How to design |ping
for reboiler systems

Interactions between hydraulic requirements and piping configurations
require close attention to many fluid and mechanical details, in order
to obtain the most efficient and economical distillation units.

Robert Kern, Hoifmann- La Roche Inc.

0 Familiarity with graphic piping design is an essen-
tial requirement for the designer of hydraulic systems.
The accuracy of his calculations, predictions of flowrate
and pressure differential, rediability oCoperation, and
the economy of capital, energy, maintenance and oper-
ating costs depend to a great extent on pipeconfigura-
tions and pipe components:

In these articles, we haverecognized. the importance
of graphic piping design, and to a limited degree have
presented its fundamentals. We will now. evaluate the
flow systems and piping design for a distillation col-

ual systems discussed in our earlier articles. « .

Layout for distillation columns

A process flow diagram of a typical distillation col-
umn with bottom pump, thermosyphon teboiler, over-
head condenser, reflux'drum and reflux. pump are

umn, which is a more integrated unit thantheindivid-

after the lines leavetheir vertical run, are governed by
the elevations of the main pipe rack. Lines that run
__directly to equipment- at grade (more or less in the
.direction of the main pipe rack) often have the same
- eleyation as the pipe bank.
Lines from tower nozzles below the pipe rack should
appxoach the pipe bank roughly 2 ft below the pipe-
. rack elevation. The same elevation is usedfor those lines
that run to pumps located below the pipe rack.
- * Pump-suction lines can also be arranged on this ele-
~~vation. They should be as short as possible and run
without loops or pockets. Pipelines, droppingJrom
- above the pipe-rack elevation, will approach the pipe

%" bank roughly 2 ft higher than the elevation of the

main pipe-bank. Thiselevation is also used for steam
lines to reboilers. These steam lines usually connect to

the top of the headers to avoid excessive condensate .
drainage toward process equipment.

shown in Fig. 1(F/1). The equipment components ar €. T heplan view (F/ 1) of the tower shows the segments' '

- located adjacentto each-other inthe actual plant. Also
=2 in FIl, wefind elevation andplan drawirigsfor the
<% .column. These show how the principal eelll.ents of a

- distillation column are usually integrated into an over-

accessaisles at housedmstallanons) Eachmarhole has
" aplatform for maintenance.Valves and instruments are'
+ located above these pfatforms for convement access.
“'immediatelyupon leavmg the tower nozzle, and run -
parallel, and as close as possble to.the tower.lltself A
for 'the

e

' all plant arrangement. Manholes face access roads (or |1

-its circumference allotted-to-piping, nozzles, man-
«Holes, platfonn brackets and ladders, Such a pattern»

u 'I platform—bracket spacmg, and’ the orientatiOl | of
brackets lined | up along theentire length of the tower,
“his will ‘minimize interferences between the piping

between platforms: should not be longer than 30 ft.

sides of the manholes. Lmes approachmg the pipe rack - -
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and structural members. According to OSHA , ladders -

i Area’ segments- for piping going -to equipment ‘at -
grade are available between the ladders and: -on both
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‘ to that of a refluxpUlnpsystem. A bottom pump trans-:

“stubbundles inserted: directly: into" the hqu'd space
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can turn left or right, depending on the'plant's overall
arrangement.

On a distillation column, the largest lines are the: {.
overhead vapor line, and the reboiler downcomer and |+
return. These lines should have the.simplest and most -
direct configurations, to ininimize pressure loss and cost: |

During normal operation, the pump in Fig. 1trans- - |
ports liquid at equilibrium. This means that the distil- " -
lation.column and reflux drum are elevated-to satisfy

NPSH (net positive suction head) requirements. The
discharge lines often have two destinations. Total-head

requirements should be designed and calcul ated so that

operating pointsfal onthe pump's head-capacity curve
then pu%nppl ng to an alterﬁatlvpe destlnat?gn A)1terna-.

tive discharge lines can have equal capacity and alter-

native operation,orpartial capacity with simultaneous.
operation. All alternatives. should be. mvestlgated for
the process pumps.

