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1. SCOPE

(1) This standard practice provides the guidelines for the design of towers and their internals provided in
refineries, petrochemica plant and similar plants.
The following items are not included herein :
(a) Materids of towersand internals
(b) Tray and packing detailed design procedure

(2) Specific instructions given in the Project Specifications take precedence over the requirements given in this
standard practice.

2. WORK PROCEDURE
2.1 Input to the Design

2.1.1 Process Condition
The date to be used for tower design should be clarified as follows.
(1) Source of the data
The design datawill be obtained from, but not limited to the following documents.
« Process Simulation Output (PRO - I, ASPEN, HYSY'S, HY SIM, DESIGN I1, Chemtran, C338,
#AMINE etc.)
o Process Flow Diagram (PFD)
« Basic Engineering Design Data (BEDD)
« Piping & Instrument Diagram (P&1D)
« Plot Plan
(2) Design base
Maximum, normal and minimum feed rate and corresponding physical properties should be used for
designing towers.

2.1.2 Input Data
(1) Operating Conditions
Thefollowing is asummary of operating condition data to be specified before the tower design.
- Service for identification
- Fluid name for identification
- Fluid character (Foaming tendency, Fouling, Corrosion etc.)
- Feed flow rate of liquid and / or vapor (maximum, normal and minimum)
- Each theoretical stage operation data ; Temperature, Pressure
Liquid ; Load (kg/hr), Density (kg/m3), Viscosity (cp), Surface Tension (dyne/cm)
Vapor ; Load (kg/hr), Density (kg/m3), Viscosity (cp), Molecular Weight
- Stripping steam flow rate, pressure, temperature
(2) Performance Requirement
Following requirements should be clarified before the tower design.
- Holding time for liquid draw off
- Allowable pressure drop
- Overall tower efficiency
- De - rating factors
(3) Mechanical Design Data
Following item should be specified before the tower design.
- Codeto be applied
- Design temperature
- Design pressure
- Corrosion alowance
- Materia of construction
- Condenser Type
- Reboailer Type
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2.2 Output from the Design

(1) Data sheet of the tower (Skeleton, Internal type, Vapor / Liquid load)
(2) Data sheet of tray, packing

(3) Vender data sheet (tray, packing, distributor etc.)

2.3Work Steps
The design of tower will be conducted according to be the following work steps, as aguideline.
(1) Prepareinput data as listed in section 2.1.
(2) Selection of tray or packing.
(3) Design of tray or packing (Request to vendors for tower internal (packing, distributor, tray) design).
(4) Determine tower diameter and approximate height.
(5) Determine tower detail dimension
At first, tray arrangement and detail around reboiler return should be determined.
(Manhole, Feed nozzle, Distributor, Accumulator tray, Trap, Miscellaneous nozzles, Reboiler return
nozzle, Liquid level, Skirt height, VVortex Breaker, Baffle and Drain etc.)
(6) Prepare the skeleton of tower
(7) Summarize the data sheet of tower, internals.

2.4 Check List

At least, the following should be checked.

(1) Tray No., tray space and each tray cap or hole number.
(2) Pass No. change and tray turn.

(3) Tower diameter and height.

(4) Each nozzle size and locations.

(5) Each manhole size and locations.

2.5 Computer Programs
Computer programs, details of which are described in relevant manuals are available to assist the design of
towers and their internals as follows.

Table 2.5 List of computer programs

Machine Name of System Description
P/IC FLEX PC Flexi tray design / rating
SIEV PC Sievetray design/ rating
BCAPPC Bubble cap tray design / rating
FRI Sieve Tray Rating Sievetray rating by FRI method
Program
FRI Duaflow Tray Rating Dualflow tray rating by FRI method
Program

FRI Bubble Cap Tray Bubble cap tray rating by FRI method

Rating Program

FRI Packed Bed Rating  Packed Bed rating by FRI method

Program

Norton Packed Tower Packed Tower rating with Norton packing or ordinary packing
Design Program

Koch Tower Design Tower rating with koch packing & tray
Program

WIS #TRAY Design/ Rating of Sieve, Flexi, Bubble Cap, and Dualflow Tray
#PACK Rating of Raschig Ring, Pall Ring, Perforated Ring, Berl Saddle, Intalox

Saddle, PFG, K - PAC, and FLEXIGRID

P/IC : Personal Computer
W/S:  Work Station
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3. DESIGN CRITERIA
3.1 Selection Procedure

3.1.1 Comparison between Trays and Packing

(1) Table 3.1-1 shows the classification of trays, random packing and structured packing, and their typical

examples.

In each field, new products have been developed and applied to actual operation.

Especialy,

various types of structured packings have been devel oped recently, and used instead of ordinary random
packings or trays to attain high performance.

Table3.1.1a Classification of Trays and Packing

Ordinary Type New Type
With downcomer Bubble cap MAX-FRAC, UltraaFRAC
Flexitray (Valve) SUPERFRAC, NYE
Sieve MVG
TRAYS Without downcomer Duaflow
Ripple
Specid use High liquid load MD
High pressure and high load [Screen
Ring type Raschig Ring Cascade Mini Ring
Random Pall Ring
Saddle type Berl Saddle IMTP
Intalox Saddle Nutter Ring
Grid type Glitsch Grid
PACKING Flexigrid
Seat metal type Mellapak GEMPAK
Structured P ® Techno Pack
MC Pack
Mesh type Sulzer Packing (BX) [Sulzer Packing (CY)
MC Pack, Techno Pack

(2) Relative comparison between trays and packing is summarized in Table 3.1-2.  Packings are divided into
random and structured types. Gas and liquid contact with traysis achieved by injecting gas to continuous

flowing liquid on the trays which are installed every 400 to 1,000 mm in the column.

On the other hand,

gas and liquid contact with packingsis achieved in the thin liquid layer on the surface of packings.
Table 3.1.1b Comparison of Trays and Packing

Trays Packing
Design Required for each case Standard
Distributor Simple Complicated
Opening ratio for vapor pass Small (5 - 20%/plate) Large (60 - 95%/volume)
Pressure drop (per one HETP) Large Small (about 1/10 of tray)
Efficiency * Low High
Capacity Low High
Cost (per unit height) Low High
Operation range Wide Narrow
Maintenance Easy Difficult
Material selection Limited Wide
Number of applications Many Few

* Overdl tray efficiency for trays and HETP for packings.

(3) Therefore, trays are generally thought to be suitable for high liquid (high pressure) service, and packing is
thought to be suitable for low liquid (low pressure) service.
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(4) The greatest advantage of packing is the large opening ratio for vapor pass, therefore pressure drop is small
and capacity against flooding etc. is high compared with trays.

On the other hand, equal liquid dispersion in the continuous flowing vapor is always a major factor in
maintaining high efficiency of packing. Therefore, in many cases, distributors and re-distributors are
supplied by the packing vendor to obtain good distribution.  Up to this time, packings have been mainly
applied to small diameter towers because of their distribution difficulties.

(5) A disadvantage of packing isthe high price per unit height. In addition to the packing cost, the
distributors and re-distributors are also expensive.

(6) Table 3.1.1c shows the typical application of trays and packing in the past. However, many kinds of
packings and distributors have been devel oped recently, and there are many application results of packings
to large diameter distillation columns or fouling services, such as vacuum towers, crude towers, and
FCC/RCC main columns. Characteristics and advantages of packing application are summarized in
Table3.1-4.

Table3.1.1c Typical Application of Trays and Packing

Trays Packing
High pressure service (High L/V ratio) o
Low pressure service (Low L/V ratio) @)
Large diameter tower o
Smadll diameter tower (0]
Distillation column O
Absorber 0]
Fouling service o

Table3.1.1d Characterigtics and Advantages of Packing Application
Characteristics Advantages
Small pressure drop Reducing tower bottom pressure/temperature (or increasing tower top pressure)

(2) Prevention of product degradation against high temperature
(2) Reducing energy consumption (vacuum equipment, reboiler, etc.)
Large opening ratio for risng ~ Small vapor velocity — (1) Capacity up or reducing tower diameter
vapor (2) Less foaming (Random Packing)
High masstransfer efficiency (1) Saving energy consumption by reducing reflux ratio
or (2) Reducing tower height
or (3) Increasing purity of product
Small liquid hold up volume  Reducing cracking or polymerization under high temperature
Variety of material selection Applicable for corrosive fluid

3.1.2 Selection of Internalsfor a New Column
To select internals for anew column, the following five points should at least be considered :
- Total column cost
- Operation cost
Packing cost per unit height is higher than trays, and distributors are expensive, but column height and
diameter can be reduced by using packing, asshownin Table3.1.1d. Also, operation cost can be
reduced. Therefore, total of column cost and operation cost should be compared with that of trays.
- Pracess conditions (feed rate, pressure, temperature L/V ratio in the column, fouling, corrasion, solid,
etc.)
- Required product quaity
- Number of applications

3.1.3 Selection of Internalsfor Revamp of Existing Column

A revamp of an existing column will require higher capacity, higher separation efficiency or both, so in many
cases, change of internals from trays to packing, from ordinary random packing to structured packing, or from
ordinary traysto new type trayswill be studied.
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But at least the 5 points described in section 3.1.2 above should be considered, and the most suitable selection
should be made, for example: structured packings are selected for the section above feed nozzle (low L/V
ratio) and new type trays are selected for the section below feed nozzle (high L/V ratio), and so on.

3.2 Towers
3.2.1 Dimensions around Top Section

3.2.1.1 SideManhole
(2) In case where no top manhole can be provided, the side manhole shown in Fig. 3.2.1.1 shall be provided.

(2) For recommended manhole sizes, see para. 3.2.5.1.

Fig. 3.2.1.1 Geometry of Side Manhole
Note : A = 1,000 mm for 20 inch manhole, and A = 1,200 mm for 24 inch manhole.

©
Y

|
|
A (Note)

No.1 Tray

D > 900mm

@ = Manhole
@ = Vapor Outlet
D = Tower Diameter
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3.2.1.2 Top Manhole
(1) For ease of tray installation, one top manhole shall be provided. If no top manhole can be provided, side

manholes shall be provided as described in para. 3.2.1.1.
(2) Dimensions pertaining to top manholes shall be as recommended in Fig. 3.2-2.

Fig. 3.2.1.2 Geometry of Top Manhole

Type-A (Note-1) Type-B (Note-2)
% ﬁ TL TL /g\ T
. £ @E— £ M =Manhole
= I= H E = Vapor Outlet
§ = 8. D = Tower Diameter
No.lTray| V. No.lTray| W
D = 1500mm 900mm < D < 1500mm
Type-C (D < 900mm)

C-1 C-2 C-3 C-4
S 1T M= T
= s £ "

\ ©-H¥= 5
£
<

‘ —‘ ‘ |7 No.lTray| — V.

Note: 1. Maximum nozzle size of Vapor outlet for Type A

D (mm) 18in. MH 20in. MH
1,500 4in. 2in.
1,700 6in. 4in.
1,800 8in. 6in.

2. If thevapor outlet is over 10 inches nominal size, when the baffle dimensions are to be determined, should be discussed

with specidistsin tray design. For determination of baffle dimensions, See Para. 3.2.5.7 (2)
3. A =900 mm for Tray Space 450 mm, and A = 1,200 mm for Tray Space 600 mm

(3) Selection of a head type from among those shown in Fig. 3.2.1.2 shall be made based on the following

criteria:
TypeA :
TypeB :
TypeC:

C-1:
C-2:
C-3:
C-4:

D = 1500

900 < D < 1500

800 < D
800 < D

D < 800
D < 800

< 900
< 900

Design press > 10 kg/lcm2G
Design press < 10 kg/lcm2G
Design press > 10 kg/lcm? G
Design press < 10 kg/lcm?2 G

(4) For recommended manhole sizes, see para. 3.2.5.1.
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3.2.1.3 Liquid Inlet

(1) Reflux return and feed inlet nozzles in top sections shall be of construction as shown in Fig. 3.2-3.
(2) Thefollowing types shall be used asageneral rule. However, if their use isimpracticable or
disadvantageous, some other type can be used.
Onepasstray : TypeD1-1
Twopasstray : TypeD2-1 (Center)
Type D2-2 (Side)
Four passtray : Type D4-1 (Center)

Fig. 3.2.1.3 Liquid Inlet Nozzle
(Note-1) Manhole area

(Note-2) 20 mm hole (minimum size) or dlit. Total hole (slit) area shall be equal to or greater than nozzle cross-sectional area.

1 Pass Tray 4 Pass Tray
Type D1-1 (JGS 332-218-6-22E) Type D4-1 (JGS 332-218-6-30E)
T Open Area (Note-1)
[ —
[a) - T 9
A o|<
\ 7 é
—) Baffle =
(Note-1) =SEPNIT
Vent Hole
-\ —VT D Min T AT X
' >|—< ' : 4
T 50 Holes or Slit
PEH— P ——-@@%«y—— A_);NOU%Z
N . )
I . | 100 Min. ,—Hﬁ
i
AA— — N A — —N
2 Pass Tray
TypeD2-1 Type D2-2 Type D2-3
(JGS 332-218-6-24E) (JGS 332-218-6-25E) (JGS 332-218-6-27E)
(Note-1) (Note-1) (Note-1) (Note-1) (Note-1) (Note-1)
: LA
; Open Area
1 é 1 1
5
- - < - e - -
\Q -'b
A A
Approx. 40 L

Inlet Weir

_/\,__

Baffle

|
!
ki
!

