i bl | |
@ ASUNET
dmalal) cila glaal) A8l




@ SU o
Wld\uu‘gh.did&u

Cunity il | ) Gl | o
@ ASU NET

Ao Sy 3258 385




e | o el |
@ ASUNET

dmalal) cila glaal) A8l

il i et

a8 g jSaall g (5 9S85 5
-

Lebiausi g L g a3 A1) Balal) O audied) Al sl
Sl il A ¢y 98 ) 3B 2DEY) oda e

Ll e oy ad8Y) oda Jadas
% 40-20 (A dyghygdasia 20 — 15 Gaduladan

To be kept away from dust in dry cool place of
15 — 25¢ and relative humidity 20-40 %




dmalal) cila glaal) A8l

ity |y Qe | S
@ ASUNET

FlL o,
i LAY




dmalal) cila glaal) A8l

ity |y Qe | S
@ ASUNET

Sloe Yl |
J—ed 55




L -

—

R— \—/_,_,..w .

4

-

Lt
.

e et

El-Minia University }
Faculty of Eng. & Tech. ‘ .
Chemical Eng. . Dept. 1

Modeling and Control of a

Plate Heat Exchanger
N |

Ph.D[}. Thesis

Subrrhitted to

Chemical Engileeering Department
Faculty of Engineering and Technology
El-Miniia University

By
Eng. Reda M. Ab‘del-Monem Abo-Beah
M.Sc. [Chem. Eng.

For the requirement of the Degrele of Doctor Philosophy in Chem. Eng,

|
|
Supérvisors :

Prof, Dr. Olfat A. Fadali | Prof. Dr. Henrik Soeberg
Chairman of Chem. Eng. Dept. Prof. of Chemical Eng.
Faculty of Eng. & Tech. ‘ Technical Univ. of Denmark
El-Minia University ‘ Denmark

Dr. Mohammed S. El-Geundi i : Dr. Ibrahim Ashour

Asst. Prof. of Chem. Eng. Asst. Prof. of Chem. Eng,
Faculty of Eng. & Tech. | Faculty of Eng. & Tech.
El-Minia University i El-Minia University

|

o .\‘{W EI-Mi,inia University

% AN | 1995
‘.
|



To:

The soul of my fathér, my dear dcplarlcd.




Abstract

| el

Page iv

proposed models were experim
action were theoretically tested

; i _
entally, tested and their performance under control
by estimate the closed loop responses - to set point

changes. M-files programs us

ng MATLAB language were developed for using

through MATLAB software for the simulation of the models and control of the

system purposes.

Two types of controller mechani
while the second called prop
responses  under servo operati
under full state observer desi
technique and linear quadratic
that using proportional contro
adding integral action is neces
. used for the condensation app
Also, the study shows that, usi
linear quadratic optimal contrg
researches on dynamics,
used as a condenser.

mode

)

| :
Isms are studied, the first namely the proportional,
cﬁruonall plus integral. The theoretical closed loop

on_are: computed.
gn is computed based on either pole placement

Feedback controller gain (K )

optlmal control theory. However, the study shows
is not sufficient and gives large offset error, so
ary. However the study shows that PHE can be
Ilcauon depending on the available pressure drop.

g pole placement technique give better results than

|. The present study may constitute a part of the

(Lling 'a;rid control synthesis for plate heat exchangers
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: Total surface area of P}{E ;

:n by n matrix. ‘

: The ratio of the condenfate area to the total area.
: Channel flow area = siw = d,w/2 ;

: Plate area ; |

n by rmatrix.

: The maximum trough ,Jpacing Jor intermating type, Fig.(2.6 a),

or trough depth for chevron type, Fig.(2.6b &c) ;

cm by n matrix. I _

> Minimum channel gap! for intermating plate type, Fig.(2.6 a) ;

: Heat capacity rate ratio, Eq.(3.5) & Eq.(3.6).

: Fluid specific heat ; |

om by r matrix.

: Channel equivalent diameter = 25 or 2s/ ¢ ;

: Logarithmic mean temperature difference correction factor ;
> Transfer function.

: Fluid enthalpy |

: Height of intermating |trough, Fig.(2.6 a) ;

: Heat transfer coefficient ;

: The fouling coeﬁ‘icientl' on both sides of plate ;

: Specific pressure drop

: Heat transfer factor based on Nu ;

: Quadratic peq‘ormancJe index,

: Thermal conductivity i,-

: The state feedback gain matrix.

: The state abservqtt'oni gain matrix.

: Length per channel |' _ _

. Logarithmic mean te{’mperature difference ;

: Total mass flow rate’;

. Channel mass flow rate ;

: Total number of plates including the two end plates.

: Total effective number of thermal plates.-

> Number of moles. ‘.

s Air mole fraction.

: Steam mole fraction,

[mj
[ike.K ]

{fm]

[j/Kg ]
{m]

[ Wim.K |
[ WimtK ]
[ Pa/NTU |

[ Wim.K |

fm]
[K]
[ Kg/s ]
[ Kg/s |
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: Number of parallel charinel per pass .
: Number of passes in series .

: Pressure | | ‘ - ' [Pa]
: Partial pressure of air ] . [ Pa]
: Partial pressure of steam ; {Pa]
: Plate pitch ; ' [m]
: Heat transfer rate ; ‘ _ [W]

. - Gas constant ‘ : [ bar. m’ / Kgmole. K |
: Fouling factor ; ‘ [ Wim*.k I !
: Plate wall resistance ; ‘ [ Win?.K I !
: Spacing between plates (cham:el gap )}, [fm]
: Temperature ; | [K]
: Saturation temperature| ; | I , [K/
: Time ; : [s]
. Volume of one channel. ' [m ]
: Overall heat transfer oloeﬂicient ; [ Wim*K ]
: Control vector ( r vector).
: Effective plate width ; fm]
: State variable vector (n vector)
: Thermal , Eq.(3.4) & Eq.(3.7).

|
Greek Letters. J
. Base angle of trough, Fig.(2.6 a).
: Chevron angle, " C‘o;rugation inclination angle to flow
direction”, see Fig.(2.2) & Fig.(2.5 b).

: Pressure drop ; | ' [ Pa]
: Plate thickness ; | ' [m]
: Number of heat transfer units (NTU or HTU).
: Latent heat of cona‘erltsation N | [j/Kg |
: Fluid viscosity ; [ N.s/m? ]

|

: Fluid density ; [ Kgm® |
> Enlargement factor }developed area / projected

area), Fig.(2.8) & Eq (2.2).

: Viscosity correction (factor= [ Bputk "Poart 1
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Dimensionless _ Groups,

. Inlet conditions.
: Liquid phase. |

: Water,

: Section number one.
: Section number two.
s Air.

- Average. |
- Cold fluid " cold stream condition ".
: Channel. l

: Condensate.
: Hot fluid "hot stream condition .

: Maximum. |
s Minimum, |
> Outlet conditions. J
: Plate.

: Steam. |
: Saturation. 4
. Steady state values. f
: Total., J

|
. Condition at the wa‘{L
J

J

- vit -

: Nusselt number = th.d)fk ;
: Prandtl number = f(u.Cp)/k ;
: Reynolds number = (p.u.de) AT

w
1
i
|

J
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| .
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