.. The design for a pumped reboﬂer circuit is sumla

“portsthe liquid through an exchanger-or fired heater

~-andTeturns itto the distillation column: Closeattention.;
“should be paid to.possible.two-phasefiow’ .in pi pelines
~coming after theheater-especiallywhenwe want to

locatethe. heater closetothe column. -

a(gcr~d1ametcr towers can have one to four: U-tube

- Manholes -+-

facing road - - Lineswith both ends higher
\,
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Piping the distillation column requires economy, - €§

By

| boiler.int
""and flows-back to-the .tower()r drum..

._Inserted-type reboilers. haven.O. pfdcéss plpmgi

ease of support and accessibility for goad design.’

throughtower nozzles, and extending across the tower -

diameter. Reboilers with small heat duties are usually = B

designed as.helical coils.

Reboll- 1y arrangements

I'n horizontal thermosyphon reboilers, liquid flows'._;
from an elevated drum.-or-tower bottom or tower- -
trapout.boot through a do.W'ncomer pipe.to, the bottom .
of exchanger shell. The I|qU|d is heated,. leaves the re-
‘the return piping as a vapor';liquidmixture, -

In vertical' reboilets, heating usually occurs on the .

shellside; In horizontal reboilers,beating is on the tube- - =

sde. Fora Iarge evaporation rate (for example, 90% of
total flow), a kettle-typc teboiler is used. 3
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reboiler-inlet nozzles, as well as between the reboiler
outlet and return connection on the tower, are preferred
in order to have equal flow in the reboiler circuit. A
nonsymmetrical piping configuration may also be ac-
cepted for a more-economical or more-flexible piping
- design.

Réboilers often have two outlets and two paraIIeI
pipe segments. When sizing and arranging nonsym-
metrical piping; an attempt should be made to equalize
the resistancethrough both legs of the reboiler piping.
More resistance in one leg produces a smaller flow than
in the other. Hence, uneven heat distribution will occur
in the reboiler-one segment of the riser will be hotter
than the other.

At startup inreboilers having high, liquid drawoff
nozzles, a gravity-flow bypass is usually provided from
the tower's liquid space. to a low point of the down-
comer.

Valves are rarely included in reboiler piping, except
when a standby reboiler is provided, or when two or
three reboilers are used and operated at an extremely
wide heat-capacity range. Some companies require line
blinds to blank off the tower nozzles during shutdown,
turnaround and maintenance.

The heating media (steam or a hot process stream)
connect to the tubeside of horizontal reboilers. Theinlet
piping usually has a temperature-regulated control
valve (with block valves and bypass globe valve, if
required). Thisis normally arranged at grade near the
reboiler's tubeside inlet.

Reboiler elevations

Most reboilers are at grade next to the tower; with
centerline elevations of about 3 to 5.5 ft above ground
level for exchangers about 1 to 3ft dia. Exchangers
at grade provide economical arrangements-valves.and

-instruments are accessible, tube-bundle handling is

convenient, and maintenance is easy. In this arrange-
ment, the static heads are well determined between the
exchanger's centerline and the drawoff and.return noz-

zles on the tower. Vertical reboilers are usually sup-

ported on the distillation column itself.

Some reboilers have a condensate or: quuid’-holding.

pot located afterthe tubeside outlet,as shown in F/2;
Irisuch cases, the centerline elevation of the reboiler
is.somewhat higher than units that do not havethese
control vessels.

The arrangement in F12ais a high- capamty steam
trap. The top of the condenser pot should not behigher
.than the bottom of the exchanger shell, to'avoidflood-.

mgthe tubes with condensate and adversely’ aﬂ"ectmg ‘

“the exchanger's heat-transfer duty.