-

“N—

i
150

[

[

N
_HE_
N—

I-
—wL

+
T
%

3.2.1.4 Vapor Inlet
Referenceis made to 3.2.3.2 Reboiler Inlet.
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3.2.2 Dimensions around Middle Section
3.2.2.1 Accumulator Tray

This procedure should not applied for packing tower.
(1) Required data

Temp.( Flow Density  Surf. Tens.

oC) (kgh) (kgymd) (dynelcm) TRAY
Vapor from below section T, \ Py -
Accumulated liquid T, L,+L, pL o
Liquid draw-off T, L, 0 o
Overflow liquid T, L, oL o

Tower ID (mm)
Tray space of abovetray (mm)
Tray space of below tray  (mm)

L1 (T2)

4 E
)

Vv (Ty)

L2 (T2) <

(2) Riser area
Thetota riser area should be at least 20% of the tower
sectional area.  Thisvalue, however, can be adjustable
considering mechanical design requirement and process
reguirement on pressure drop.

(3) Pressure drop through ariser
Pressure drop through ariser should be calcul ated according to the following equation :

AP=218x10" [p,, [V (kg/cm2) (1)
AP = 0.0160 [, (V2 (mmHg) 2
Where:

py = vapor density from the below tray (kg/m3)
V =vapor velocity through ariser (m/s)

Confirm that the cal cul ated pressure drop through ariser is within the following allowable pressure drop,
- Atmospherictower  : 3.5 mmHg
- Vacuum tower :1.5mmHg
If the calculated value exceeds these values, totd riser area should be increased in order to decrease
pressure drop. The pressure drop for tray mechanical design, however, should be 7.5 mmHg.
(4) Numbers of risers
At least the following numbers of risers should be provided on an accumulator tray.

Table3.2.2.1 Numbers of risers

Number of pass  Location of Number of Tower Minimum
of theabove downcomer of  passof the diameter number of
tray theabovetray  below tray risers

1 - - - 1

2 - - 3600< 2

- - 6200< 4

- - 6200> 6

4 Off center _ - 6

Center 4 - 6

2 3600< 2

6200< 4

6200> 6

A sguare type of riser should be used in principle and also arectangular type of riser can beused. At
least one riser should be larger than 400 mm x 350 mmto use asman way. Oneriser areashould be
smaller than 1.5m2. Risers should be located evenly in the accumulator tray, considering gas distribution.
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(5) Depth of drawoff box
Drawoff nozzle size (D) :
Drawoff liquid velocity in nozzle < 1.0 m/s

Depth of drawoff box (A):15 x D < A < (0.2 x DTS |_

ATS

|
DTS > TS: Accumlater Tray speace with below tray
WDC: overflow downcommer width — Q % —

(6) Normal liquid level (NLL) WDC
NLL should be determined to fill the following three (3)
conditions, namely accumulated liquid residence time, H, and
minimum required NLL.

Atmospheric tower :

A
DTS

Minimum 30 seconds based on |
liquid draw-off (L) ‘

Minimum 60 seconds based on
liquid draw-off (L)

Vacuum tower :

Distance between top of draw-
off rozZle & NLL (H):  °~ 22VH (m9
Minimum required NLL : 250 mm
Where:
v = liquid velocity in the draw-off nozzle (m/s)
(7) Dimensions around riser
Therisersare classified into three types as follows :

Type-1: no seal pan for the above tray downcomer
Type- Il : seal pan for the above tray downcomer below riser hat
Type- Il : seal pan for the above tray downcomer above riser hat

Basicaly, Type- | or 1l shall be used. Type - 111 shall be used only when it is absolutely necessary in

connection with the construction.
Fig. 3.2.2.1a Type-1: no sea pan for the above tray downcomer

C=NLL+h; (mm)

hy > 150 mm

RISER (square

(square) h, = L(s;quare),ﬁ(ci rcle)  (mm) (Note-1)
5 %% — | 2(X +Y) 4

| ? Ly — X=Ly - Y =100 mm
L, HAT hw- D=0
E 5 4 ATS>TS+NLL —h,, (mm)
— 42

NIEE
hg 2 % and 450 mm (mm) (Note-1)

5
_<
KE
—
|]|
e
ATS

WDC (Note-1) : If there are different size risers, biggest value
should be selected.

-

RISER (circle type)
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Fig. 3.2.2.1b Type- Il : sea pan for the above tray downcomer below riser hat

“HAT”

-
, |2
hw—
=%
hs
-t n.
L 1 n
100 >
NLL
el | 150
= = _\V
WDC

Fig. 3.2.2.1c Type- Il : seal pan for the above tray
downcomer above riser hat

o

L

L,

<

“HAT”

(8) Draw-off box area

| —
l_
h
ot ‘ —
-—160|
h
2
NLL CI N h <
~Z_ —
= = _\V

WDC

Draw-off box area should be determined based on

the para. 3.2.2.2.

(9) Overflow downcomer
Overflow downcomer width (Wpc) should be same as that of the below tray.

Tray space between the accumul ator tray and the below tray (DTS) should be evaluated based on the
operation data for the below tray.

C=NLL +hy +250 (mm)
h1 > 150 mm
XY
h,=—— mm) (Note-1
= S+ (mm) (Note-1)
L]_ - X=L2 — Y =100mm
D=0

ATS=2TS+NLL —h,, +250 (mm)
NiIEs
hg = % and 450 mm (mm) (Note-1)

(Note-1) : If there are different size risers, biggest value

should be selected.
C=NLL+h (mm)
h1 > 300 mm
XY
h,=—/——— mm) (Note-1
2= X 4] (mm) (Note-1)
L1 - X=Ly — Y=100mm
D =10mm
ATS=TS+NLL +hy +hy +hg —h,, +100 (mm)
L3 =9.43,/100 + h2 + h3 (mm)
hz > 200 mm (mm) (Note-2)
(Note-1) : If there are different size risers, biggest valve
should be selected.
(Note-2) :  Mechanica engineer to confirm
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3.2.2.2 Draw-off

(1) Draw-off boxes shall be provided at downcomer bottoms from which liquid isto be drawn off. The
design criteriaareasgiven in Fig. 3.2.2.2b to 3.2.2.2d.
(2) In downcomersin which excessive foaming is expected to occur, Plural gratings shall be provided as

shownin Fig. 3.2.2.2a.

(3) In cases where draw-off box Type B2-3 or B4-3 Fig. 3.2.2.2a Grating in Draw-off Box
is used, the flow velocity in the draw-off box Two gratings are required as minimum. The number of gratings
shall not exceed the maximum downcomer shall be decided in each individual case.
velocity calculated by equation (3) at the tray
concerned. The concernis vapor liquid ™ T
separation in the draw off box.

o o1 T _*
— L~ Pv
U DC(max) — (1 - FG) - 5 (3) o
PL o
1
Fs = (4) X
1+14 (pL_pV)/pL | | | | | |
Vortex s
l/ Breaker a
al -] I
D+50
min.
Where:
Upc(max) = maximum downcomer velocity (m/s)
Fc = dispersed gasvolumeratio in liquid )
pL = liquid density (kg/m3)
pv = vapor density (kg/m3)
o = surfacetension of liquid (dyne/cm)
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Fig. 3.2.2.2b Draw-off Box (One-pass tray)

(1) Type B1-1 shall be used in cases where the following equation can be satisfied :
02xTS>A>15xD

(2) If this equation cannot be satisfied, type B1-2 shall be used, in which case the dimensions shall be as shown below. However, if
thedimension "E" islarger than 0.1 x L, the weir length shall be reviewed in each individual case.

A<02xTS C>15xD D+50 < E<01xL

(3) Thedimension "B" shall be the same as the downcomer bottom width or nozzle size (D) + 50 mm, whichever isthe larger.
In cases where the "B" is determined based on the nozzle size (D) + 50 mm, the other trays shall be reviewed to equalize their
downcomer widths to the nozzle size (D) + 50 mm.

"

N =

~_. Downcomer Area
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Fig. 3.2.2.2c Draw-off Box (Two-pass tray)

(1) Type B2-1 shall be used in cases where the following equation is satisfied :
02xTS>A>15xD

(2) Type B2-2 shall be used, if the above equation cannot be satisfied, in which case the dimensions shall be as follows:
A<02xTS C>15xD D+50< E<01xL

If thedimension "E" islarger than 0.1 x L, the weir length shall be reviewed in each individua case.
(3) Type B2-3 shall be used in case where the draw-off line requires alarge liquid head or the draw-off rateisrelatively large as
compared with overflow rate to below tray.

A >15xD

E : Thedimension "E" shall be checked by using the weir equation.  If the weir length needs to be reduced ; namely, E is
larger than 0.1 x L, thetray calculations shall be re-conducted or accumlator trays shall be used.

TypeB2-1 TypeB2-2
N
Il Downcomer Area ~ IHI “N-N”"
ol -
Draw-off tray top
Lo J
N R e
__\/\__" i_ _ _
lI LI TS TS
Al )7 s
A Dl 4L - -
Type B2-3 F=
D E;% Downcomer Area
E
Y
L
F o Weir Top Level
™ AT -~ Ay
o = I :* Weir Height
1T !
T Downcomer
@ Ai TS e | % Clearance
5= [EL
= e
A1 b
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Fig. 3.2.2.2d Draw-off Box (Four-pass tray)

(1) Type B4-1 shall be used in cases where the following equation can be satisfied :
02xTS>A>15xD

(2) Type B4-2 shall be used, if the above equation cannot be satisfied, in which case the dimensions shall be as follows :
A<02xTS C>15xD D+50< E<01xL

If thedimension"E" islarger than 0.1 x L, the weir length shall be reviewed in each individual case.
(3) Type B4-3 shall be used in case where the draw-off line requires alarge liquid head or the draw-off rateisrelatively large as
compared with overflow rate to below tray.

A >15xD

E: SeeFig. 3.2.2.2¢c (3)
B : Thewidth B shall be the same as the downcomer bottom width or nozzle diameter (D) +50 mm, whichever isthe larger.
When latter is decided on, the other trays shall be reviewed to equalize their downcomer widths.

TypeB4-1 TypeB4-2
D F
ﬂ HM [ il L .
| IEEN @ E \E‘)raw-off Tray Top
=] A
F N
L ’_’_|—7 C
Wil i)
N N E
L[ N
Downcomer Area Downcomer Area
F<
SR A M~ A
S A e — b e —
i i TS i i JA TS
| O~ 2 {C

lg| TS @ TS

I
L

|
1
T

]

g
s

|
1
T

|

;
:
t
:

Type B4-3
4.|

Gilliiyl
NI

N i

F VJ " 1y
Downcomer Area B

Weir To
__\/\_ 4\/__ ‘\ .
I_ _____ _I I_ _____ _I - —l—\l/:_\_ X/ ™ % Weir Height
H ttr H :
! il T TS J@ _\/ Downcomer
--------- QA ~ /N Clearance
I i TS
R -Re -
__\/\_ 4\,__
H <+
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3.2.2.3 Cone and Shell Flange

(1) Cone:
Cone dimensions shall be determined with reference to
Fig. 3.2.2.3a.

(2) Shell flange:
Shell flanges should be provided at intervals of 6,000
mm for the towers smaller than 800 mm in diameter
and higher than 6,000 mm in tray provision height.

3.2.2.4 Trap and Pass Change
The tray pass number shall change when thereislarge
liquid flow difference betweeen the upper and the lower
trays. So, the tray pass number change is divided into four
cases, asfollows:
Case 1: Theliquid feed nozzle between the upper and
lower trays
Case 2 : The accumulator tray berween the upper and
lower trays
Case 3: The draw off box in the upper tray
Case 4 : Nointerna's between the upper and lower
trays
(D Trap
In most cases where the tray pass number is changed,

Fig. 3.2.2.3a Cone of Tower Shell
(1) Tray may be provided in cone section
(2) Minimum cone height (L) shall be as follows:

V3

L>2(D, -D,)

D,
Tray |
o I
Lo
—
|
30° max.
o V¥
Q:: | Tray
I !
D,

traps (extended seal pan) shall be provided for the upper tray downcomer. Fig. 3.2.2.4 shows the standard

dimension of the seal pan.

In many cases, notched seal pans are used to prevent the upper downcomer liquid from entering directly to
the lower downcomer. Fig. 3.2.2.5 shows an example of trap in case of no tray turn.

Fig. 3.2.24 Standard Dimension of Seal Pan Fig. 3.2.2.5 Trap (in case the tray is not to be turned)

_ TowerlD
|\ ’| Side Downcomer
T T Continuous Weir
Side Downcomer yd
Detal “A” [E2 100 Tray
/o R Space
IS —Y \ H
£ —_ 75 v
g < £ Under Downcomer He12 )
+, o] 5 Clearance Min.
O £ o 75 3|L|k- e
a) - A )
oy =\ ,@ E Tray
>} Space
P — (1 !
e_l(lem_ v .
) N N newer
Center Downcomer
1/2 1/2
1001150mm S wam
| he + 12mm Detail "A” Open Area

I
(1) her - Under Downcomer Clearance (< 3.5 inch) OpenArea | L/S LS AN _OpenArea

(2) The notch height should be checked with following equation :
Q 2/3
h> 2.36(» (mm)

Where: h =liquid crest height (mm)
Q = liquid flow rate (m3/h)
¢ =weir length except notch (m)

TL/ST ZFL/ST

75

|/ Weir Length “L” \l
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(2) Examples of the tray pass number change

(a) Case-1 examples (Fig. 3.2.2.6)
Feed Section of a gtabilizer is shown in example-1 and pump around return section of atopper is shown in
example-2.
For both examples, trays are turned 90°, and the notched seal pans are designed to prevent the upper
downcomer liquid from entering directly to the lower downcomer, and to make flow path of vapor from
the lower area of the seal pan.

