 43 4
_Vapors to ejectors 115 46 5
Resid from steam generator 450 230
Blended bottoms from cooler 300 150 6 .
f HVGO to air cooler 460 235
| HVGO from air cooler 325 165 7
? HVGO from tempered water cooler 175 80
BFW to unit 230 110
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. NOTES: 1) Reflects the use of stripping steam.
2) Saturated at 270 psigq. -

3) Approximately (flash zone temp. € 100°F).

4) Function of cooling media used.

5) Function of circulating LVGO return temperature.

6) Function of viscosity at pumping temperature.

7)  Function of viscosity at air cooler outlet.

Our presentation will focus on the heat and weight balance around the vacuum
column only. This will provide enough information to size the tower.
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SIZE THE COLUMN AT TH

E FLASH ZONE (See Figure III)

750°F at 40 mm Hg abs {0.774 |PSIA)
VAPORS RISING: LB/HR MOL/HR
Gas 465 15.5
Steam 667 37.0
LVGO 17355 61.3
HVGO 68575 149.1
Slop Wax 4890 8.9
Total 91952 271.8
MW of vapors rising: 91952 1b | hr - 338.3
hr | 271.8 mol .

“The eguation for permissible

V 760 _
2.5 m = ft/sq

Therefore, PV at this point i

CRYTERIO

e Y0P

Py

Vapor density (fov) = Tg 73

Tinear velocity in this service is:

\K 760
2.5 ‘“"4-0"""

10.90 FPS

PV

n the tower is:

1

§§%§%T = 1b/t3

Gas Cons

PSIA) |
mo7 )

where: 10.73

Therefore, 7Dv at this point

338.3 1b | 0.774 P

tant (R)

ft3g
)
in the tower is:

SIA | 1b mo1 - R

P

1b mol |

0.0202 1b/ft3

n

91952 1b |  nr

The cubic feet per second (CF

| T0.73 PSTA - ft3 [ [750+460)"R

S) of vapors rising is:

713

CFS =

hr | 3600 se

1267 <¥5

c l 0.0202 1b
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SIZE THE COLUMN AT THE FLASH ZONE
. The required tower cross sectional area (CSA) is:
csp = 1267 ££3 | sec . &FS
seC | 10.90 ft 9 \
= 116.2 ft2 |

This results in a tower diameter (ID) of:

2
10 =Vns.2 ft ﬁfu‘

12.16 ft (3770 mm)

3/18/82
RJV
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JE HVGO DRAW (See Figure 1V)

Let us now heat balance the Tower p
envelope around the whole section d

ortion of the tower by drawing an
irectly below the HVGO draw tray.

This will enable us to calculate the quantity of hot HVGO reflux necessary
n alternat& dpproach, one could set -
y and then calculate the resultant

For our case, we will proceed on the

to heat ance this section.  As d
the HVGO reflux rate below the draw
temperature of the vapors rising.
basis of using 6500F (3459C) as the

vapor temperature.

Note that in this

W

i

J—

47815 1b/hr

section of the column the circulating slop wax does not remove any heat
from the tower and is, therefore.. ignared in.our heat balance.
650%F at 30 mm Hg abs (0.580 PSIA)
108
Of LB/HR BTU/LB BTU/HR
Heat In '
Feed to Column 750 138975 459 63.74
Stripping Steam -~ 413 667 1174* 0.78
HVGD Reflux 545 W 271 271§w}
“TI9AZN oo+
Heat Out | |
Resid from Column 710 47690 364 17.35
Net Slop Wax 675 43890 343 1.68
Radiation Loss - - - 0.67
Vapors Rising to HVGO Draw:
Steam 650 667 1331* 0.88
Gas 650 465 500 0.23
Net LVGO 650 17355 435 7.55
Net HVGO 650 68575 422 28.94
HVGO Reflux 650 W 422 4221w!
139642+W 57.30+(422W
*Corrected to 1iquid at 60°F,
IN ouT
' -
64.52 x 105 Btu 271 Btu | W 1b| _ 57.30 x 106 Bty , |422 Btu | W 1b
hr 1b | hr hr T | hr
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SIZE THE COLUMN AT THE HVGD DRAW
VAPORS RISING: LB/HR MOL/HR
Gas : 465 15.5
Steam 667 37.0
Net LVGD 17355 67.3
Net HVGO 68575 149.,1
HVGD Reflux 47815 103.9
Total 134877 366.8
MW of vapors rising: 1348Z1 1 I 362r8 T 367.7
PV at this point in the tower is:
PY = 2.5 T
= 12.58 FPS
7/¢v at this point in the tower is:
v = 367.7 1b | 0.580 PSIA | 1b mol - OR
1b mo1l 1 | 10.73 PSIA - ft3 |(650+460)UR

