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Reboiler Selection . 





Boiling - General 

What is boiling? 
- Vapor pressure > sfatic pressure 

I How does a reboiler work? 
- Induees boiling by transferring heat into liquid 

N What is nucleate boiling? 
- &a% rransfer induces the formation of bubbles at 

surface 
- Bubbles f o m  at specific sites or nwlei 



Reboiler Systems 
I;ract io~or Bottoms to Reboiler 

J 

Bottoms Tray Liquid to Reboiler 



Preferential F~actionator Bottoms 

__C_ 

Reboiler Systems 
Examples of Three Systems (Heavy Oil f)ebu&~izer) 

MATERIAL TO 
REBOILER 

% Vaporization 



From Column 

rP;lacw&a.lr 

Horizontal 

To Coiumn 

From Column 



To Column 
0-------7 

Kettle (External) 





Design Considerations 
(contirzued) 

r OutXet Temperatare 
- Seleef desired vaporization rak based on reboiier 

- Two-phase Bash calculation at colum pressure 
yields bmperature and compositions 

- Liquid to reboiler determined by heat balance 

Design Coptsideratuns 
(concimed) 

r CalcuEa&ion of Area 
- For alcufation of the LMTD fur ?nakmf 

circu1ation rebo'ders, the e d e t  psocess 
teaaperatwe shall be usctd as the idet temperapre 

- For base tubes, the maximum k rate is Iimited 
to a rmmhm d 15,000 3Wft2  

- Specidfy tubing is available that delivers higher 
flux rates 



Design Considerations 
(continued) 

Pressure Selection 
- Reboiler pressure is set at a minimum of column 

overhead pressure, plus 0.1 psi per tray, plus any ' necessary contingency required for a maximum 
uperating pressure level 

- Safety factor of 1-0 psi sh& be added to the 
cdcxtlated pressure drop &rough themosyphon 
reboiler types t~calculate the required c o I m  

Design Considerutions 
i(continued) 

Column Elevation 
- Reboiiler types that have hydtrilxdic requirements to 

achieve circulation can require considerable c o 1 m  
elevation if operation i s  close b critical conditions 

I Contingemy 
- Nomai policy for exchange surface 

- Setting LMTB for design 
- Fouling factor selection 



Fractionator 
Condenser Selection 

R Condexxsation 
- General 
- Partiat condensation 
- TOM condensation 

r Condenser/Receiver Types 
- Net vent 
- Encllosed 
- Open to flare 
- Gasblanket 



Condenser/Receiver Hydraufics 
- Eet vent 
- Watei coded 

- Enclosed 
- Water cooled 
- Air coded 

- Open tofiare 
- Air*cded 

m Design Contsiderations 

- Vent cendensers 
- subcoofing 
- Psessuredrop 
- Contingency 



B Condensation occurs when system pressure > 
vapor pressure at a specific temperatare 

a Totril condewtion refers to systems where there 
is no vapor product 

Partial condensa&n implies that there is a va or: 
product I' 





Coadenser/Receiver Types 
Net Vent .(Pa& C~ndeasu&~on) - Water Cooled 

Condmser/Receiver Types 
Net Vent (Partiat Condens&.om) - Air CooW 





Condenser/Receiver Types 
Open to Flare (Total Cuytdeyts&n) - Water Cuukd 

Condenser/Receiver Types 
Open to Flare (Total Cudens&n) - Air Cooled 





Condenser/Receiver Hydraulics 
Net Vent - Water Cooled 

Condenser/Receiver Hydraulics 
Net Vent - Wa&r Cooled ( c ~ ~ ~ n u e d )  

The PRC controls valve in the net gas and repiate the back 
pressure on the fractionating column 

Hvdraulics 

Pz = P, - delb P line + delta P head ' 150 - [400 x {05/l00)) = 148 
P, = P, - delta P exchanger 148 - 3.0 = 145 
P, = P, - delta P head - delta P line 145 - [(14 x 0.433 x 0.68) 