(b) Case-2 examples (Fig. 3.2.2.7)
Liquid draw off sections of atopper are shown in example-1 and -2. The lower tray isturned 90° in
example-1, but not turned in example-2.  In example-2, the notched seal pans are designed to prevent
liquid from entering to the riser of the accumulator tray, because the notched seal pans are located above
the riser hats.

(c) Case-3 example (Fig. 3.2.2.8)
Liquid draw-off section of atopper is shown in this example.

(d) Case-4 example (Fig. 3.2.2.9) Tabel 3.2.2.4 Tray Turn Summary
Upper trays of atopper flash S=Sidedowncomer, C = Center downcomer, OC = Off-Center downcomer
zone are shown in this example. Y =90 degreeturned, N = No turn
Pass No. Pass Number Internal between Upper and Lower Trays
(3) Tray tum - C(:Szgge Liquid Feed Accumulatorpp i
_Tray turn cases are summarized Lower)ﬂ Upper Tray [ Lower Tray Nozzle Tray + Draw- | Draw off Box [ No Internals
inTable3.2.2.4 off Box
(4) Tray space Increase 1 2(C) Y
For case 1, 2, and 3, the tray 2(S) Y(N)
spaces should be determined 3 Y
based on the liquid feed nozzle 4 Y
(or cone), the accumulator tray, 400 | ¥
and the draw-off box, 20) i i )
respectively. 200) v
205 3 Y(N)
4 Y(N)
4(0C) Y
3 4 Y(N)
4(0C) Y
Decrease 2(C) 1 N N N
205 1 Y(N) Y Y
3 1 N(Y) N(Y) N(Y)
2(C) Y(N) N N
2(5) N(Y) Y(N) Y(N)
4 1 Y(N) Y(N) Y(N)
2(C) Y Y(N) Y(N)
209 Y(N) Y Y
3 Y(N) Y(N) Y(N)
400 | 1 N N N
2(C) N N N
209 N N N
3 Y(N) Y(N) Y(N)
Same 1 1 N N N N
2(C) 209 N Y N N
2(C) Y N Y Y
209 2(C) N Y N N
209 Y N Y Y
3 3 N N N N
4 4(0C) N Y N N
4 Y N Y Y
40C) | 4 N Y N N
4(0C) Y N Y Y
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Fig. 3.2.2.6 Tray Pass Change with Liquid Feed Nozzle (Case 1 Examples)
<Example-1>

Downcomer

Notched
/" Seal Pan

N <UI¥
Feed Nozzle N AN

[ ) \
Lower Tr. \_Z Lower Tr

Downcomer Downcomer

Upper Tray

Feed Nozzle [D_ | L

4 Upper Tray Downcomer
Lower Tray < Width (Min.)
ﬂDeta‘” | | | 100C150mm

<Example-2>
Feed Nozzle
Lower Tr
_Side Downcomer.
Notched
v Seal Pan
|
~ o~ Upper Tr.
[ 0 K Downcomer
Upper Tray - Notched Lower Tr.
M Seal Pan O Center
Feed Nozzle LY {4 Downcomer
—\ kY O R N
~ ; Yy Y \
Lower Tr,
Lower Tr, -
¥ _Side Downcomer

[a V] [V Detail — - 100150mm
4@“

l l Lower Tray

Center Downcomer

| SWidth + 100mm
(min.)
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Fig. 3.2.2.7 Tray Pass Change with Accumulator Tray (Case 2 Exaples)

<Example-1>

~= At
Upper Tray _[ lU' T
Accumulator | [ 1 ______L.
Tray
Lower Tray \ ‘

Sy - AL

*  Accumulator Tray Downcomer width

+50mm (Min.)
<Example-2>

~= At
Upper Tray 1 1

1

Accumulator |_| H _| _||
Tray ‘ o) ‘
Lower Tray ‘ \

= A|

Draw off Nozzle

Draw off Box Downcomer

Seal Pan

Upper Tr.
/ Center
" Downcomer

1/

¥

Notched
Seal Pan

7
7 Accumul ator
Lower Tr il Tray Downcomer
Downcomer Accumul ator
Tray Riser
* *
VW 1001150
[ ] —k mm)

Detail of Notched Seal Pan

Accumul ator
Tray Downcomer

Accumulator

Notched Seal Pan
Typel
Off-Center
Type2 - Downcomer
Draw off \/’/ : T Lower Tray
Nozzle \—rﬂ/
n\'ll/'j | | | | Downcomer
W K\H\
T Accumulator
Type2 A\i lelay) L, o Rise
\
Type 1 /\ [ 1 / P
Off-Center
Notched Seal Pan L Downcomer
Accumulator
Tray Downcomer
L1+100mm —
(Min.)

1001150mm
Typel l—I I—| -N
L,+100mm L,+100mm
(Min.) (Min.)

| | | —k 1001150mm

Type2
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Fig. 3.2.2.8 Tray Pass Change with Draw-off Box (Case 3 Example)

Lower Tr,
Notched Seal Pan Downcomer

/- N Typel 5 Upper Tray Side
, ¢ Downcomer

_Lerper \ Draw-off Box

ray Id Id
T
L1 i (L P Upper Tray

[
Type2 [[j/j Center
Lower i Downcomer
Tray “\
[22Y

N

~

Draw off Box
= /M- \ /
Typel = N\ Upper Tray Side

Downcomer

Notched Seal Pan 3 Lower Tray Downcomer
£ < i Width + 100mm (min.)
o & (R
S E P
Vo .
Typel i | 3
2
b S E
1
Type2 [ |
Fig. 3.2.2.9 Tray Pass Change with no Internal (Case 4 Example)
Lower Tray
Downcomer

Upper Tray (2 PASS)

Lower Tray (1 PASS)

Upper Tray
Downcomer

Upper Tray
Downcomer
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3.2.2.5 Feed Section
(1) Feed nozzles:
(8) Feed nozzles shall be parallel with the downcomer as a general rule.
(b) For the liquid feed section, constructions and recommended dimensions are provided in Fig. 3.2-23 to
3.2-25.

(2) FHash feed for small sizetower :
No impingement baffle is provided for tower
diameter, D, of 1000 mm or lessFig 3.2.2.5a

Fig. 3.2.2.5a Flash Feed (D < 1,000 mm)

[

(3) Flash feed for large size tower

When tower diameter, D, isequal to or larger than Fig. 3.2.2.5b Fash Feed (D > 1,000 mm)
1000 mm, the feed nozzle and the impingement
baffle should be equipped as shown Fig. 3.2.2.5b

A = Dg + (50 to 100 mm) Vg N

B=0.5 x Df

Dr = feed nozzle inside diameter (mm) Hz

X
, | , —
Support Bar

(4) Flash guide for CDU or VDU main column
The purpose of flash guideis centrifugal separation of gas and liquid in the mixed phase feed.
(a) The flash guide type shall be either of the following two which shall be selected based on the attaching
method :
JGS 332-218-6-18E "Flash guide (Assembly type)"
JGS 332-219-6-19E "Flash guide (Welded type)"
These JGC standard drawings indicate basic dimensions only, and detailed dimensions shall be decided by
the manufacturer.
Basically, welded type flash guide shall be adopted. Because, several problems, such as bolts removal,
vibration, and so on may occur in the assembly type flash guide.
(b) The relationships between the flash guide and bottom head or below tray are shownin Fig. 3.2.2.5c.
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Fig. 3.2.2.5c Flash Guide

(1) Horizontal section
(a) In the case of welded flash guides, vent holes or holes which can serve as b
avent hole, shall be provided in the weir plates without fail.
(b) The dimension "a" shown right shall be decided within range of 0.7 to
0.8 of theradius "R" after review of the welding edge geometries and ?
welding method of Joint "A". /
() The nozzle projection "b" shall be decided with consideration given to
the insulation thickness.
(2) Vertica section a
E > 100 mm F=013xDi+D G > 150 mm H>Ts
Where: R
Di = tower interna diameter (mm)
D =weir plate width (mm) = Df + 300 mm
Df = feed nozzle outer diameter (mm)
Each dimension determined as above should be confirmed by the
mechanical engineer.

\{/

B B

e 1 B |- HT
|
Ii

(1 (1n

Callector Ring

(3) Coallector ring
(a) In case of type | and 11, collector ring should be equipped in order to control liquid flow. Typical collector ring is shown below.
Each dimension should be decided based on the liquid flow rate.
(b) Cutting width should be decided so as to the liquid flow rate between 45 to 90m3/hr. m(60 to 120 GPM/ft).

D.C. of below Tray D.C. of below Tray

Min. D

Cutting

[} Min. 500mm

For 2 PassTray For 1 PassTray
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(5) Feed nozzle for FCC (RCC) main column
Fig. 3.2.2.5d shows the typical example of FCC (RCC) main column feed section.
Impingement baffle plate should be equipped at the opposite side of the feed nozzle to prevent coke
formation and erosion due to high temperature reactor effluent.  Baffles or packing height (H) shall be
decided, based on the required heat transfer area between feed vapor and liquid. Fig. 3.2.2.5e shows the
typical examples of the baffles.

Fig. 3.2.25d FCC (RCC) Main Column Feed Section

Baffles

/ Pa&ri ng

Impingement Baffle Plate

Feed Nozzle (
Feed Nozzle1.D.
+ 400mm (Min.)

10% of Tower I.D. Min.

Impingement Baffle Plate

Feed Nozzle

Feed Nozzle|.D.
+400mm (Min.)

Fig. 3.2.2.5e Typical Baffle Type
SHEDS DISC-AND-DONUT

Notched circular W\
inlet weir \\I/l,\l\‘
Oy P
(2% —
SR — =
T o~ 4
Ve~ 5 ‘Slope
I~ L [ 1 inch/feet
Ali~ L~ |A W
Notched inlet weirs on Ve I/\Nl 71‘/
top baffles only "Slope

Notched weirs; do not use in
fouling service.

Weirs Optional;
do not usein DISC
fouling servfice.

-
%

Section A-A
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Fig. 3.2.2.5f Feed Nozzle (One-pass tray)

(2) Tray spaces at which manholes are to be provided, shall be 900 mm minimum regardless of the manhole size.
In cases where no manhole is provided, minimum tray spaces shall be asfollows :

Tower Diameter Nominal Feed Nozzle Size
Under 6" 6" and over
Under 3,600 mm 600 mm 750 mm
3,600 mm and over 750 mm 900 mm
(2) Inany case, if the following two equations cannot be satisfied, the tray spacing shall be 750 mm+ nozzle outside diameter :
(i) Straight downcomer without relief weir : Tower diameter > 2 x P+ D + 500
(it) Sloped downcomer with relief weir : Tower diameter > P+Q+ R+ D + 560

Type D1-2 (JGS 332-218-6-23E)

Approx. 150

1l

P Downcomer top width

Q : Downcomer bottom width
R
D

Set back of relief weir

= Approx. 40 o
Nozzle outside diameter

S VS

Vent Hole

e | G

| min. {100 %‘—é 45°

‘ /Z\Omm hole (min. size) or dlit.

__\/\_ _\/\__ Total hole (slit) area shall be equal
to nozzle cross-sectional area.
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Fig. 3.2.2.5g Feed Nozzle (Two-passtray)

(2) In cases where the following types of trays are to be used, the following conditions shall be satisfied :
(i) Tray spaces at which manholes are to be provided, shall be 900 mm minimum regardless of the manhole size.
(i) In cases where no manholeisto be provided, minimum tray spaces shall be asfollows:

Tower Diameter Nominal Feed Nozzle Size
Under 6" 6" and over
Under 3,600 mm 600 mm 750 mm
3,600 mm and over 750 mm 900 mm

(2) Inany case, if the following eguation cannot be satisfied, the tray space shall be 750 mm + nozzle outside diameter :
Tower diameter > 2 x (P+ Q/2 + D + 450)

Where : P = Side downcomer width, Q = Center downcomer width, D = Nozzle outside diameter

Type D2-4 Type D2-5
(JGS 332-218-6-28E) (JGS 332-218-6-29E)
+ Approx. 1] Approx.
| i 150 | - 150
|
4 |if21] 4 |if2
AlHAN LA HA

y Approx. y Approx.

+ =R 40 ] =R 40

TTop

Vent Hole

— -~ —/ - ; “p AT
O min. :*min.
— 1200 :1— 200
-@- ‘ @}mn# -@- -@- . 45°
9I—|é' min.
’—‘—‘ R 100 ZOmm hole (min.)
‘ or dlit.

-/ Total hole (dlit) area
shall be equal to nozzle

cross-sectional area.

& JGG GORPORATION



Page 27 of 64
STANDARD PRACTICE |CONFIDENTIAL | | J6S  210-120-1-21F

Fig. 3.2.2.5h Feed Nozzle (Four-pass tray)

(2) In the case of Type D4-2, the following requirements shall be satisfied :
(i) Tray spaces at which manholes are to be provided, shall be 900 mm minimum regardless of the manhole size.
(i) In cases where no manholeisto be provided, minimum tray spaces shall be as follows :
Tower Diameter Nominal Feed Nozzle Size
Under 6"

6" and over
Under 3,600 mm 600 mm 750 mm
3,600 mm and over 750 mm 900 mm

(2) Inany case, if the following eguation cannot be satisfied, the tray space shall be 750 mm + nozzle outside diameter :
Tower diameter > 2 x P+3 x Q+4 x D +900)

Where : P = Side downcomer width, Q = Center and Off-center downcomer width, D = Nozzle outside diameter

Type D4-2 (JGS 332-218-6-31E)

Approx. 150

4 iR
A Approx. 40
guuilin=s
TV M TTop
I JI( ) Vent Hole
S| | | =g /I\Mm.ZOO A
sl Min. 100 -
| | | |
I
LA N

45°
ZOmm hole (min. size) or dlit.