0.01792 1b/ft3
The CFS of vapors rising is:

cFs 213887716 | hr | ft?
hr | 3600 sec | 0.01792 b

H

2091
The required tower cross sectional area is:

2091 ft3 | sec

A= sec [T2BETE

166.2 ft2

]

This results in a tower diameter of:

2
1D = VTGG.Z ft2 | 4

T

14.55 ft (4435 mm) < prTRAL O

PR AT

e
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CALCULATE THE HVGO CIR

CULATION RATE (See Figure V)

Let us now analyze the tower direct
envelope around the whole section
the temperature of the vapors risin
the temperature of the circulating
(1659C), a heat and weight balance

enable us to calculate the HVGO ci

-

reflux returned below the HVGO draw

now considered.

below this point.

ly below the LVYGO draw by drawing an
Since we have set
g at this point at 3759F (1909C) and
HYGO returned to the tower at 325°F
can now be constructed. This will
cuTation rate. Note that the HVGO

64.52 x 106 Btu

| w1b)

‘gges no;wremqyg“ﬁeat‘frdﬁ'the envelope

108
Of LB/HR BTU/LB BTU/HR
Heat In
Feed to Column 750 138975 459 63.74
Stripping Steam 413 667 1174* 0.78
HVGO Circulation 325 W 132 132§w2
T30642+W B2+
Heat Out
Resid from Column 710 47690 364 17.35
Net Slop Wax 675 4890 343 1.68
Radiation Loss - - - 0.67
Net HVGO 545 68575 271 18.58
HVGO Circulation 545 W 271 271(W)
Vapors Rising to LVGC Draw:
Steam 375 667 1200* 0.80
Gas 375 - 465 315 0.15
Net LVGO 375 17355 276 4.79
139642+W 44,02+(2714}
*Corrected to 1iquid at 60°F.
IN ouT

44.02 x 10 Btu

132 Btu
hr 1b hr

]

. 1?71 Btu| W 1b

hr b |

147480 1b/hr
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SIZE THE COLUMN ABOVE THE LVGO DRAW (See Figure VI)

We can now heat balance the top section of the tower by drawing an

envelope around the upper part including the LVEO accumulator. We have
already determined the heat content of the vapors rising to this section.
Also, we have set the temperature of the net materials leaving this section
along with the temperature of the circulating LVGO returned to the tower.
Bs a result, a simple heat and weight balance can now be made to determine
the LVGO cirdﬁTEET@ﬁ“Fﬁte.‘ R Trm———— ' -

3759F at 15 mm Hg abs (0.290 PSIA)

106
OF LB/HR BTU/LB  BTU/HR
Heat In
Vapors Rising to LVGO Draw:
Steam 375 667 1200* 0.80
Gas 375 465 315 0.15
Net LVGO 375 17355 276 4.79
LVGO Circulation . 110 W 23 23(W
T8457+H 5,;1%T2§W7
Heat Qut
Net LVGO 300 17355 122 2.12
LYGO Circulation 300 W 122 122 (W)
Vapors to Ejectors
Steam 115 667 1083* 0.72
Gas 115 465 175 0.08
18487+W 2.92+(122W)
*Corrected to 1iquid at 60CF.
IN ' ouT
|
5.74 x 106 Btu , |23 Btu | W u;} _ 2.92 x 106 Btu |, |122 Btu | Wb
hr b | hr] hr b | hr
VAPORS RISING: LB/HR MOL/HR
Gas 465 15.5
Steam 667 37.0
Net LVGO 17355 61.3
Total 18487 113.8
MW of vapors rising is: 18487 1b | hr - 162.5

hr | 113.8 mol
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SIZE THE COL&

MN _ABOVE THE LVGO DRAW

PV at this point in the tower

PV = 2.5 15

17.80 FPS

is: ‘II'

-fav at this point in the tower is:

PSIA | 16 mo1 - OR

, = 162.5 1b | 0.290
1b mol |

0.00526 1b/ft3

The CFS of vapors rising is:

| 70.73 PSIA - ft3‘1 [375+460)°R

CFs - 18487 1b | hr £43
hr | 3600 sec | 0.00526 ib
= 976
The required tower cross sectional area is:
_ 976 13 I sec .
GA= T 7B T
= 54,8 ft2