- The arrangement in F/2b maintains a requwed .
~.>condensate leve. in the reboiler,to providefor a wide e
~ range of heat-transfer control. Process conditions-deter- o
- mife the precise relationship between the. exchangcr"

and ‘the vertical condensate-control .pot: 7
<In F/3, we show an example’ whe' A ret)oder ha
been elevated to meet the NPSH rcqu]rement ‘of th

= centrifugal pump..The elevated reboiler; inturn, ralséS i'
. the tower the mmunulU - liquid- level .in: the -
.- bottom-of the' tower must be higher than the liquid

~levelinthe exchanger The elevanon dlﬁerence (dixx

Maximum
liquid level'

X 1
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I
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a. Bottom of reboiler should be elevated just above top of
condensate pot.
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b. Condensate pot regulates liquid level in exchanger tubes.
Physical relationship . between liquid level in condensate pot
- and required liquid level in exchanger tubes is important,

Steamn =4 Condensate

Process conditions determine equipment elevations,

T

7 Distillation
L column; :
- Minimum .

;7 liquid level:
¥ . 5

4
A Hy

Required elevation™"

difference between.
. -liquid-ievel in tower
-+ and-exchanger :

-in rebonler elevates mlmmum hquxd level in: tower

Rebo:ler raused to meet pump s NSPH requlrement @
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- Reboilers having natural circulation rely on the difference in static head between the downcomer and riser. @

sion H1in F/3) provides the positi\)e stati¢ head for
flow inthereboiler circuit, and overcomes friction losses
in the exchanger, and downcomer and return lines. -

Desqunq the re00|Ier system'

Dblslull JSYydrCiLr

- Typica rebmlerarrangementsare shown
“ically in F/4. In all cases; the vessel:pressure is the
*-same at the tower's outlet and return nozzles. Circu
~lation is forced by the static-head differen.ce betwee:
. the liquid column inthe downcomerandthevap()
liquid column in the risér. For convenierice, reference
 lines are chosen at theexchanger's centerllne for hor
‘zontaL reboilers, and at thebottofﬂ tubesheet for vert
~ cal'reboilers. .

CIE Py s liquid,

the' downcor‘ncr at the:

“where::

“ referenceline, and P, isbackpressurein theriser'svapor-

liquid column; the pressureclifference (AP ='P; — P,)

_must overcome the exchanger and piping frictionlosses. = .- <
Therefore, p1must be greater than P>- If Plisthe hot . =+

iquid densityi n the downcomer; then P H,/144 = P,,

~psi. Thebackpressure, P,, can have. two aternative ‘
expressions: :

1 For horlzontal exchangers (see F/4a and F/4c)
= p,H, 144, psi e

o100
% Liguid

% ’Vapé‘r @, L -
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2. For vertical exchangers (see F/4b and F/4d):
P, = (pzHz + P3H3)/144, ps (3

where pz is again the mixture's density, as expressed
by Eq. (2) for horizontal exchangers, and P3 is the
average density of liquid and liquid-vapor mixture in
the reboiler:

p3 = (py + P2)/2 @

Eq. (4) provides a conservative estimate of the density
gradient in vertical reboilers. Actual density will be less
than that expressed by Eq..(4). In al equations, the
units for pare 1b/ft3, and for H, ft. We also note that
the vertical reboiler should be flooded. The maximum
elevation of the top tubesheet should not be higher than
the minimum liquid level in the tower.

Hydraulics in horizontal reboilers ..

In the following discussion, the hydraulic conditions
only in horizontal exchangers will ke developed. (The
derivations are the same for vertical exchangers, except
that Pz will replace Pz) For horizontal exchangers:

Pl - P, —AP = (U/144)(P|H| - pzHz) ®)

| fa safety factor of 2isintroduced, then the available
pressure difference for friction losses is halved, and:

= (V288)(P|H, - pzHz). (6)

The quantity (H, — Hz) is usually 3 ft (seeF14a).
Consequently, a minimum driving force of AF,;,
(3/288)PI ~ O.0IP is always availableat'horizontal

. exchangers.