Total hole (dlit) area shall be equal
to nozzle cross-sectional area.
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3.2.3 Dimensions ar ound Bottom Section

3.2.3.1Liguid L evel

(1) Determination of a minimum holding time for atypical system is as shown below. In cases where the
normal liquid level in the holding portion is affected to alarge extent by other factors, separate
consideration should be given to the holding time.

(2) Detailes for the holding time in liquid-liquid separators are specified in JGS 210-120-1-22E " Drums".

3.2.3.2 Reboiler Return
Dimensions and constructions of vapor phase or Mixed phase inlets, such as those for reboiler return shall
conformto Figs. 3.2.3.2at0 3.2.3.2c.

Fig. 3.2.3.2a Vapor or Mixed Inlet (One-pass tray)

(1) Consideration shall be provided so that the inlet fluid will rise evenly without collecting at one point in the active areain the bottom
tray.
(2) Therising fluid shall not obstruct the overflow of liquid from the seal pan.

Dimension "A" (mm)
Nozzle Size| 114" 24"
and 2" 3 4" 6" 8" 10" 12" 14" 16" 18" 20" and
Type Under Over
V11 290 360 410 460
V1-2 B + 150 B + 300
1 il
Bottom Tray Bottom Tray
_\/\_ / _\/\._ _\/\_ / _\/\._
. T A .
4 : A
S0 RV | B | B
= | Min. :'_I —é Min
U= - LN~ N
TypeV1-1 TypeV1-2
(Vapor Phase) (Mixed Phase)
_.\/\_ _\/\._
Ml D: Feed Nozzlel.D (m/m)
| 0 15xD
0 ~n ‘[JT ~ )\ 0 O 0.5 x D or 150mm, Whichever is larger
O mlellllate v O Min. 100mm
O U O Min. Tray Space
. .
1N Al O Min.2xD
TypeV1-3

(Polymerization or Coking Services, such as acrylic acid reboiler return)
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Fig. 3.2.3.2b Vapor or Mixed Inlet (Two-pass tray)

(1) Consideration shall be provided so that the inlet fluid will rise evenly without collecting at one point in the active areain the bottom
tray.

(2) Therising fluid shall not obstruct the overflow of liquid from the seal pan.

(3) In the case of two - passtrays, asarule, Type V2-1 and Type V2-2 shall be used. Type V2-3 shall be used in cases whereit is
absolutely necessary in connection with the construction.

Dimension "A" (mm)
Nozzle Size| 114" 24"
and 2" 3" 4" 6" 8" 10" | 12" | 14" | 16" | 18" | 20" | and
Type Under Over
V2-1 290 360 410 460
V2-2 B + 150 B + 300
Dimension "F" (mm)
Nozzle Size| 114"
and 2" 3" 4" 6" 8" 10" | 12" | 14" | 16" | 18" | 20" | 24"
Tower dia (mm) Under
Under 2,000 350 450 570
2,100 - 4,000 400 500 620
4,100 - 6,000 450 650 650 700
6,100 - 8,000 600 700 800 850
TypeV2-1 TypeV2-2 TypeV2-3
(Vapor Phase) (Mixed Phase) (Vapor Phase and Mixed Phase)

X271 sed PanWeir

Bottom Tray Bottom Tray

L I I
IR

| L]
Min. Hﬁ}——__ﬁ%‘g

150 v

(Note) Asfor Bafflesize, see Fig. 3.2-38 in para. 3.2.5.7 (2).

& JGG GORPORATION



Page 30 of 64
STANDARD PRACTICE |CONFIDENTIAL | | J6S  210-120-1-21F

Fig. 3.2.3.2c Vapor or Mixed Inlet (Four-pass tray)

(1) Consideration shall be provided so that the inlet fluid will rise evenly without collecting at one point in the active areain the bottom
tray.

(2) Therising fluid shall not obstruct the overflow of liquid from the seal pan.

(3) In the case of four-passtrays, asarule, Type V4-1 and V4-2 shall be used. Type V4-3 shall be used in cases whereit is absolutely
necessary in connection with the construction.

Dimension "A" (mm)
Nozzle Size| 114" 24"
and 2" 3" 4" 6" 8" 10" | 12" | 14" | 16" | 18" | 20" | and
Type Under Over
V4-1 290 360 410 460
V4-2 B + 150 B + 300
Dimension "F" (mm)
Nozzle Size| 114"
and 2 3 4 6 8 10 12" | 14 16 18 20 24
Tower dia (mm) Under
Under 2,000 350 450 570
2,100 - 4,000 400 500 620
4,100 - 6,000 450 550 650 700
6,100 - 8,000 600 700 800 850
TypeV4-1 TypeV4-2 TypeV4-3
(Vapor Phase) (Mixed Phase) (Vapor Phase and Mixed Phase)

X =1 Seal Pan Weir

R P
H l !

X
Tunnel Box “x - X" Bottom Tray
Bottom —\ Bottom
I Y
LT e 2 -
» | L A | _ Q10
[ [ F
u I_I{P_‘—' - JF i
O s el T WTIIL 11
) - = A A= | -

(Note) Asfor Bafflesize, seeFig. 3.2-38in para. 3.2.5.7 (2).
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3.2.3.3 Draw-off from the Bottom Tray
Draw off from bottom tray such as those for once-through thermosiphon feed, shall be asindicated in Fig.
3.2.3.3aand 3.2.3.3b.

Fig. 3.2.3.3a Draw-off from Bottom Tray (1)
The dimensions"G" and "H" shall be checked by using the weir equation, if liquid flow rateis high.
G > 100 mm, J>D+50mm, H > 150mm

Seal Pan Stiffener

_\ | -
I .

. e —t

n

—

= T
. e -
_—/ B H

) | —A—

Fig. 3.2.3.3b Draw-off from Bottom Tray (2)
G =100 mm minimum
H = 150 mm minimum
J=D+ 150 mm
M =25 mm minimum
K = 150 m3/h/m(200 gpmvft)

TypeB2-4 TypeB2-5
Baffle %
//A‘!::!;\
ar . / i \
‘— —K——(+) | - i+! -
A | NIl
\_/ \\Ii:> Draw-off Pan

Seal Pan Stiffener

Waeir : .

Seel Pan / ?e —= e K D,
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3.2.4 Skirt

3.2.4.1 Form of Skirt

Skirt forms shall be decided in
accordance with Fig. 3.2.4.1.
However, their final decisions shall be
made in accordance with the results of
the detailed equipment design.

3.2.4.2 Height of Skirt

The height of skirts shall be decided

so asto satisfy the limitationsin (1)

and (2) below. However, they must be

re-checked from the overall standpoint

in the hydraulic design.

(1) In cases where pumps are
involved:
Required NPSH (NPSHR) of the
pumps shall be satisfied. For
pump NPSHR estimation
procedures, refer to JGS 210-120-
1-27E "Basic Design of Pumps'.

Fig. 3.2.4.1 Typesof Skirts
(1) The slope of Type-F skirts shall be /HSK = 0.1 or 0.12. Even in the case of
special types, the slope shall be 22.5° maximum.
(2) In cases where H/D (H = Tower Height) islarger than 18, Type-F skirts shall be
used. In al other cases, Type-S skirts shall be used.

Y ) Y )
—1 N—"

D D

HSKB
.- .. / "

“Type-S’ “Type-F’

Generally, skirt heights are 4,000 mm.

(2) In cases where thermosiphon reboilers areinvolved :
Skirt heights shall be calculated from the process design information. A typical example of vertical
thermosiphon reboiler isgivenin Fig. 3.2.4.2.

Fig. 3.2.4.2 Typica Arrangement of Vertical Thermosiphon Reboiler

e

A : To be specified in P& 1D
L : Liquid static head

T LLL
|
TL
_ N H (Channe)
5 <
Ko} Bottom of Pipe
< X GL+500
&% m
HEEEHEEEHEE GL+150
.......... oL
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3.2.5 Miscellaneous Nozzles

3.2.5.1 Manhole
(1) Location of manholes:
Manholes shall be provided at least at the following locations :
-Ontop (Referto3.21.1& 3.2.1.2)
- At feed tray
- On bottom
- At accumulator tray
- Every 20 trays asaguideline
(2) Manhole sizes:
Manhole sizes shall be decided based on the following criteria:

Vessel diameters Nomina manhole sizes
900 and under (mm) 18-inch (413 mm ID)
901 to 1500 (mm) 20-inch (464 mm ID)

1501 and over (mm) 24-inch (560 mm ID)

(3) If the inside diameter is smaller than 901 mm, top shall flange shall be provided.

(4) In cases where no internals are located and the manhole is intended only for use as a manway, its size may
be 18-inch in nominal size.

(5) Vessdlswhich are too small for workmen to enter (under 800 mm in vessel diameter), shall be provided
with 10-inch handholes.

3.25.2LC-LG Nozzle
(1) Standard nozzle sizes shall generaly be asfollows:
Level controller, LC 34", 1y, 2", 3"
Level gauge, LG 341"
Stand pipe and vessel nozzle 2"
(2) Arrangement details are shown in JGS 210-120-1-56E “ Preparation of LC and LG Arrangement”
(3) Nozzle locations shall be asindicated in JGS 210-120-1-22E “DRUMS’

3.2.5.3Vent and Drain
Vent and drain sizes shall be decided asfollows::

Table3.2-4 Vent and Drain Sizes

Vessel Volume(m3)  Vent Drain
Under 150 11" 115"
150 to 400 2" 2"
Over 400 3 3"

3.25.4 Tl Nozzle
Standard nozzle size shall generaly be 114".

3.2.5.5PI/Pdl Nozzle
Standard nozzle sizes shall generally be asfollows.

Pl 1" or 1"
Pdl 3, or1"

3.2.5.6 Utility Nozzle
Standard nozzle size for steam out shall generally be 2".
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3.2.5.7 Vortex Breaker, Baffle and Drain
(1) Vortex breaker :
The following three types of vortex breakers are used by JGC as a standard :
Typel (JGS 332-218-6-03E) for Ordinary vessels
Typell (JGS 332-218-6-04E) for Vessals provided with lining
Type I (JGS 332-218-6-05E) for Vessals provided with concrete lining
Each of these typesis designed for "A" or "B" shown in Fig. 6-36 based or the following criteria:
Type"A" isused in normal cases.
Type "B" isused in cases where other nozzles, such as boots are provided to draw off heavy
components to prevent them from passing to the nozzles concerned or where thereisa
possihility of dudge accumulation.

Fig. 3.2-36 Vortex Breaker

e

\,_‘ I — ] Nozzle

= ] = =

“TYPE-A” “TYPE-B”
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(2) Baffle:
(8) Unless otherwise specified, the following types shown in JGS 332-218-6-02E shall be followed :
Type | Baffles (for level gauges) :  To be located at the part of upper nozzle of level gauge.
Type |l Baffles (for level gauges) : To be used in cases where Type Il baffles cannot be attached.
Type 111 Baffles (for gas outletsand To be used in cases where gas outlets are |ocated not on top head

liquid inlets) : but on the shell wall. Liquid inlet baffles are to be reversaly
arranged.

Type IV Baffles (for liquid inlets) :  To be used for liquid inlets on the bottom side of horizontal
vessals.

Note : Dimensions of Type Il baffles shall be decided based on Fig. 3.2-37

(b) In cases where Type V2-3 (Fig. 3.2-27) or Type V4-3 (Fig. 3.2-28) reboiler return are selected, unless
otherwise specified, the baffle indicated in Fig. 3.2-38 shall be provided.

3.3. Trays

Fig. 3.2-37 Dimensions of Type- |1l Baffle Fig. 3.2-38 Reboiler Return Nozzle Baffle
Note : If the baffle dimension 2D extends beyond the tangent
ling, it shall be cut at the tangent line.

z\ Over D (min. 100)
v

LAy

D + 60

D+50

3.3.1 Selection of Tray Types
(1) A brief description on the tray selection is provided in Appendix-1 and summarized herein.  The selection

of trays and internals shall be finalized based on economic evaluation and detailed study on performances.
(2) Thetray types considered herein are asfollows :
- Bubble cap tray
- Flexitray
- Sievetray
- Dualflow tray
- Baffletray
-MAX FRACtray : new tray
-ULTRA FRACtray : new tray
- SUPERFRAC tray : new tray
- NYE tray : new tray
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(3) Thefollowing table will be useful to choose the tray type as afirst assumption. Consult the vendor to
obtain performance data and cost for each individual case.

Table3.3-1 Comparison of Tray Types
Bubble cap Flexitray Sievetray Duadflowtray Baffletray SUPERFRAC NYEtray

tray tray
Type of opening bubble-cap  vave seve seve partialy sieve valve vaveor sieve
Capacity Moderate Moderate Moderate Good Moderate Good Good
80 to 90% 100% 100% 110to 130% 120t0 130% 110 to 120%
Turn down Good Good Moderate Poor Poor Good Good, same as
1/10 2/10t0 3/10 4/10to5/10  7/10to 8/10 2/10t0 3/10 valveor sieve
Pressure drop Moderate Moderate Good Good Good Moderate Good with
(mmHg) (Min. 1.6) (Min. 2.4) (Min. 1.1) Sevetype
Efficiency Good Good Good Poor Poor Good Good
Fouling Poor Poor Good, with Good Good Poor Good with
large hole sievetype
Corrosion Good Poor Good Good Good Poor Good with
sievetype
Maintai nability Poor Good Good Good Good Good Good
Cost High Standard Low Low Low High High
250t0300% 100% 80 to 90% 60 to 70% 60 to 70% 150t0200% 120%

3.3.2 Efficiency and Heat Transfer Coefficient

3.3.2.1 Tower Efficiency

(1) Although no satisfactory procedures have yet been established for efficiency estimation, several documents
are available as aguide; refer to[1], [2] and [3] in Section 10 of this practice.