This results in a tower diame

= 8.36 ft (2545 mm)

R LD £

ter of:




Page 11 3/18/82
RJV
YACUUM TOWER SIZING

SIZE THE RESID STRIPPING SECTION

The resid stripping section is the only section remaining to be sized.
Generally, the cross sectional area of this part of the column is set
at_10.percenf fF the Main tower area. In our example, wé calculated that
14.55 ft (4435 mm) was required at the HVGO draw. Ten percent of this
area results in a diameter of approximately 4.5 ft (1370 mm). We can now
check the 4.5 ft ID for the resultant residence time. The residence time

should be in the range of 0.5 - 1.0 min/ft of length.

L

Given 4.5 ft ID, the resultant CSA js: ¢ROSS Spemoali( AREA *i-fg-
(4.5 )2 | 7]; = 15.90 £t2

The net resid Teaving the bottom of the tower is 123 GPM (See HT & WT
Bal.). As a resuTt the residence time in this $&Etion of the tower

is: e - _CB/n ;
' P SO_D i. <q fetuie O L AT IV R A "-) __P_i_f-?"":l'
15,90 ft3 | min ] 7.48 ga1
£ 123 gal| i3 - 0.987 min

Therefore, the 4.5 ft ID looks reasonable.

In this example the use of the PV equation resulted in a column diameter of
14.5 ft for the main portion of the tower and 8.4 ft for the top condensing
section. We know from gxperience that the use of the PV relationship will

result in7a cqnservat1ve des1 n, Therefore, we can safe?y reduce the tower
diameter to 14'-0" and 8'-0" 4265 mm and 2440 mm) in the main section and
top section, respectively.

LF -
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VACUUM TOWER INTERNALS

. - Generally, modern day vacuum towers use some type of packing in the heat
removal tions. We do not take any credit for this packing (grid and/or
T1ngs) ?urmshmg any more fractionating capability than the side to side
pans used on older designs.

For many years UOP meof 350-400 ﬁgughg-f’ﬁ-ff
when determining the volume of packing required. 1s was consistent with
the 400 Btu/hr-OF-ft3 given in Glitsch Bulletin No. 7070 (dated 1963). Use
of these U values usually resulted in packing depths as follows:

Depth

Section Ft ._mm
LVGO 57 1525 =2135
HVGO 5=6 1525 - 1830

More recent design information supplied by Glitsch gave the following
criteria for determining the volume of packed sections:

1. When the capacity factor (C}* fell betwee
any point within the packed secticn the recommended maximum

U was 400 Btu/hr-OF-ft3 for Glitsch arid.

: 2. When a considerable part of the packing had a w
. of less than 0.2 FPS the heat transfer efficiency decreased and the

T6TTowing U values were recommended:

a. 250 Btu/hr-OF-ft3 if the packed section consisted only
of Glitsch grid.

b. 400 Btu/hr-OF-ft> if the packed section ysed rings in that
portion where C was less than 0.2 FPS and if Glitsch grid
were used in the remaining part of the section where €
was greater than 0.2 FPS.

Covaciry FAOR * (=¥ y where: V¢ = superficial
' e y v velocity, ft/sec(FP

fﬁ = liquid 1b/ft3
-ﬂ vapor 1b/ft3

[%3]

The most recent design information furnished by Glitsch for calculating the
volume of packed sections is given in their Bulletin No. 7070 (dated,

Feb. 19871).




Page 2

YACUUM_TOWE

3/24/82
RIV

R _INTERNALS

u

Note
the" poTAt of maxgmum“]gadjn
quuia Tr c

5 the packed sectiol

Using the following dimensions and
Tower Sizing, let us now calculate
section.

Section I.1

i
14

LVGO
HVGO

Calculate U for HVGQ Section:

14'-0" ID = 153.94 ft2 tower cross

Volume of packing is:

153.04 73| 5 £t

LMTD qs:

650375
545— 305
105 50

74.10F

el

£ oxrsTre
LIAIE PN L

Carem REBLE Cloa) chd)
2 ASTIE LLTYRE OO

= IR Y g g N
,,CM/’GJA- TLRY N B recrn

I
e1
2.0
Gy

—1
L
|

i
FEETR

! FToe poearne
SO\ RN

ho = 421 €0-8 x (6PH/AL)"]

that the ca ggi;x,ﬁag;gxﬁ

;:

58

where: C = capacity factor
(defined above)
GPM = flowing 1iquid
gal/min
Ay = tower cross

sectional area, ft

() | 0 the al ‘1 < at
:vapor rising to the packed section and

).