- (loo x (025noo)) 







Condenser/Receiver Hydraulics 
Enelused - Air Cooled (contiptued) 

Hvdtaulics 

P2 = PI - delta P line 15.0 - 1400 x ( 0 . 2 5 ~ ~ ) ]  = 14.0 
P, = P, - deita P wive 14.0 - 2.0 = 12.0 
P, = P,(- deita P exchanger 12.0 - 2.0 = 10.0 

If mdown line two phase 
P, = P, + d d b  P head - deita P line [I0 i (9 x 0.433 x 0.08) 

- (I00 x (0.25 x 100))] 

If rundown line lawid phase" 
P, = P4 i delta P head - delta P line 110 + (9 x 0.433 x 0.77) 

- (100 x {035 x loo))] 

Condenser/Receiver Hydraulics 
Open to FEare -Air Cooled 



Condenser/Reeeiver Hydraulics 
Open to F h e  -Air CooIed 

There is an @pen line from the receiver to the flare header. A 
purge gas & introduced into the line b flare to maintain a 
positive flew going to the ff are. 

PZ = Pz i delta P Pline - delta P head 1.0 - (9.0 x 0.433 x 0.08) 
+ (100 x 0.41100) 
= 3J 

P, = P, i delta P exchanger ' 1.1 + 3.8 = 4.3 
P, = P, + d e b  P l i e  43 + 1400 s {0.17&00)] = 5.0 

.&He Rundown and E q m b  
Liaes Shall Be Free 
haining - Wxrhout Pockets 

EqtAkcr Liae - Size 1/4 to !fi of Rundown Linc Diamter 
Rundown tiae - Six* fargc 

Wstributor - Use Pipe with V c t f  Sfor 





Design Considerattattons 
(continued) 

Butterfly @ C o ~ d  Xnlet 

Design Considerations 
(cuatiPtued) 

m Cantingency 
- W d  poficg for exchange surface 
- b w  end temperature approach &t tolEmg rn- 
- Straight h e  candensation I 
- Bubble pint temperature adjustmen& 
- Fouling factor selection 





Material Balance Control 
- General 
- c@ntroof strategy 
- Overhead 
- Battoms 

Psbsure Cents01 
- Water condensers 
- Aisconciensers 
- ~oibhat ion airjwater 
- Steam gweration 

(co~*nueaF) 

r Heat Input Gntrof 
- Firedheaters 
- Reboilers 
- Feed hea&ss 

- Exchanger-tlype reboilers 
- Steam 
- Hot 4 
- Overhead vapor 



(continued) 

t WscelIaneous 
- Problems 
- Steam versus condensate control 
- Purge gas equilibrium 

- Alternate philosophies , 

Compos~oy~ Control 
Generat 

What are the degrees of freedom amikib1e to the 
design engineer for the design of a fracGomtor? 

- Overhead conrposihon 
- Feed composition 
- Bottom composition 
Vari&Ees 

- Number of trays 
- Feed tray Iocatim 



Cumposition Control 
General (conttnued) 

What are h e  degrees of freedm available to the 
operation engineer for control of a fractionator? 

- Feed composition 
- Number of trays 
- Feed tray location 

I Variables 
- Reflux (9-1 XS% design) 
- Overh-d composition 
- Botoms~~~~p~sitim 

Light Key in Bottom, ppm 

Cumposition Control u( 
Perfonnmce C w e s  - Reflax B&nce Heat 

,efiC.ru 



Composition Control 
Perfomarzce Curves - ReJzw Balance Heat 

Bunurn Flow 
by Inventory 

Composition Control 
Perlfclm~ance Curves - Reflux Buhce  Reat 

= What is the result if i f t  inplllt, t~ reboiEer 
increases? -+!, v*sn rrplvJL. 