The factors influencing the efficiency are asfollows::
- K-value estimation method (bases for calculation of theoretical tray numbers)
- Fluids handled
- Pressure drop across tray
- Liquid mixing behavior on tray
- Concentration distribution of componentsin each tray
- Entrainment, weeping.

(2) The overal tower efficiencies with K-value estimation method are approximated and summarized in Table
3.3-2. Thefina valueto be used in tower design shall be determined, considering various factors, such
as physical properties, operating conditions and tray geometry. The number of traysto be used in the
tower design may not so largely differ from those used in previous Projects.
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Table3.3-2 Approximate Tower Efficiency

Field Process Service Section -- Efficiency (%) -- K - Value Note
Ave. or top Bottom
Refinery  CDU Prefractionator 70-80 BK10
Main Column Top - Naph 75-80 SRK (BK10)
Naph - Kero 70-80 BK10
Kero- LGO 70- 80 BK10
LGO - HGO 65-75 BK10
HGO-F.Z 65- 70 BK10
Stripping 50 - 60 BK10
P.A. Section 50-70 BK10 or SRK
Side-cut Stripper Naphtha 50 SRK (BK10)
Kerosene 50 BK10
LGO 40- 50 BK10
HGO 40 - 50 BK10
Stabilizer 75-85 75-80 SRK
Gasoline spritter 80~90 SRK(BK10)
VDU Vaccum DistilTation Top - VGO 65-70 BKI0
VGO - WAX 60 - 65
WAX - 60 - 65
H.Slop 40- 45
H.Sop-F.Z 40- 45
Stripping
FCC/RCC Main column Top - H.Naph 65 GS
H.Naph - 50
LCO 50
LCO-HCO 50
HCO -
Bottom
Absorber 30-40 SRK
Stripper 35-40 SRK
Sponge Absorber 35-40 SRK
Debutanizer 70- 80 70-80 SRK
Depropanizer 80-90 80-90 SRK
C3/C3™ spiritter 90 90 SRK
Hydro- Naphtha Stripper 75- 80 75-80 SRK
treater Kerosene Stripper 75 75 SRK
Gas OIl Stripper 50 50 SRK
VGO stripper 50 SRK
RCD stripper 50 SRK
PL - Deethanizer 70 70 PR
GasCon. Depropanizer 90 90 PR
Stabilizer 75 75 SRK
Hydro- Debutanizer 75 75 SRK
cracker Deethanizer 70 70 SRK
Aroma. eic FMT splitter 65 70 SRK
CTsplitter 75-80 SRK
LNG/ILPG Stebilizer 50 SRK
Deethanizer 60-70 SRK
Depropanizer 75-85 SRK
Debutanizer 75-80 SRK
Chemical Ethylene  Primary fractionator 45 BK10 Ripple tray
*1 Light CBO stripper 40 SRK or PR Valvetray
Qnench water tower 25 BK10 Rippletray
Distillate stripper 28 SRK or PR Valvetray
Gasoline fractionator 50 SRK or PR Valvetray
Condensate stripper 45 SRK or PR Valvetray
Demethanizer 80 SRK or PR Valvetray
Demethanizer prefractionator 60 SRK or PR Valvetray
Deethanizer 70 SRK or PR Valvetray
No.1/2 Ethylene column 80 SRK or PR Védvetray
No.1/2 Depropanizer 70 SRK or PR Valveor Rippletray
Secondary deethanizer 70 SRK or PR Védvetray
Propylene column 87 SRK or PR Valvetray
Debutanizer 50 SRK or PR Valvetray
Ethyl Prefractionator 60 60 SRK
Benzene Benzene Recycle column 68 68 SRK
Ethyl Benzene Recovery column 63 63 SRK
PEB Recovery column 48 55 SRK
Styrene Benzene column 57 32 SRK
Monomer Ethyl Benzene Recycle column 62 98 SRK
Stylene Monomer column 53 48 SRK

*1 Ethyleneteam to be consulted for detail

& JGG GORPORATION



Page 38 of 64
STANDARD PRACTICE |CONFIDENTIAL| JGS 210-120-1-21E

3.3.2.2 Heat Transfer Coefficient
Heat transfer coetticient, Uy (Kcal/m2.h.cC), can be ca culated to determine the required tray number of

pump around section.

T2 L1 t1
Vo
Qex.
Ae=AxN
L2|t2
T1
Vi

Fig. 3.3-3 Pumparound Section

AT = (Tl _tz) _(Tz _tl)

1
In(Tl - tz] »
T, -t
Ubesign = A(iing > Ucdl (2
Where:
QexT = heat duty (106 Kcal/h)
At = tower area (m?)
N = number of tray O]
Ag = ArxN (m2)
L., L, = liquidload (kg/h)
V4, V, = vapor load (kg/h)
ty, t, = liquid temperature (eC)
T4, T, = vapor temperature (eC)

Ucg should be caculated by using Fig. 3.3-4 with vapor and liquid flow rate defined asfollows :

V= (Vl“;VZ) /AT (kg/m2.h) (3
L= (l‘l;sz /(Pass noxTower Dia) (kg/h/m.pass no.) (4
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Fig. 3.3-4 is used for check of heat transfer.

Fig.3.3-4 HEAT TRANSFER ON BUBBLE CAPPLATES
(DESIGN CURVE EXCLUDING CHIMNEY TRAY)

10000
L-AVERAGE TRANSVERSE LIQUID| RATE ON TRAYS
LB/HrOFt OF TOWER|DIAM. [LIQUID PASS PER TRAY
V-AVERAGE MASS VELOCITY OF TOTAL VAPORS THROUGH
PUMP AROUND SECTION
LB/HrOFt OF TOWER| CROSS |[SECTIONAL AREA
U-HEAT TRANSFER COEFFICIENT
BTU/Ft20HrO0F OF [TOWER CROSS SECTIONAL AREA
L (LB/HrOFt-PASS)
160,000
50,000
®) [ 40,000
& |~ 30,000
g ////' 20,000
% 1000 - ///// 10,000
5 /’ / FLEXI
5 / ;/ |_—+5,p00 TRAY
D / // 4,000
/ g _—3,000
— 2,000 0
// |
/ /
/// —T 1,000
é/
100
100 1000 10000

V (LB/Ft2/Hr)
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3.3.3Design Criteria of Trays

3.3.3.1 De-rating Factors
(1) The uncertainty in predicting the capacity of atrayed column design occurs for a number of reasons.
Inaccurate, or possibly estimated, physical properties and VLE data and errors associated with design
correlations for hydraulics and efficiency are among the sources of uncertainty. To account for these
uncertainties, the tray design is often derated by applying correction factors, known as de-rating factors, to
the design calculations. Three reasons for de-rating are generally recognized, each with a different name
for the de-rating factor:
foaming ( foaming factor),
physical properties (system factor), and
uncertainty in the design correlations (safety factor).
(2) De-rating factor
(a) Foaming factor :
The foaming factor is the most common type of de-rating factor. The hydraulic capacity of column trays
is reduced by the presence of foam. The higher the foaming tendency, the lower the foaming factor.
Foaming factors normally range from 0.5 to 0.9 depending on the severity of the foam.
(b) System factor:
The system factor is ade-rating factor applied to the capacity correlation for reasons other than foaming.
System factors provide amargin of safety when designing outside the range of the physical property data
bases of empirica design correations.
(c) Safety Factor:
The safety factor is applied to account for deviations of a particular correlation from its available data
base. Safety factors alow for uncertainty in the application of capacity, pressure drop or efficiency
calculations. Notethat the safety factor defined by F.R.1. is greater than one, unlike foaming factors and
system factors used in the vendor procedures, which are all lessthan one. Thereciprocal of the F.R.I.
safety factor can be used for direct comparison. Safety factor may be alternatively expressed as adesign
percentage of the correlation, typically 85%.

(3) The de-rating may be based on one or more of these considerations. Where two or more de-rating factors
are considered applicable, the judgment of the experienced designer isrequired to decide how these factors
may be combined to avoid excessive de-rating. Excessive de-rating of adesign can result in agreatly
oversized tower, which will in turn lead to oversized auxiliaries.

(4) De-rating is most commonly applied to capacity correlations. To obtain the actual or de-rated flood load
for agiven system, the predicted flood vapor load (entrainment flooding) or liquid load (downcomer
choke) obtained from the correlation is multiplied by the de-rating factor.

In case of downcomer backup flood, the froth height predicted from the correlation is divided by the de-
rating factor. A consolidated listing of published de-rating factorsis provided in Table 3.3-3.

(5) The application of de-rating factorsis fraught with confusion.  Caution is required, especialy when
communicating with an outside company whose de-rating practices may differ.
The following need to be carefully specified.

- The flooding mechanism to which the de-rating factor applies (entrainment flood,
downcomer backup, downcomer choke, or all)

- Avoiding double de-rating. The application of de-rating factors will double-derate the
flood calculation if applied jointly with a correlation or criterion that already takes
foaminessinto account. Only one of the factors from Table 3.3-3 should be applied to a
single system.

- Choosing the appropriate value for the de-rating factor. De-rating factors vary from source
to source, and may depend on the corrdation used as well asthe application. The de-
rating factorsin Table 3.3-3 are useful as a guide, but are not absol ute.
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Table 3.3-3 Derating Factors
(1) Non-foaming

System Factor Reference Notes
Nonfoaming regular systems 1.0 1,23
High pressure (p, > 28.8 kg/m®) 2.93/p,,0-32 1 Do not double-derate.
(2) Low-foaming
H2S strippers 0.9 3
0.85 1
Fluorine systems(Freons,BF3) 0.9 2
Hot carbonate regenerators 0.9 1
(3) Moderate-foaming
Deethanizers 0.77 for Flexi tray (BET Report No. 90 - 016)
Absorbing type,top section 0.85 1,2,3
Absorbing type,bottom section 0.85 1,2
Refrigerated type,top section 0.8 3
Refrigerated type,bottom section 1.0 23
Demethanizers 0.71 for Hexi tray (BET Report No. 90 - 016)
Absorbing type,top section 0.85 1,2,3
Absorbing type,bottom section 1.0 3
0.85 12
Refrigerated type,top section 0.8 3
Refrigerated type,bottom section 1.0 3
Oil absorbers
Above 0oF 0.85 12,3 Ref.1 proposes these for "absorbers" rather than “oil
absorbers.
Below 0 oF 0.95 3
0.85 2
0.8 1
Crude towers 10 3
Crude vacuum towers 10 3
0.85 1
Furfural refining towers 0.85 1
Furfural fractionator 0.85 1
Sulfolane systems 1.0 3 with antifoamer
CO, regenerator 0.85 1
K,COg siill 0.85 1
Glycol regenerators 0.85 2
0.8 3
0.65 1
Hot carbonate absorbers 0.85 1
(4) Heavy-foaming
Amine-absorbers 0.80 1
0.75 3
0.73 2
CO, absorber 0.80 1
Glycoal contactors 0.72 2 Ref.1 recommends 0.65 for glycol contactorsin
0.65 3 glycol synthesis gas service, 0.5 for others.
0.50 1
K2COg absorber 0.80 1
MEA ,DEA absorber,regenerator 0.70 1
Sour water strippers 05-0.7 3
0.6 1
Oil reclaimer 0.7 1
UDEX stripper 0.65 1
ADIP regenerator 0.65 1
MEK units 0.6 2
Glycaol still 0.65 1
Caustic regenerators 0.6 1
0.3 2
Caustic wash 0.65 1
ADIP absorber 0.53 1
Alcohol synthesis absorbers 0.35 1
Reference: 1. Koch Engineering Co.,Inc.,"Design Manual-Flexitray," Bulletin 960-1, Wichita, Kansas, 1982.

2. Glitsch, Inc., "Ballast Tray Design Manual," Bulltein 4900, 4th ed., Dallas, Texas, 1974.
3. Nutter Engineering, "Float Valve Design Manud," Tulsa, Oklahoma, 1976.
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3.3.3.2 Design Variables
---- Later -----

3.3.4 Standard Tray Dimensions

3.3.4.1 Main Dimensions

(1) Tower diameters::

Standard tower diameters shall be rounded as follows::
Tower diameter < 1,000 mm

50 mm steps

100 mm steps
200 mm steps

Tower diametersin feet shall be rounded in 0.5 feet steps for any diameter.

1,000 mm < Tower diameter < 3,000 mm

Tower diameter >3,000 mm

Minimum tower diameter restricted from tower construction shall be as follows :
No limitation

1-passtray

2-pass tray

3-pass or more
(2) Tray spacing :

>
=

1,200 mm

(number of pass) x 750 mm

Tray spacing shall be 300 mm (12 inch) minimum, rounded in 150 mm (6 inch) steps as a standard.

Tray spacing most preferable are 300, 450, 600, 750 and 900 mm or 12, 18, 24, 30 and 36 inch.

Minimum tray spacings restricted from tower construction are shown in Fig. 3.3-5.  In case tower
diameter islessthan 10 ft and serviceis clean, 18 inch tray spacing is recommendable from a viewpoint of

total tower cost.