other necessary data given in Yacuum
the heat transfer rate for the HVGO

Tower Packing
D., ft-in Depth, ft-in
8 - 0 5-6

4 -0 5-0

sectional area (CSA)

7 3

2
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VACUUM TOWER INTERNALS  sac oercrmen
s &2 55 e
se50E = /32 srw/:'f

&
1N1480 LB/, (3113987 = 205210 ET%E

Resultant heat transfer rate (U} is:

bt
P i 7ETOF 769,78 T 39 Bt/ hroOF 13

** The heat transferred in a given tower section is simply defined
as the amount of sensible heat that is given up by the liquid
stream returned to the top of the packing in going from its hot
{draw) temperature to its cold (return) temperature.

Let us now check to see if the U value (359 Btu/hr—°F-ft3) is reasonable in-
light of Glitsch's latest design criteria.
Calculate the capacity factor (C) below the packing: ‘«Feeef

c - 2091 £43 | X 0.01792
sec | 153.94 ft2 || 75,74 - 0.01792

0.269 FPS

Calculate the capacity factor {C) above the packing: sezeiop

¢ - 976 ft3 | ., 0.00526
sec | 153.94 7 5T.23 - 0.00526

0.0643 FPS

3

Based on the above capacity factor calculations we see that, by today's criteria,
a combination bed would be required in this section of the tower. As a result,
let us check the predicted heat transfer rate using the Glitsch equation.

720 0.58
0.8

421(0.269) [%ggfgzi]

360 Btu/hr-OF-ft3

U=ho

U}

This U value is consistent with the heat transfer rate calculated earlier.
Therefore, the 5'-0" of packing used in the HVGD section of the tower is
sufficient assuming a combination grid/ring bed is used.

As a class exercise, calculate the heat transfer rate for the LVGO section
based on information already furnished.
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. Lalculate U for LYGO Section:

8'-0" ID = 50.27 ftZ tower cross sectional area (CSA)

Volume of packing is:

50.27 ft3 | 5.5 ft _ 3 .
7t = 276.5 ft ns=F
LMTD is: { | ‘ — o
| — 1D
'
375 —= 115 . - T
300=—110 v
i g

-5 J
L
25.89F :

( N =i~ A
Resultant heat transfer rate (U) is: i

335
.82 x 106
N s E 75 8°F I 2765 FES - 395 Btu/hr-OF-ftd

Let us now check to see if the U value (395 Btu/hr-OF-ft3) is reasonable in
. light of Glitsch's latest design criteria.

Calculate the capacity factor (C) below the packing:

c - 976 ft3 | , 0.00526
sec |50.27 ft= .67 - 0.00

0.202 FPS
Calculate the capacity factor (C) above the packing:

¢ - 65 ft3 | i 0.000676
. sec | 50.27 T2 53.23 - 0.000676

0.0330 FPS

Based on the above capacity factor calculations we see that, by today's criteria,
a combination bed would be required in this section of the tower. As a result,
Tet us check the predicted heat transfer rate using the Glitsch eauation.
0.58
421(0.202)0-8 118
5N.27

U= hg

192 Btu/hr-9F-ft3
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This U value is Tow compared with the heat transfer rate (395 Btu/hr—°F-ft3)

calculated earlier. Therefore,

he 5'-6" of packing used in the LVGO section

of the tower may not be sufficient even if a combination grid/ring bed is

used.

Based on the above findings, let'|s try

how it affects the outcome of ou
Instead of using 3009F for the L
at 200°F.

LVGO properties at 200°F are arri

making one design change and see
evaluation of the LVGD section packing.
G0 draw temperature, set this temperature

ved at by interpolation.

Flowing
Of Btu/Lb S.G.
300 122 0.780
200 70 0.820
110 23 0.853

Heat balance the top section of t
upper part including the LVGC acg
know the heat content of the vapog
temperature of the net materials.
circulating LVGO returned to the
balance can now be made toc determ
amount of heat that must be remov

375°F at 15 mm Hg abs (0.290

Heat In

Vapors Rising to LVGO Draw:
Steam
Gas
Net LVGO

LVGO Circulation

Heat Out

Net LVGO
LVGO Circulation
Vapors to Ejectors
Steam
Gas

® Corrected to Tiquid at 60°F.

he tower by drawing an envelope around the
umulator (See Figure VI}. We already

rs rising to this section and have set the
Teaving along with the temperature of the
tower. As a result, a heat and weight

ine the LVGO circulation rate and the

ed in this section of the tower.