"~ The maximum possible driving force depends on the
elevation difference between the drawoff nozzle and
exchanger centerline (dimension HI) and on the total
evaporation taking place in the reboiler. Neglecting the
vapor-column backpressure in thereturn line,themax-
imum usable driving force is

AP, = (H/288), (D)
In most applications, the actual driving force is not

much below this maximum. HI can range from 6 to
24 ft, depending on the size of the arrangement and

on NPSH for a pump taking suction at the bottom of |

“the tower. For these HI' values:
AP .. = (6/288)P, to(24/288)PI

AP, = 0.02PI to 0.08PI

Thus, the driving force is reduced to a function of
the downcomer liquid density at operating!elllpera-

~ture. Forexample,if the piping geometry ‘produces |

' Hy =12ft, and PI = 50.Ib/ft* for kerosene:
AP, = (12/288)50 = 5 o psi

" estimated. The available dr|V|ngforce will be near but
. less tha '.}P :

E mm:

- value taken at tota evaporatlOn, Inreboilers., partial
- evaporatlon Usually takes place which WI|| reduce

useful when ,,__evap--

: or;t’f&?‘fé?épﬁse F\%?Imr‘?sa‘ﬂg line sizes. ha{vhgto be

evaluatled here 15, of course, gan extreme
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Shaded part of chart establish'es size of downcomer.

at the maximum value, any inaccuracy iswell compen-

sated for by the safety factor of 2, and by the necessity
to usecommercially available pipe sizes that are nor-
mally larger than calculated pipe diameters;

Friction losses in reboilers
The total friction losses in a thermal-circulating re-

" boiler system must be smaller thanthe availabledriving

°°T‘0Fg 01d|n P

+ force. The pressure loss caused by friction takes place

intwo main locations: in the exchanger itself, Ap,, and

|n the piping, Ap,. Hence:

Ap, + bp, < AP

Fr|ct|on losses in reboilers, Ap,, are generally given
as 0.25 to 0:5 ps. (A note shouldindicate whether
gntrance and Eélt losses are |fncluded) %Jnlt s%% *n

owncomers an- nsers are 10 'racttons o S0V

Cal<;ulationprocedures for liquid lines have been
outlined in Part20fthis series, Chern. Eng., Jan. 6,1975,

-:';jg:pp' +115-120 (Example 1); and for the two-phase flow

risers in Part 8, June 23 1975.pp. 145-151 (Exam-

v ‘;ffple 1). We. calculate reboiler returns-as dispersed flow,
e regardless of the mtersectwn of the Baker parameters

)d error les .
I calculatlons, a sem,non

“.chart-for reb01ler pipe size.is presented in F/5. This

- chart jsbased on limiting velocities for flow in down-
-comers of 2 to 7. ft/s. We enter the graph with known

liquid-flow quantmes We obtain downcomer pipe sizes
from the shaded portion of the graph, andalsofirid

-the carra&“pardmg flow velocities for computing the .

/__...A_




Reynolds numbers. The riser can be assumed as one
or two sizes larger than the downcomer pipe.

. Invertical reboiler circuits, reboiler losses are greater,
and pipe losses smaller, than in horizontal circuits. In
this case, a safety factor of 1.25 applied to the driving
force can be used. In kettle-type reboilers, evaporation

rates are high. For these reboilers, a large-diameter re-..

turn line is usually necessary.