42

Fig. 3.3.5 Minimum Tray Spacing

36

30

Recommended range

24

18

Tray spacing (in)

12

Tray cost wil
in thisrange

| increase

(3) Number of passes:

4 6 8 10 12 14

Tower diameter (ft)

16

18

One(1) pass or two(2) pass trays may preferably be used as a generd rule.
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3.3.4.2 Downcomers
(1) Downcomer width :
Downcomer widths shall be rounded in 10 mm (0.5 inch) steps as a standard.
(8) Segmental downcomers (Fig. 3.3-6) :
- Side projected weir lengths and side actual weir lengths shall be both equal to "L" shown in Fig. 3.3-6
- Flow pass length shall be longer than 510 mm (20 inch) for 750 mm or larger diameter towersto provide
amanway. Hence, downcomer widths shall be asfollows:
W < D; +K; —510

5
> ®)
Where:
W = Downcomer width (mm)
D+ = Tower diameter (mm)
Kg = Kick back (mm)
- Weir lengths shall be larger than 60% of the tower diameter to obtain good liquid distribution on the tray.

L
W/Dt > 10%;L/Dy > 60%; Ap/At = 5% A; :ZDTZ (6)
- Minimum downcomer widths restricted from fabrication of tray and tower shall be as givenin Fig. 3.3-7.
Fig. 3.3-6 Segmental Downcomer Fig. 3.3-7 Minimum downcomer width
20
T I T T TTTT I T T T
18
— 16 |
14 Center Downcomer and
=S Off-Center Downcomer
£ 12f =
5
L i 10 =
5
€ 8f -
:
6 — —
4 - —
Side Downcomer
2 — -
0 1 | | N | | 1 11
(b) Relief downcomers (Fig. 3.3-8) : 2 3 45678910 15 20 30 40

Relief downcomer is a segmental downcomer equipped with relief weirs as SHYRPR B8P linesin
Fig. 3.3-8. Thedark portionsin Fig. 3.3-8 is at the same level as the tray plate and the weir is provided
along the bold line.

- No relief weir shall be provided in any of the following cases :

Where liquid rateisless than 2 gpm/inch of projected weir when pressure drop is not alimitation.
Where the tower diameter islessthan 1,200 mm (4 ft)
Where the downcomer width "W" is greater than 20% of the tower diameter.

- Limitations on segmental area: All requirements for the segmental downcomer are applied to the
segmental portion of relief downcomer.  Further, the dimension "A1" shall be 400 mm or over to
provide a manway.

- Minimum downcomer width restricted from fabrication shall be asgivenin Fig. 3.3-7.

- Koch regards the relief area as a part of the downcomer area while UOP does not permit this. The
precautions to be taken in the design of trays for a UOP process are given in the reference [1].

(c) For other types of downcomers, refer to the tray design manual [1].
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Fig. 3.3-8 Relief Downcomer
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<—
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(2) Kick backs:
Kick backswill be provided to increase the active area especialy in high pressure towers.
Kick backs shall be rounded in 10 mm (0.5 in) steps, with maximum kick back of 100 mm.
Downcomer bottom area shall be greater than 55% of top area. If the bottom area become 50% or less,
twice the bottom area shall be used as the top areain performance cal culation.
No kick back shall be provided if the tray spacing is 450 mm (18 inch) or less.
(3) Weir heights and under downcomer clearances :
The following values are standard which shall be adjusted for use based on the design conditionsin each
individual case:

(8 Maximum weir heights shall be 1/6 of the tray spacing or 75 mm (3 inch), whichever issmaller.

(b) Minimum weir heights shall usualy be 25 mm (1 inch).

(c) For sieve trays, aweir height of 0 - 25 mm (0 - 1 inch) can be used if downcomer sumps are provided.

(d) Under downcomer clearances shall be 3/4 inch minimum. Maximum under downcomer clearances shall
be the weir height minus 0.25 inch. When the liquid rate is high, the under downcomer clearance may be
equal to the weir height.

(e) For clean and high liquid load service, inlet weirs can be adopted as shown in Fig. 3.3-9 ; the under
downcomer clearance can be larger than the weir height. Do not count the area upstream of the inlet weir
into the active area.

(f) Normally, the liquid velocity through the downcomer clearance shall be limited to give head loss of 1.6
inch-liquid or less.

Fig. 3.3-9 Dimensions Associated with Inlet Weir

—_ -

Downcomer

Inlet Weir

hc +0.5"
hey

he +1.5"
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3.3.4.3 Tray Opening
(1) Holediameters::
Hole diameters of sieve and dual flow trays shall be 6, 12, 25 or 39 mm as a standard.
Large holes may be used for large diameter towers and foul service, 12 mm holes are usually used.
(2) Hole area percents of sieve tray :
Hole area percentages to the bubbling (active) area shall be 5% minimum and 20% maximum, with 1% of
increment. Usually, the following hole area percents will be used :

- High pressure towers 5-8%
- Atmospheric towers 8 - 10%
- Vacuum towers : 10 - 15%

(3) Cap types:

Flexitray caps used as astandard are T, T-16& 18, T-14& 16, and A-14& 16.

Since Type A-14& 16 are of low cogt, they are most frequently adopted.
Type T are adequate for foul services. In cases where Type T-16& 18 are used, the pressure drop is
somewhat smaller than in cases where Type T-14& 16 are used. Type T shall be used for vacuum towers

where alowable pressure drop is limited at low value.
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3.4. Packings
3.4.1 Selection of Packings and I nternals

3.4.1.1 Selection of Packings
(1) Packings can be classified into three categories as follows :
Categories Available in market
(d) Random packing Flexiring or Pall ring, Flex Max, Intalox metal tower
packing (IMTP), Cascade mini-ring (CMR), K-pack
(b) Structured packing  Méllapak, Gempak, M C pack
(c) Grid packing Flexigrid, Glitsch grid
A brief comparison of the packingsis summarized in Table 3.4-1 to ease preliminary selection of packing.
(2) Final selection of packing and internals shall be decided based on economic evaluation and detailed study
on performances.

3.4.1.2 Selection of Distributor and Redistributor Type
(1) Reference is made to JGC design manua “ Distributor” (Japanese).
(2) Distributor selection criteriaare asfollows :
(8) Weir type distributors are desirable for the following reasons :
- High liquid distribution performance and wide turn down
- Broad applications
- Same type as redistributors can be used.
- Small space required
(b) Disadvantages of the weir type distributors are as follows.
- Instability at alow liquid rate.
- Difficult to handle liquid containing crystallized solids and high viscous liquid.
- Relatively large pressure drop (AP = 1 mmHg is indicated from actual operating data).
(3) Alternates of distributor type
(a) Spray nozzles shall be used for low liquid load services (under 1 - 5 m3/hr/m2 of tower cross sectional
area). Otherwise, the weir type distributor with short stand-pipes shall be used to compensate for the
liquid distribution instability. Such short stand-pipes whose top ends are notched, are fixed on every
holes.
(b) Branch pipe distributors, spray nozzles or trough type distributors shall be used to reduce the pressure
drop (1 mmHg or less)
(c) Trough type distributors shall be used where crystallization is possible.
(d) Branch pipe type distributors or spray nozzles shall be used where viscous liquid (10 cP or over) isto be
handled.
(4) For reference, the features of distributors are summarized in Table 3.4-2.
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Table3.4-1 Comparison of Packings

Category Random Packing Structured Packing Grid Packing
Packing Flexiring IMTP (Note-2) i CMR (Note-3) K-pac Mellapack Gempack MC Pack Flexigrid Glitsch grid
Supplier Koch Norton Dodwell Koch Sulzer Glitsch Mitsubishi Koch Glitsch
Capacity BASE (100%) 110% 120% 110 - 120% 150% 150% 150% 150 - 200% 150 - 200%
Efficiency BASE (100%) : 100 - 110% 100 - 110% 100 - 110% 100 - 140% 100 - 140% 100 - 140% 80% 80%
Pressure drop BASE (100%) 60% 50% 90% 20% 20% 20% 6% 6 - 10%
Max. bed height (mm) 3,000 8,000 9,000 7,000 H/D<8 6,000 NA 3,000 3,000
Surface area/ volume Low - Medium High Low
Liquid distribution Good, but affected by distributor Good Good, but affected by distributor
Fouling and Foaming Moderate Poor Good
Scale-up Good for (Packing size) / (Tower diameter) < 10 Good NA
Maintainability Good Poor Good
Cost / unit volume BASE (100%) 110% 130% 100% 200% : 200% 200% 150% ' 150%
Typical application General usefor distillation High purity distillation Cooling tower
Absorption \Vacuum distillation \Washing section of vacuum
Vacuum distillation
Remarks (Note-1)

NA = Not available

(Note-1) Same as Pallring (Norton)

(Note-2) IMTP : Intalox Metal Tower Packing
(Note-3) CMR : Cascade Mini-Ring
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Table 3.4-2 Special Features of Distributors

Weir Type Trough Type Pipe Branch Type Spray Nozzle
Fabrication costs Base Slightly low. Low Low to High, depending
on supplier
Stability at low liquid Unstable, if level not Unstable because of Theoretically stable, but ~ Stable

rate aligned. Provideshort  difficulty inlevel no design procedure to
notched-pipes at holes. alignment. distribute liquid equally.
Turn - down Large (over 2.0) Large (over 2.0) Small (?) Medium (approx. 2.0)
Effects of feeding on Little effect Little effect No effect No effect
liquid distribution
Fouling Inadequate for slurry Adequate for foul liquid  Inadequate for slurry or  Inadequate for Slurry or

liquid containing solid
particles

liquid containing solid
particles

Possibility of flooding Possibleto flood, if No possibility of No possibility of No possibility of
holes are blocked with flooding. flooding. flooding. (but massive
foreign matter entrainment will occur)
Lliquid distribution Generaly good. Generally good No design procedureto  Generally good.
distribute liquid equally.
Other Maters Redistributorsto beweir - Redistributorsto be - Redistributor to be
type. welr type. weir type.
- Feed liquid to be - Food liquid to be
pressurized. pressurized.

3.4.1.3 Selection of Packing Supports
(1) Thetypes of packing supports are as follows : (See Fig. 3.4-1)
(a) Perforated platetype (“A” inFig. 3.4-1):

Thistypeisthe simplest; open areais small and APislarge. Thissupport type is used with structured

packings because of its flat deck.
(b) Gridtype (“B” in Fig. 3.4-1):

Thistypeis most general and of high strength, consisting of slender plates arranged in a grid.

(c) Multi-beam gas injection type (“C” Fig. 3.4-1):

Plates with slots are assembled in atrapezoid beam form.  Thistype has alarge open area (approx. 85%)

and high strength.
(d) Gasinjection type (“D” in Fig. 3.4-1):

Thistype consists of aflat plate and risers with bore hole through which vapor is evenly distributed.

(2) Grid type shall usually be used for structured packings.

Multi-beam gas injection type and gas injection type can be used for random packings.

Fig. 3.4-1 Type of packing support

Multi-Beam Gas
Injection Type

Grid Type

Gas Injection Type
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4. RELATED DOCUMENTS

The following publications constitute a part of this standard practice. Unless otherwise specified, refer to the
latest edition. Applicable publications for the Project will be specified in each of the Project Specifications.

JGS (JGC Standard Practice)
Determination of Design Conditions

Basic Design of Drums

Practice of Detailed Design for V essels (Japanese)

JGS 210-120-1-18E
JGS 210-120-1-22E
JGS 220-210-1-01
JGS 332-210-6-01E
JGS 332-218-6-02E
JGS 332-218-6-03E
JGS 332-218-6-04E
JGS 332-218-6-05E
JGS 332-218-6-08E
JGS 332-218-6-18E
JGS 332-218-6-19E
JGS 332-218-6-21E
JGS 332-218-6-22E
JGS 332-218-6-23E
JGS 332-218-6-24E
JGS 332-218-6-25E
JGS 332-218-6-26E
JGS 332-218-6-27E
JGS 332-218-6-28E
JGS 332-218-6-29E
JGS 332-218-6-30E
JGS 332-218-6-31E
FORM 437
FORM 438

Standard Drawing - "
Standard Drawing - "
Standard Drawing - "
Standard Drawing - "
Standard Drawing - "
Standard Drawing - "
Standard Drawing - "
Standard Drawing - "
Standard Drawing - "
Standard Drawing - "
Standard Drawing - "
Standard Drawing - "
Standard Drawing - "
Standard Drawing - "
Standard Drawing - "
Standard Drawing - "
Standard Drawing - "
Standard Drawing - "
Standard Drawing - "
Skeleton of Vessdl

Skeleton of Vessdl

Tolerances for towers and drums’
Baffle for tower and vessel"
Vortex breakers Type"I" "
Vortex breakers Type "I1" "
Vortex breakers Type """
Allowable tolerances for installation of tray supports ™
Flash guide ( assembly type )"
Flash guide ( assembly type )"
Type'D1-1-1" distributor 1 passtray "
Type'D1-1-2" distributor 1 passtray "
Type'D1-2" distributor 1 passtray "
Type'D2-1" distributor 2 passtray "
Type'D2-2" distributor 2 passtray "
Type'D2-3-1" distributor 2 passtray "
Type'D2-3-2" distributor 2 passtray "
Type'D2-4" distributor 2 passtray "
Type'D2-5" distributor 2 pass tray "
Type'D4-1" distributor 4 passtray "
Type'D4-2" distributor 4 passtray "
(Datasheet for Vertical Vessel)
(Datasheet for Horizontal Vessel)

ASME (American Society of Mechanical Engineers)
Section VI, Division 1 Boiler and Pressure Vessel Code

ISHL (Industrial Safety and Health Law)
Notification 65 Construction Code for Boilers
Notification 66 Construction Code for Vessels

JIS (Japanese Industrial Standar ds)

B8210
B8270

Steam Boilers and Pressure Vessdls - Spring Loaded Safety Valves
Pressure Vessels (General Standard)
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5. DEFINITIONS

Design Rating : isthe margin for towers design.