= What is the result if the light key decreases in 



. 'I) 

Com~osition Control 
Perfomance C w e s  

Light Key in Bottom, ppm 

Composition Control 
Pe;rfmanee Ctlwes 

= If the light key in feed decreases, the overhead and bottom 
composition wodd dange such that the composition would 
follow a line par&& to &e perf'onnaace curve in an upward 
direction (Point A to Point Y) 

m If the heat input is increases, tbte overhead and bottom 
contpasition would change such that the composition of both 
dis-te and bottoms would improve Point A to Poiat X) 
Conclusion -- There is a necessity to have instments sense 
the product composition and make adjustments to Wtah 
product quality 



OVHD BOTTOMS 

MF = 0.998 
Less LK 

MF = 0.995 

Composition Control 
Control Strategy 

Methods utilized for'sensing the conpsition of 
h y d r d o n  product s t r e a m  

- Laboratory analyses 
- W n  stram" Lab idrumentation 

Cbrnatopph 
Analyzers (Wing point, gravity, octane, water) 

u AH "m str~"hstntm.entatio~ wal give a response 
dependent upon the cycle h e  required to ran the 



- Indirect 
- Termperahre 
- Temperature (pressure compensated) 
- XleXta temperature difference 

In a binary or a system with pure product 
overhead, the .temperature is a direct indication of 
composition 

r 1x1 other eases, Gibbs phase mk w ~ u l d  govern 
and temperature & be only an indication 

Composition Control 
Control Strategy (cu&inued) 

Composition Conhd 
CoWoZ Strutegy (continued) 









m Concept of material balance control can be 
divided into two categories 
- Traditional 
- Modern 

Material BaEalczce Control 
General 

Material l3aEajl"tce Control 
Tradi&ytal Philosophy 





Material Balance Control 
General (cuntirzued) 

= Overall: F = I3 + B 

r For key component: xF = yD + zB 

D Rearrange: DlF = (x - z)/fy - z) 

m Corxcfusion: yield of '%XI spec" distillates is 
dependent only upon the composition of the 
feed and products 

Material Balance Control 
General (co&.rz.tced) 

= For both traditional and modern column, 
determine response necessary to reach steady 
state after the funowing upsets 
- A change transpires in the cofwm heat bdanck. 

such as the reboiler duty incre~~es 
- A change occurs in the feed composition such that 

the Eght key content increases 



M&eriaZ Balance C~pltmE 
Gen erat (continued) 

r Using logic to determine the response to these 
situations should convince a design engineer that 
Wtp modern philosophy is the best operation 

MatekZ Balance Control 
Co~troE Strategy (contiPtued) 
OvePheiad Net B-od~cct Yield 

Composition 







Materid Balance Control 
General (co&-nued) 

Bottoms Net Prodact Yield 

.-.-.-.-.-?-.-.-.-.- 
Level Resets Ovhd 

Product Make 

Pressure Control 
Water Condmsers 

Vent to Flare 
1-5psig 

To Flare 
Headeq 

Purge Gas 





Material Balance Control 
Pressure Control (conjeiaued) 

Water Cortdeutsers 

Partial condensation - net overhead partial or total 

- Condenser can be either below or above receiver 
- Pressure level determined by destination pressure 
- CV delta P set to minimize  downs^^ variations, 

normafly 25 psi 

Pressure Control 
Air C o d e ~ s e r s  





Pressure Control 
Air Condensers (mrztirzued) 

For all air cooled systems, condenser 
m Must be elevqted 
r Must have no traps in piping 
r Rundown piping free draining 

Size rundown piping loose 

r Partid condensation - nelj overhead pal.tiaf or 
total vapor 
- Condenser always above receiver: 
- Prassure level determined by destination preyre 
- CV delta P set to minimize downstream variations, 

nonmafly 25 psi 

Pressure C o n ~ o l  
Air Condensers (continued) 





Pressure Control 
Air Condensers (covtttvtttntced) 

r Total condensation - floating or controlfed vent 
- Trim condenser should be m i h u m  distance 

from receiver 
- Ccmdenser 
- Must have no traps in piping 
- Rundown piping free draining 
- Size rundown piping loose 