Elevation of the drawoff nozzle

The minimum elevation, H,, for the downcomer
tower nozzle above that for the centerline of the hori-
zontal reboiler may be found from Eq. (6), where
H, =HI - 3 ft

HI = 288Ap - 3pP2 ©)]
Pl - P2

The downcomer nozzle cannot be lower than HI. Ap
replaces AP in Eq. (6), andis the sum of the down-
comer, riser and exchanger friction-losses:

Ap =8py +4p, + Lp,

Thevalue of H, is useful when elevation adjustments
are made to vessdl heights duringgraphic piping design,
or when the vessel can be located at a minimum eleva-
tion. The coefficient for P2 in Eq. (9) is the elevation
difference between the downcomer and riser nozzles. |f
thisis other than 3 ft, the correct dimension should be
inserted. .

Many towers have a bottom drawoff pump. NPSH
requirements usually, cause the process vessel and the
reboiler. drawoff nozzle to be raised higher than that
of the reboiler's minimum elevation. This increases the
static head in the vertical legs, and also the driving
force in the circuit. With increased tower height, itis
worthwhile to check the reboiler circuit for a possible
reduction in size of the liquid and return lines-
'espeGialy where large-diameter lines are necessary.,Un-

~economical reboiler lines arejust carelessly oversized or
poorly routed.

Example demonstrates calculations

Let us size thereboiler lines for the kerosene distli,l-‘.

lation unit, as sketched in F/6. Flow data are:

Downcomer Riser,
Liquid Liquid Vapor
Flowrate, ¥; Ib/h 85,000 59,500 '25,500
< -« Density (hot),. p, Jo/ft3 36.7 36 131 .
. Viscosity, g, cp 0.6 05 001
... Molecular weight,M s B3

The flow data for the riser“r'eflect that 70% 6f totél’l

"ﬂow is I|qU|d and 30% vapor. We obtaln the vapor g

’ densny py> in theriser from: :
w Pv= MP/IO 72Tz

:" subsntutmg in Eq (2)

100
(70/36) + (30/1 31)

4 05 1b/ft3' :

~We. ﬁﬁd the .mixture denmty,"? ,pz', in the rlser by »

. dcta

112

And, we calculate volume flowrate, * Q, from:

Q= W/500S
Q= 85,000/500(36.7/62.37) = 289 gpm

We will begin by sizing the downcomer and then
,calculate the overall pressure loss in it. We follow up
with similar computations for the riser-remembering
that the line has vapor/liquid flow. The simplest part
of this analysis is finding the preliminary size of the
reboiler lines. The computations for checking whether
these line sizes are adequate require considerable detail.
We should also note that the reboiler hes two inlets and
two outlets (F/6). Consequently, we find full flow
(100%) in each line from the column to the "tee" con-
nection on the reboiler's inlet and outlet piping; but
only 50% of total flow in each line segment after the
tee. In the following procedures, we will see how this
flow arrangement affects our design calculations.

Downcomer-For a liquid flow of 289 gpm, we find
the pipe size for the downcomer as 6 in from the selec-
tion chart of F/5. (For a 6-in, Schedule 40 pipe,
ID. =5761 in, d®> = 6,346 in%,)

In order to calculatethe unit loss for the 100% flow
section, we must calculate the Reynolds number from:

Re = 50-6(Q/d)(p/u)

- 289 -
- = 50.6 36.7) — i55 300
NRe (5761)( 06 ) '

For this Reynolds number, we obtain the friction
factor, f; as 0.0182 from the chart in Part 8 of this series
(Chern. Eng., June 23, 1975, p. 147), and calculate the
unit loss from:

Apygo = 0.02167p,(Q%/d%)
Apygo = 0.0216(0.0182)(36.7)[(289)2/6,346]
Apyo =0.19 psi/lOO ft

We can then find-the unit loss at 50% flow:
* Ny, = 0.5(155,300) = 77,650;.f = 0.022
Aﬁmo (50%),, — 0.19 (', 1. 5)2( O 022 )

Ap100(50%) =0.0574 psi/100 ft

. We now determine the equivalent length of pipe and

fittingsfor each segment from tables: in Part 2 of this
series (ChemEng., Jan. 6,1975, pp. 115=120), as follows:

.+ Segment for Segment for

., 50% Flow, : 100% Flow,
: R N Ft
- ' Ac,tuallength 6 26
: - ,Entrance loss w18
.Elbows™ - 10 20
Sharp tee <230 o —
Exit loss 36 —
Total - 82 64

»*One elbow for 50% flow segment 2 for 100% ﬂow Lol

: vaerall pressure loss of the downcomer-

AP=0. 19(64/100) + 0.057(82/100) = 0. 167 | psi. |

‘ "Sec Part 1 of this sens, Clmn Eng, Dec. 23, 1974 pp 58—66 for oomplete
r these calculations. B
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1167 psig

Riser-Since the downcomer is a 6-in pipe, let us use
a riser having a nominal size of 8 in. (For an 8-in
Schedule 40 pipe, JD. = 7.981 in, d®> = 32,380 in5
A = 0.3474 £2) -« 3 -
In order to calculate the unit loss for the 100% flow

section, we must calculate the vapor-phase Reynolds
number from: .

NRé = 631 Wv/dlu'v
Ng, =6.31(25,500)/(7.981)(0.01)
Ng, = 2 X 108

For this Reynolds number, we obtain a friction fac-

tor, j ,0f 0.014 from the chart in Part 8 of series;, and

then calculate the vapor-phase unit loss from:'

Ap1o0 =0.000336(fIPV)(W,AdS)
Aproo = 0.000336(0.014/1.31)[(25,500)2/32,380]

Since the riser handles vaporlliquidfiow, we must

now determinethe two-phase flow modulus* from: =
X = (WYW 0, o)/,

~‘With this value of X, we find the two-phase flow
- modulus, ¢% as 14 from a chart in:Part 8 of this series.*

- We calculate the two-phase-flow unit loss* from:

- Apioo = 0.072 X 14 = 101 psi/100 ft

- details of these calculations.

o _ {59,500 1:8(1.31.)_( 0.6 )0-2; R
i (25,500,'); e oor) =% -

. %Sce Part 8 of this series; Ch/a'n',’ Eng, June ‘2}3"’1’975,?9 145_15“-_0..( ég;i)pleté"

113

Let us estimate that the unit loss in the 50% flow
section is one-third that in the 100% flow segment.
Hence:

Apy0e(50%) —0.34 psi/100 ft

Again, we determine the equivalent length of pipe
and fittings for each segment of the riser as follows:

Segment for ~ Segment for
50% Flow, 100% Flow,
Ft Ft
Actual length 6 18
1 Elbow 14 14
1 Sharp tee 24
" 1 Entrance loss 24
1 Exit loss 48
Total 68 80

Overall pressure loss of the riser:
AP = 1.01(80/100) + 0.34(68/100) = 1.04 psi

In summary, the total pressure loss is obtained by
.adding the loss in the downcomer, riser and reboiler:

6-in Downcomer. . '0.167 psi
8-in Riser . 102 ps
Reboiler . .. ... ... . .. .. ... 0.35 psi
Total AP E 1557 psi

By substituting the appropriate values into Eq. (6)
for this example, we determine the available pressure
difference, as: '

AP = (1/288)[(36.7)(13.5) -(4.05)(10.5)]= 157 psi

The available pressure difference of 1.57 psi is greater
than the calculated pressure losses of 1.557 psi. There-
fore, the design and sizes are acceptable. ) '

‘Finally, we check the minimum elevation of the
drawoff nozzle above the centerline of the reboiler by
substituting into Eq. (9):

288(1.535)-3(4.05) = 15.55 ft
31.7 - 4.05

Sincethedrawoff nozzle is actually 16.0 ft above the
reboiler'sicenterline(F/6), the minimum value of
15.55 ft is acceptable.:

Thenext article in this serieswill appear in .the Sept.
15, 1975, issue. This article will review the design of
pipelines for the hydraulic and thermal conditions oc-
curringin overhead. colldensing systems,
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