Flow Rate - Normal : isthe normal flow rate or maximum flow rate among the normal flow rates(normal
maximum flow rate) defined in the process specifications, such asin the heat and material baance for the
process.

Flow Rate - Design : isthe flow rate of design base for sizing towers.

Flow Rate - Maximum : isthe flow rate with some extra margin added to normal flow rate, decided by plant
capacity or anticipated operation (start - up or shutdown)

Flow Rate - Minimum : isthe flow rate of lowest operating range of the process unit.

Turn down : isthe ratio of the minimum flow rate to the normal flow rate.

Operating Range : isthe range in which towers can be operated under satisfactory performance.

Entrainment : isthe small particle of liquid entrained in vapor stream.

Overall Tower (Tray) Efficiency : istheratio of idea stage number under idea liquid - vapor equilibrium to
the actual stage number.

Height equivalent to a theoretical plate (HETP) : is the packing height equivalent to one theoretical stage.

De - rating Factors: is the design margin of atray and a down comer predicted capacity.

6. REFERENCES

[1] F.J.Lockhart and C.W.Leggett, " New Fractionating Tray Design ", Advance in Petroleum Refinery and Chemistry,
1(1958)

[2] H.E.O'Connel, " Plate Efficiency of Fractionating Columns and Absorbers™, Trans. Am. Inst. Chem. Engrs., 42
p.741 (1946)

[3] H.G.Drikamer and J.R.Bradford " Overall Plate Efficiency of commercial hydrocarbon fractionting columns as a
function of viscosity " Trans. Am. Inst. Chem. Engrs., 38, p.319 (1943)

[4] Tray design manual

[5] FRI tray design manual

[6] Guide to estimation of tray efficiencies

[7] Vacuum flasher design manual

[8] Distributor design manual
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APPENDIX-1 SELECTION OF TRAYS

Al.1 General
(1) A brief description on tray selection is provided in this Appendix. The selection of trays and internals
shall be finalized based on economic evaluation, maintaining the performances within specification.
(2) Thetray types considered herein are asfollows :
- Bubble cap tray
- Flexitray
- Sievetray
- Dualflow tray
- Baffletray
- SUPERFRAC tray  : new tray
- NYE tray . hew tray
(3) Thetray types shown above, except SUPERFRAC and NY E trays, are compared under limited conditions.
Due to the comparison under limited conditions, final selection in individual cases may differ from those
herein.

Al1.2 Comparison of Tray Types

Al.2.1 Capacity

(2) Fig. A1.1 shows the capacity graphs of the trays with geometry givenin Table A1.1.

(2) Sincethe capacity and turn down ratio of the same tray vary depending on the operating conditions (vapor
liquid ratio), comparison at one point is of little significance.  In each individual case, it would be helpful
to trace afixed vapor-liquid ratioin Fig. A1.1.

(3) Generally, if the tray open area percent increases, the capacity will increase, and the pressure drop and
efficiency will decrease.

(4) Asshownin Fig. A1.1, the lower limit of the sieve trays is high, due to FRI's conservative calculation
method. Actualy, the lower limit can be lowered more than that.

Table Al1.1 Calculation Basis for Comparison of Tray Performance

Unit [Bubble-captray| Sievetray Flexitray Baffle tray Dualflow tray
Tower diameter Ft 4.0 I N N N
Tray space in 24 5 N N N
Pass number - 1 IR N Side - Side None
Downcomer width in 75 N . 12 None
Downcomer area% | % 10 N . 50 None
Weir height in 3.0 20 N None None
Downcomer in 15 N R None None
clearance
Tray opening Standard FRI |12 mm hole T-14& 16 G None 12 mm hole
cap Hole area % No. of cap Hole area %
35 caps = 5% = 48 =15%
=10% = 78 =20%
=15% =107 =25%
=20% =30%
Calculations are based on a design rating of 85%. Downcomer back-up and pressure drop are not considered as limitations.
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Fig. A1.1 Performances of Various Trays

Bubble-cap Tray Sieve Tray Flexi Tray Dualflow Tray Baffle Tray
5% Hole Area Cap. Dens. 5 15% Hole Area \\
P
/ -
—~—
I (r ~—_| / 50% Baffle Cut
10% Hole Area Cap. Dens. 8 20% Hole Area
— =
T~ o~
H
/ ~-
15% Hole Area Cap. Dens. 11 25% Hole Area
TG :\
1 > ~~J
(1) Foradltrays:

@)

©)

V-load

N W b~ O

Tower Diam. 1200 mme
Tray Space 600 mm

See also Table 3-1 for
detailed tray construction.

Scale of vapor and liquid
flow rateis as shown right.
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Al1.2.2 Pressure Drop

(1) Since pressure drops also depend on the tray construction, their comparison is also of little significance.
However, comparison of lowest attainable pressure drop may be useful for actual design. Table Al1.2
shows, as a guideline, the lowest attainable pressure drop in each tray type.

(2) The valuesin the table are based on aliquid density of 1,000 kg/m3, the lowest attainable pressure drops
become low in proportion to the decrease in the liquid density.

(3) The lowest attainable pressure drop of flexitraysislarger than in other types, because caps of flexitrays
cause about 1 mmHg of pressure drop in lifting themselves.

(4) Since the tower diameter will be increased about 20% to reduce only 0.2 mmHg pressure drop in critical
case, care must be taken in tray selection.
Table Al1.2 Lowest Attainable Pressure Drop

Lowest attainable
Tray pressure drop Remarks
(mmHg)
Bubble-cap tray 1.6 0" dot static sedl
Sievetray 16 1" weir height
11 0" weir height with sump pot
Flexitray 24 1" weir height, To

A1.2.3 Efficiency

(1) Fig. A1.2 showstray efficiencies of each tray type.

(2) Flexitrays have a high efficiency over awide range.

(3) For sievetrays, if the hole area percent is small, the efficiency will be high; for instance, sieve trays with
14% of hole areawill give approximately 80% of the maximum efficiency.

(4) Sincetray efficiencieswill vary remarkably, depending on the tray design, careful consideration must be
given in the tray design.

Fig. A1.2 Trays Efficiencies and Pressure Drops (FRI test data)

System : C6/C7 24psa
Tower diam. : 4 ft (*8ft)
Tray space 24in

120 T T T T

T T T T
Open area % of

column area 1001~ N
15 - —@—-— Bubblecap tray 9.6 ¢ 1
—O—— Fexitray 121 Py
—O—--— Sevetray 6.2 b
-moheemeees Dual flowtray 189 ))f 801 =
10 » -

60|

AP (mmHg / tray)
Efficiency (%)

(4]
I

401

20
0 05 1.0 15

2.0
F=V./D, (ft/secq/tb/ft®) F=V./D, (ft/secq/th/t)

25

& JGG GORPORATION



Page 54 of 64
STANDARD PRACTICE |CONFIDENTIAL JGS  210-120-1-21E

Al1.2.4 Fouling

(1) Dual flow trays are superior for foul services. Sievetrayswith large hole area percent come next.

(2) Flexitray are not superior in foul services. Do not apply to adhesive foul services.
Flexitray with T-type cap will be relatively better than the other cap types for foul services.

(3) Inlet weirs and downcomer sumps are not recommendable for foul services. Liquid velocities should be
increased when the flow rate is low or when some obstacles are provided in the liquid flow pass.

A1.2.5 Corrosion

(1) Flexitrays are inadequate for corrosive services.  Inthe worst case, the caps will be completely corroded
away.

(2) For corrosion protection, material selection isimportant rather than tray type selection.

A1.2.6 Maintainability

(1) To ease maintenance, bubble cap trays are somewhat inferior due to heavy weight and high cap height, and
consequent poor workability in the towers.

(2) Trayswith small spacing cannot provide good workability and may require a high construction cost. For
trays with manways, tray spacing of about 600 mm may be used.

A1.3 Selection of Tray Types
Tray selection can be classified into selection of downcomer type and selection of tray opening such as hole,
cap, dit and so on. Refer to para. A1.3.3 for downcomer type selection.

A1.3.1 New Installation

(1) Usual design:
First, sieve trays should be considered.  The turn down limit of sieve traysis 4/10 - 5/10.

(2) Wide operating range isdesired :
Flexitrays are recommendable. If they are unsatisfactory, bubble cap trays should be considered. Theturn
down limit is 2/10 - 3/10 for flexitrays and about 1/10 for bubble cap trays.

(3) Low pressure drop isdesired :
Sievetrays are effective. If their turn-down limits are unsatisfactory, bubble cap trays are available.
Flexitrays have little advantage.
Also, segmental or arc downcomers are recommendable ; the latter are effective, if liquid rateis high.

(4) Fouling service:
Dual flow trays are most desirable, next come sieve trays with large hole sizes.  Flexitrays and bubble cap
trays are not recommendabl e for fouling service or adhesive fouling service.

(5) Residencetime:
If short residence time on the tray is desired, dualflow trays stand first. Sieve trays without outlet weirs
come second, however, the residence time in the downcomers must be reduced to a minimum.
If long residencetimeis desired, bubble cap trays stand firgt, flexitrays come second and sieve trays come
third ; they should be used with high welirs.

A1.3.2 Madification of Existing Towers
() Increase in capacity :
If the capacity isto be increased without decreasing the efficiency, SUPERFRAC or NYE trays stand first.
Sieve trays with high hole area percent may be applicable. Dualflow trays are also available for the
purpose, athough the efficiency falls rapidly with decrease in the load.
(2) Increase in efficiency :
The following measures are applicable to increase tray efficiencies:
(a) Decrease the hole area percent
(b) Increase the weir height
These measures are intended to increase the vapor-liquid contact time or to cause turbulence in the vapor
flow near the holes to increase the materia transfer rate.  For sieve trays, sharp-edge holes or larger holes
will possibly increase the efficiency, but the effectivenessis unclear as far as FRI's datais concerned.

A1.3.3 Sdection of downcomer types
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(1) The following downcomers are effective in many cases :
Table A1.3 Selection of downcomer type

Ratio of Downcomer Area Downcomer Type
to Tower Area
Under 5% Arc or swept-back downcomer
5to 15% Segmental or relief downcomer
Over 15% Segmental downcomer

(2) For the following two purposes, the number of flow passes may be increased :
(@) Increasein the liquid flow rate
(b) Reduction in the pressure drop.
Thereis no criterion for the determination of tray pass numbers, but asthe tray cost increases 5 - 10% with
each one pass increase, the pass number is selected through cost comparison.
(3) Inany case, three (3) and more passes may not be used. Especialy 3 or 5 passes would cause unbal anced
vapor-liquid distribution.

Al.4 New Trays

Al4.1 MAX-FRAC Tray
MAX-FRAC tray is aproprietary design supplied by Koch Engineering Co., Inc. (USA).
(2) Application
Applicable for capacity up from existing conventional type of trays such as sieve tray, valve tray, etc.
(2) Advantages
- 510 20% higher capacity and almost the same efficiency and pressure drops, compared to conventional
valve trays.
- The existing support rings and bolt bars can be fully reused, therefore costs of modification tower itself is
very limited.
(3) Features
Animproved design of conventional valve tray;
- Utilizes area under downcomer using louvered floor plates.
- Splitting the vapor and liquid mixing area by louvered floor plates.
- Louvered floor plates are protecting vapor by passing up the downcomer.
- The valves | ocated under the downcomer are all T type with a cover welded on top of the cap holddowns.
Thefirst two rows of capsfrom the inlet are also with welded covers. These welded covers protect any
effects of liquid flow through the louvered floor plates. (Refer to Fig-A.1.4.1)

Table A1.4.1 Actua Record of MAX-FRAC TRAY

DIAMETER NO. OF PASS SERVICE
3353 MM 2 & 3 PASS EXTRACT COLUMN
2591 MM 1& 2PASS FINISHING COLUMN
2100 MM 1 PASS ISOLENE STABILIZER
3000 MM 2 PASS ISOLENE STABILIZER
1100 MM 1 PASS DEETHANIZER
1000 MM 1 PASS DEPROPANIZER
1200 MM 1 PASS DEPROPANIZER
6200 MM 4 PASS TOPPER
6600 MM 4 PASS TOPPER
2440 MM 3 PASS EXTRACTIVE STRIPPER
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Fig.A.1.41 MAX FRACTRAY

DOWNCOMER
PLATE
—>LIQUID
----- > VAPOR
LOUVER
EE—
SEAL PLATE x VALVE CAP
_ WITH WELD HAT
R MR\ ll{,?a'r' NP A supPORT Lo - T
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Al4.2 SUPERFRAC Tray
SUPERFRAC tray isaproprietary design supplied by Glitsch, Inc. (USA).
(1) Application
Applicable for capacity up of existing tower, and effective in high pressure service or high liquid load
service.
(2) Advantages
20 to 30 % higher capacity and almost the same efficiency, compared to conventional valve trays.
(3) Features
An improved design of conventional Ballast tray ; Fig.A142 SUPERFRAC Tray
- distributing Mini valves, half diameter of Ballast
valve, on the tray densely to obtain high opening
area,
- elevating downcomer outlet from tray floor to
provide larger active area,
- providing vapor flow into the liquid region 4
(

descending from the raised downcomer outlet to
increase vapor-liquid contact.
Refer to Fig. A1.4.2.
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TableAl.4 Actua Record of SUPERFRAC Tray

Delivery | Location Tower Name Diameter Quantity
Y ear of Trays
1991 |[Thai CRUDE TWR. BTM P/A 3,350 mm 3
1991 |Singapore [CRUDE TWR. LN/HN 2,600 mm 15
1991 |Singapore [STABILIZER 1,200/2,000 mm | 16/16
1991 |Japan ADIP REGENERATOR 1,100 mm 16
1991 |Japan FCCU GASOLINE RERUN 1,500 mm 11
1991 |Japan NAPHTHA STABILIZER 2,200 mm 15
1992  |Japan SCOT QUENCHER & ABSORBER 1,600 mm 5
1,300 mm 9
1992 |Japan SCOT QUENCHER & ABSORBER 1,500 mm 6
1,400 mm 11

1992 |Japan PREFRACTIONATOR 2,134 mm 8
1992 |Japan TOPPER MID P/A 6,300 mm 2
1992 [Japan TOPPER STRIPPER 1,300 mm 4
1993 [Japan RECYCLE GAS SCRUBBER 2,290 mm 21
1993  |Japan FCCU PRIMARY ABSORBER 1,400 mm 35
1993  |Japan FCCU DEBUTANIZER 1,675 mm 16
1993 [Japan N - STABILIZER 2,100 mm 16

A143NYE Tray

NYE tray isaproprietary design supplied by Glitsch, Inc. (USA).