Pressure Control 
Air Co~tdensers (coPcttPctt~tced) 

r Partial Condensation 
- Condenser can be either below or above receiver 
- Pressure level determined by destination pressure 
- CV delta P set to minimize downstream variations, 

n o d l  y 25 psi 



Pressure Control 
Steum Generation 

-------- .- .-  



Heat Input Control 
Fired Heaters (conti~ued) 





Heat Input Control 
Exchanger- Type Reboilers (continued) 

Heat Input Control 
Exchanger-Type Reboilers (cuntinaed) 



PROBLEM 

\ 
t 

Steam vs. Condensate control\ 

There is a steam heate6 exchanger in our process unit that must be operated at both design 

(100% in the fbture) and startup (50% when new) of the design duty. We are asked to select 

whether steam or condensate control provides the best control. Steam is available at20 psig and 

condensate must be delivered at 5 psig. The process side is a boiling pwe compound at a 
* , 

temperature of 1800~.  The heat transfer coefficient for the design case is 84 ~ l d h r l f t ~  and 1 15 
* 

for the 50% operation. 

If steam control is used, calculate the steam side pressure that will result for the 50% operation. 

For the condensate control case, calculate the volume of the exchanger that is covered by 

condensate. 



STARTUP 

50 
6:4 

0.001 

259 

180 

34.7 

115 

259 
259 

34.7 
34.7 
20.0 

BASIS 

Thruput, % 
: Duty, mmBtu/h ' 
Fouling 

Scheme A - Control Steam 
Temperature, OF 

Steam header 
, 1 Exchanger, shell out 

Process, inlout 
MTD, OF 

Pressure, psia 
Steam header 
Exchanger shell 

Exchanger coefficient 

Scheme B - Control Cond 
Temperature, OF 

Steam header 
Exchanger shell 

Pressure, psia 
Steam header 
Exchanger shell 
Condensate system 

Condensate level 

DESIGN 

100 
12.8 

0.005 

259 
228 
180 
48 

34.7 
20.0 
84 

259 
259 

34.7 
34.7 
20.0 

0 



Steam vs. Condensate Control 

The design basis can be summarized as follows: 

Control Steam Case 

BASIS 

~ h n i p ~ t ,  % 
Duty, mmBtu/h 
U, mrn~tuih/f? 

A. 50% Case MTD 

DESIGN 

100 
12.8 
84 

t 
steam Header 

Temperature, O F  

Pressure, psia 

Exchanger Shell 
Temperature, O F  

Pressure, psia 

Process side temperature, O F  

MTD, O F  

Normal flow MTD 

50% 

50 
6.4 
115 

12.6 mm Btulh 
Area = = 31 75 sq. 9. 

(84x48) 

259 
3 5 

228 
20 

180 

48 

Say 18" F 

259 
3 5 

B 
C 

180 

A 

- - 
IPDROO 1 UOP XIVIA-2 



> 'A 

. , 
C. Pressure for saturated steam at 198OF is 11 psia fiom steam tabre. Therefore, condensate 

" 

will not flow into the 20 psia header. In fact, condensate will build up in the exchanger 

until sufficient tubes are covered and the MTD goes back up un$l the shell side 

temperature is above the saturation temperature of steam at 20 psia. Collected condensate 

then rapidly leave? the reboiler,' causing sudden increase in beat transfer as tubes are 

uncovered. 

Steam Header 
, Temperature, O F  

Pressure, psia 

Condensate Control Case 

Exchanger Shell 
Temperature, O F  

Pressure, psia 

I 

D. Area required for heat transfer can be calculated by ratio: 

This means that the condensate level has increased in the shell until only 36.5% of the total 

Design 

area is exposed to steam. The area covered by the condensate is 63.5% of the total tube 

50% 

bundle area. 