PSIA)
106
OF LB/HR BTU/LB BTU/HR
375 667 1200® 0.80
375 465 315 0.15 .
375 17355 276 4.79
110 W 23 23(W
18487 +W 5.'74%2314)
200 17355 70 1.21
200 W 70 70(W)
115 667 10832 0.72
115 465 175 0.08
+ Z.01+(70W)
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. _ IN ouT
5.74 x 105 Btu (23 Btu | wib] _ 2.01 x 105 Btu , [70 Btu | W 1b
hr b [ hr _| hr Tb hr
W = 79360 1b/hr -
The heat transferred (Q) is:
q = 79360 1b | (70 - 23) Btu
hr | Tb
= 3,73 x 106 Btu/hr
Calculate the capacity factor (C) below the packing:
¢ = 976 ft3 ) 0.00526
sec | 50.27 ft2 51.17 - 0.00526
= 0.1969 FPS
The total LVGD draw is:
_LB/HR
Net LVGO 17355
. LVGO Circulation 79360
_ 36715
96715 1b LVGO l hr [ qal | 1b H,0 - 235 GPM
hr [ 60 min | 8.337 16 Hz0 [ 0.820 Tb LVGO

Calculate the predicted heat transfer rate using the Glitsch equation:

» 0.58
421(0.1969)0+8 [‘5%7‘%

U=hy =
= 281 Btu/hr-OF-ft3
ns
LMTD is: 1
375 —=115 - e 2.
200+— 110
175 5

47.80F

f
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Calculate amount of packing m

3,73 x 108 Btu | hr-0f-ft

equired:

3

hr l 281 Bt

277.4 ft3 | £t

| 50.27 ft°

et

l 47 .8%F

5.5 ft <=

= 277.4 ft3

Pt ————
n———

4/29/82
RJV
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Zrmm Hg ABS -——c-’ TO JETS
8z°F
o743 | 540 LB/HR
— ]
A80 8PS o
-
-t
8-0
ia°F _l
o— -
2 g880C BPSD
. 74°F
19
/550 BPSD 1"
12 >
s
LVGO N _?O l
3024 BPSD
I YaYaYalarazaTe Tad
468 BPSD
6_—1 o) “
i4
I
5
{ I 2-0 ]
734 ’F /038
754 | [
2°F 21mn Hg ABS /esqo 8PS
S
-u---' lb.' Qu
2! 6q7°F T
Py (=
. d
777°F 8 - 170 BPSD —w
751 °F
SLOP wAX /-ch-.o FPRODUCT
/-l 3300 BPSD FRODUCT
VALCLUM 6075 BPSD
A COLUMN Y
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Vacuum Test Run

Sample Designation LVGO HYGO Slup Wax Vacuum Bottoms
‘Sample Date €= = = = = =« = = November 12, 1974 = « =« -~ = = = >
Properties of Sample
Gravity, *API at 60°F 32.8 20.9 15.7 6.5
Specific Gravity at 60°F 0.8612 0.9285 0.961) 1.0254
Su) fur, Total, wWt.X% 1.79 2.87 3.51
Heptane Insolubles, Wt.Z 0.01 0.17
Softening Point, B&R, °F , 95.
Penetration @ 77"F, 100g/5 sec 217
Duceilicy & 77°F, 5 em/min, cm 1004
€onradson Carbon Residue, We.X 0.007 Q.67 5.71
Viscosities
Kinematic at 100°F,, eSt. 3.639
Kinematic at 122°F., ¢St. 57.50
Kinematic at 210°F., ¢St. 50.76
Universal at 100°F., secs, 38.0
Universal at 122°F., secs. 267
Universal at 210°F., secs. 237
Distillation, Type D1160 bD1160 DI1160
I.B.P., °F 305 575 720
52 420 726 925
10 465 261 970
20 512 805 1010
o] 545 838 1038
40 562 861 1059
50 579 886 1074
o0 596 911 1096
10 615 948 1104
80 638 979 1121
20 863 1015 1140
95 688 1041
E.P., °F 730 1081
I Recovered 99.0 99.0 90.0
X Bottoms 1.0 1.0 10.0
Emission Spectrographic Analysis of Wet Ash
Elemeénts Reported as ppm metal in the oil.
Fe 0.4 1.3
Ni 0.19 4.8
v 0.05 13
Pb <0.05 Q.07
Cu <0.02 <0.02
Na 3.2 6.3
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