(1) Application Fig. A1.43 NYETray

Applicable for capacity up of existing tower or new tower, and
effective in high pressure service or high liquid load service.
(2) Advantages
10 to 20 % higher capacity and amost same efficiency,
compared to conventional valve trays.
(3) Features
An improved design of conventional valve or sievetray ;
- elevating downcomer outlet from tray floor to provide larger
opening area,
- providing vapor flow from active inlet area below the
downcomer to increase vapor-liquid disengagement.
Refer to Fig. A1.4.3.
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TableA1l5 NYE Tray References

Delivery | Location Tower Name Diameter Quantity
Y ear of Trays
1988 DIB 8 -6" 60
1989 DIB 8 -6" 20
1988 DIB 18"-6" 80
1989 DE - C2 (TOP) 9-6" 25
1989 P-PSPLITTER 117-6" 128
1989 P-PSPLITTER 1T-6" 112
1990 BUTAMER STABILIZER 7-6"7T1T-6" 30
1990 DIB 12707 70
1990 DIB 187-6" 80
1991 DIB 107-07 110
1991 PENTANE STRIPPER 10°-0" 34
1991 PENTANE STRIPPER 10°-07 60
1991 DIB 9-6" 66
1991 DIB 10°-07 66
1991 DIB 18"-6" 90
1991 BUTAMER STABILIZER 13-07 40
1991 ALKYLATE SPLITTER 5-0" 20
1992 NAPHTHA STABILIZER 3-3 17
1992 DEETHANIZER 8-0"713-0" a1
1992 DEPROPANIZER 9-0" 40
1992 DEBUTANIZER 9-0"/1T-0" 56
1992 REFORMATE STABILIZER 5-0" a4
1991 PUMP AROUND (AT) 117-07 1
1991 PUMP AROUND (ACT) 16"-07 6
1992 PUMP AROUND (FCC) 4,700 mm 3
1993  |Japan DEMETHANIZER 1,900 mm 4
1993 |Japan DEETHANIZER 2,350 mm 14
1993 |Japan FCC DEPROPANIZER 1,900 mm 14
1994 |Japan FCC DEBUTANIZER 2,000 mm 12
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APPENDIX-2 SKELETON OF TOWER
Skeletons of towers shall basically be prepared as follows :
(1) Generd :
(a) Skeletons shall be nearly to scale.
(b) Skeletons shall not include insignificant values and data.
(c) Nozzles shall be identified by alphabetica (capital) letters, excepting the letters"I" and "O".
(2) Nozzles:
(a) Nozzles shall be entered on the skeleton in the following order :
Main nozzles ( shown on the process flow sheet ) shall be shown in order from top to bottom.
Then, vents, manholes and L C nozzles shall be shown.
(b) The bottom nozzle shall be one in number.
(c) Numbers of nozzle shall be shown in the number column of the skeleton of vessdl.
(3) Trays:
(a) Thetrays and tray numbers to be shown shall be asfollows :
- Top tray
- Feed tray
- Bottom tray
- Trays where the pass number and/or geometry are/is to be changed.
- Collector trays and distributor trays
- Trays where the manhole is to be provided
(b) The tray pass number and downcomer location (side downcomer (right or left) or center downcomer)
shall be checked and shown.
(4) Manholes:
(8) Provision and locations (tray numbers) of manholes shall be decided by the process engineer. For the
procedure, see para. 8.5.1 hereof.
(b) Detailed dimensions, such as elevation of manhole need not be shown if no problem is expected from
the process standpoint.
(5) LC-LG:
(a) Normal liquid levels shall be shown.
(b) LC control ranges shall be shown in length.
(c¢) LC - LG nozzle to nozzle distances need not be shown if no problem is expected.
(6) Miscdllaneous::
(a) Dimensions of the cone section where the tower diameter isto be changed, shall be determined in
accordance with para.8.2.3 hereof.
(b) Tower dimensions shall be shown on the right side of tower drawings.
(c) Thefollowing shall be shown in the note column or on the skeletons::
- Tray : Cap type, pass number, weir height, etc.
- Liquid : Bottom liquid density, residence time, €etc.
- Packing : Sizes, bulk density, type, material, etc.
(d) Both design temperatures and operating temperatures shall be shown on the side portion of the drawings
if they are to be different in each section of the same tower.
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A3.1 Skeleton of Trayed Tower
SIZE _ 3,300¢ x 30,700L QUANTITY 1
CONDFE
SPEC.
DISTRIBUTOR DESIGN 3.5/HALF V ka/cm’G 155/120 °C
® D2-2 0 OPERATING 11 ka/cm” G 123 °C
SHOP HYDROSTATIC TEST kgl
/R JGS332-218-6-25 RADIOGRAPH .
@ ‘: #66 g g STRESS RELIEVE EFF. %
— — —C—— TOTAL | CORRO.
#61 TH'K | ALLOW. | MATERIALS
#611.1 mm mm
— B DOWNDOMER HEADS 10 CS
TYPE
LIQUID SHELL 1.0 CS
PHASE INSULATION oooooooo
LINING
Q SADDLE
N SUPPORT
] WIRE MESH PAD
OI(ID
X
X
8 TRAY SPACING 380
0 TRAY TYPE FLEXITRAY
® GAUGE GLASS SZE oY
RELIEF VALVE
8 ACCESSORIFES APPI IFD RY FARRICATOR
~ LADDER & PLATFORM CLIPS _ YES
] INSULATION CLIPS YES
SEE DAVIT SUPPORT YES
DETAI L\ TRAY SUPPORT RINGS YES
\#18 NO771 FS& MANHOI ES
@ ::_| 'Ej @ § MARK | No. | SIZE F;;}I;'.':,%’ SERVICE
@ = A 1 8B 150#RF_|FEED
o B 1 20B 150#RF_|VAPOR OUT
FEED o C 1 6B 150# RF_|REFLUX IN
VAPOR R D T 88 | 150¢RF |BOTTOM OUT
PHASE #3 9 Er, | 2 | 10B | 150#RF_|TO REBOILER
#3 H VAPOR X Fio | 2 20B_ | 150#RF Eléom REBOILER
PHASE & Fi, [ 2 | 28 | I50¢RF [LC
A @éé Gia | 3 | 1B | I50#RF [TI
L J 1 2B 150# RF_|STEAM OUT
H O @ o K 1 2B 150# RF_|[VENT
@ N SEE K
M DETAIL o Mz | 3 208 | 150# RF_|[MAN HOLE
V3 V
-
A\ o
128 S Thickness given for heads are minimum.
@-. :@ ) Elliptical heads: 2 to 1 ratio.
Field test : gauge at juncture of bottom head and shell.
NOTE Corrosion allowances and total thicknesses include
LIO. SP. Gr. = 0.73 any cladding or applied aloy lining.
Wind Wh
Seismic Factor ere governs
JOB CODE I:I_ _I:I_I:I _ / REV. DATE PREP'D CHK'D APPD
: o | DpEC.17,'98
UNIT PCROOOOOO
NAME OF VESSEL_C7L NO. 1 SPLITTER
ITEM No. TW-401

& JGG GORPORATION



Page 61 of 64

STANDARD PRACTICE |CONFIDENTIAL | JGS  210-120-1-21E

Skeleton of Tower (continued) -- Detail of Internals --

T~ T~
TW - 401 . N~
| 1]
yo A B Al g

&4# % 2,400 ﬁ

2 6 " 4 AS
g g Down Flow Distributor
o B Liquid Pipe /77
g Ve 108 o
v — Feed [‘ \‘ i [
o Nozzle Inlet Weir 8
g []] e —= —
™
| gﬁ |
— o
~ A~ ~ A
Vapor Flow Hole

Equal Feed Pipe Area

A-A T 1T \§5° 45
Yo}
™ Q 10B Pipe
_Liquid Flow
460 16mm x 2,000mm
o 7@
Lo

Down Flow
Liquid Pipe
B-B %:

o

Inlet Weir

2,100
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A3.2 Skeleton of Packing Tower

3,3501.D
8230x  37,354H
size 11,300

QUANTITY

SKELETON OF VESSEL

CONDFG
SPEC.
DESIGN ka/cm?
OPERATING ka/cm?
SHOP HYDROSTATIC TEST
RADIOGRAPH

STRESS RELIEVE

°C
°C
kg/lcm

EFF. %

TOTAL
TH'K

mm

CORRO.
ALLOW.

mm

MATERIAL
<

HEADS

1

ost|

®

wr] S
o5 L =

et |

gé@ ®

O

%601

M2

® e

:

TYPE
SHELL
INSULATION
LINING
SADDLE
SUPPORT

%gj%m

HVGO

O

©E@

®

L
X
X

o

VHGO

©®

vSeLe

Jos]

TRAY SPACING
TRAY TYPE
GAUGE GLASS
RELIEFVALVE
PACKING CMR SUS316

ACCFSSORIFS APPI IFND RY FARRICATOR
LADDER & PLATFORM CLIPS
INSULATION CLIPS

SIZE Q1Y

o] 5

; éﬁ oot |

il
H
|

© ®

0044
74
<
o

TL

0ET9
@

3350

TRIPPE)

DAVIT SUPPORT
TRAY SUPPORT RINGS

NO771 FSR& MANHOI FS
RATING/

MARK | No. SIZE EACING SERVICE
Air 5 L1Q. DISTRIBUTOR
As 1 TROUGH LIQ. DIS.

Bir 6 HOLD DOWN

Cip 6 PACKING SUPPORTS

Diu 4 LIQ. COLLECTORS
E 1 VAP. DISTRIBUTOR
F 1 FEED

Mip | 7 MANHOLE

—oO M7

i
¢

NOTE

LIQ.SP. Gr. =

Thickness given for heads are minimum.

Elliptical heads: 2 to 1 ratio.

Field test : gauge at juncture of bottom head and shell.
Corrosion alowances and total thicknessesinclude
any cladding or applied aloy lining.

Wind

L Where governs
Seismic Factor } 9

JOB CODE I:I__I:I_I:I_

REV.

DATE PREP'D CHK'D APP'D

UNIT VACUUM DISTILLATION
NAME OF VESSEL VACUUM TOWER
ITEM No. 03C101
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APPENDIX-4 PRELIMINARY SIZING (FLEXITRAY TOWER)

Chart Fig. a1 provides a quick approximation only of column diameter and should be verified by a detailed

design before the column diameter is finalized.

The stepsfor using Fig. A-1 are asfollows:

(1) Determine the vapor rate in actual cubic feet-per-second (ACFS), the liquid rate in gallons-per-minute
(GPM), the vapor and liquid densitiesin pounds-per-cubi foot, all at actual tower operating conditions of
temperature and pressure.  Then decide on the tray spacing to be used.

(2) Cdlculate the square root factor,

Where: d, = vapor density, |bs./ft>.
d = liquid density, Ibs/ft’.
(3) Calculate the vapor loading factor,

d,
dI - dv
(4) Correct the vapor loading factor and liquid rate by dividing by the tray space factor (Table A.4) and system

factor (Table 3.3.3.1).
ACFS / dy
dI - dv

(Tray space factor) (System factor)

Vv

ACFS

Corrected vapor load factor =

GPM
(Tray space factor) (System factor)

Corrected liquid rate =

(5) Plot the corrected vapor |oading factor and corrected liquid rate on Chart Fig. A-1.

(6) Read the minimum diameter from Chart Fig. A-1 noting that in many cases the minimum diameter will
depend on the number of liquid flow passes per tray.

After preliminary diameter, number of liquid passes and tray spacing have been established, adetailed tray

design is made and then checked against the capacity correlation.
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Fig. A-1 FLEXITRAY TOWER SIZING

o
KOCH FLEXITRAY RATINGS
FOR ESTIMATING ONLY

DESIGN RATES FOR LIGHT OIL FRACTIONATORS (NONFOAMING)
AND SIMILAR TOWERS AT 24" EFFECTIVE TRAY SPACE.

FOR OTHER SYSTEMS AND TRAY SPACING. SEE DESIGN MANUAL.
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