Design, Manufacture and Test of an Instrument
for Heat Recovery from Exhaust Gas
and Reduce Air Pollution

By

Nabil Galal Kobessi Hussein
BSC in Mechanical Engineering, Zagazig University,1982

A Thesis Submitted in Partial Fulfillment
of The Requirement For The Master Degree
In
Environmental Science

Department of Enviromental Engineering
Institute of Enviromental Studies & Research
Ain Shams University

2010



Approval Sheet

Design, Manufacture and Test of an Instrument
for Heat Recovery from Exhaust Gas
and Reduce Air Pollution

By

Nabil Galal Kobessi Hussein
BSC in Mechanical Engineering, Zagazig University,1982

This Thesis Towards A Master Degree In Environmental

Science Has been approved by:
Signature

1. Prof. Dr. Adel Abd EI Malk EI Ahwany
Prof. of MechanicalEngineering, Ain Shams University,
Cairo Egypt

2. Prof. Dr. Mahmoud Mohamed Abo EI-Nasr
Professor of Mechanical Engineering and Vice Dean,
Ain Shams University, Cairo Egypt.

3. Prof. Dr. Mohamed Abo EL Enen El-Samanody
Professor of Mechanical Engineering , Ain Shams University,
Cairo Egypt

4. Prof. Dr. Ramadan Abd EIl-Aziz Amer
Professor of Mechanical Engineering ,Shubra University
Cairo Egypt



Design, Manufacture and Test of an Instrument
for Heat Recovery from Exhaust Gas
and Reduce Air Pollution

By

Nabil Galal Kobessi Hussein
BSC in Mechanical Engineering, Zagazig University,1982

A Thesis Submitted in Partial Fulfillment
of The Requirement For The Master Degree
In
Environmental Science
Department of Enviromental Engineering

Under the Supervision of : Signature

1.

Prof. Dr. Mahmoud Mohamed Abo EL-Nasr
Professor of Mechanical Engineering and Vice Dean,
Ain Shams University , Cairo Egypt.

Prof. Dr. Mohamed Abo EL Enen EL-Samanody
Professor of Mechanical Engineering , Ain Shams University,
Cairo Egypt.

Dr. Eng. Saad Awad Abd El-Rahman Salama
Lecturer of Mechanical Engineering, Specialized studies Academy
Ministry of Higher Education, Cairo, Egypt.



adp) il e Bl padl gl Y g SR g alal g asanal
o) 5gd) ¢ gli Julki g

1982 (52 38 3l drala-) yud dain 2SSl Al g ) oIS

imalal) da 3 o J paad) cldlaia Jlasiady
Al aglal) B

Al dpautigh) o glal) audd
doinl) &iganll g bl all agaa
uadi (8 daala

2010



Al )l e 488 gall dadia

adlad) il e a8l adl gl AuY g JLGA g alal g asanal
o) ggd) gl Julad g

198252 38 31 el s Awin &Sl Aunsih (51 IS

imalal) A 3 o J paad) clidlaia Jlasiady

ﬂ-,\-‘\a#juw‘u{
& 5l : gl 488 gall g Aoy 1) AdBlia cuci 3B g

« Adall)
Al dlal) ae Jale /3121
Omads (e Anala-Anigl IS A0 Axigl) andy ¢ jiie M

saill gl dasa 3 gana /0,022
e 5l (Guad e daala (AN JS s A0S0l duaigl) M

G giand) Cpinl) gl dasa/ 3.1-3

e 5l ¢Guad e daalan (S duaigdl M

e el ve (laa yf 214
Lo drala— s Aoy (4SSl duaigll Ml

2010



adfad) il e e Bl aldl gl Al g JLGA g alal g asanal
o) 9gd) gl Julas g

1982 52 )l 3 daalan-) jud dsaia A SalSpal) duaigl) sy SIS

imalal) da 3 o paal) clilhaia Jlagiad

il agll b
a8 sl PR RLAN

pail) gl dasa dgana/ai- 1
e 3 Al (Guad cpe dmala G S 5 5 ALl Aaigl) M

G siamd) Cfal) gl dasa/ a0 - 2

aa Bﬁm\ conadh (pe daalay cz\.xs:uls:\d\ Auaigl) Al

dadl cpa ) a3 ge s /2 - 3

e b Al ¢ Jall adeil) 551 35 aanadiall cilud jall duaalSL LSSl dunigl (s 2

5la¥) id

2010/ [ et Al el

daalal) (ulaa 4389 2gaal) (alana A38)5a
2010/ 2010/ /



paldiual

Gl s e liall Adaib Caliadl ¢ juae eladl any el sl igliaa ) ) Uyl elly 8 Caad) 138 Chagy
Ll ll) aleall 8 5 Al 30 gl o Laliall daaaall 3 jeal) G aladiul 3yl (e 4iailSe bl 43 5aa
Caggall Cllec ¢ 3l elalle o sedl Cpai€ dpeluall ) e V) (e S 8 da LAl 2 sadl il e (e BaLELYG
S Haall e ¢ DUalle
rhle e duljall Jada g
Canl ¢ sumga b daadiall dadell il ) sall 5 Ol paigall o i pi e dsd 2 dnal e o
e 3 Gl SV (Bhaliall 5 o sl o ghil Annal) 23l 53l 5 3 58 1) (e AdliAl) £ 1 900 31 Y (el @
ERTE N JETIRER TR AN
( Swirling Recuperator Cylinder) sl s Jabe Slea aranal (8 aalall Gl e (e 3260Y) @
Gl 5 b slall (e 2all (Cyclone Scrubber) Slea dasd Aaldl z3lall (e aaacad Judl #lin) @
Al (3l i) lilens A jall 5 sl 5 Ll

(Swirling Recuperator Cylinder) s gl Jile Sles sl anead 1Y
.8l e 58 ) jadl il ja el Aalaal) () 5 jeali s g 3 ¥l 5 cllad) e e

Ascliall Gl e Y calisg B anlaiin) g ol o) gell 5 elall padius 8 a) gal) e aladdin 4a8 S
gl asall Gl le (e Slea sy aiat (Cyclone Scrubber)zis i) il slall (e aalh agd o5, oLl
dal (e Jarilll 30 LS 1) 5 (31 yinY) akai 5 axdisall 368 5l Clinan Jae 5 Al A8aa ()5S 300a 20l 50

Gy ol o) sell Ay gllal) 53 pal) Lo Aailadll

Jae 5ol i Lo ABlia s dlenal) el Julat s (of cany L Jaymall ) sl Aallm &y ) Joai (1
AiSaa 5ol e f I U saa sl Jtesal) 8 L il 5 canl sl e 3001 clilzay)

& pasall 3 8 AlEiie & gad Dl e Crad g ilil) Culd o5 M8



Al ) (aidls

adad) il e a8l adl gl Al g JLGA g alal g asanal
£ ol &gl Juli g
Design, Manufacture and Test of an Instrument
for Heat Recovery from Exhaust Gas
and Reduce Air Pollution

td g A o Al ) (g g

(Introduction) 4agse)) (e 9 -Js¥) Juadll

58 T AL al) Al (3 il (e sl A gl jalan SIS 5 R e e 3505 e (s gia
Goa s iluadl) el G 5 il slall Jan) (30 % 26 e aslall e (5 gind s il sl leal (14%36
imgia g Canl) (i g Cnl) A ) Y s s G el Jlen) (00 % 38 s Sl 515l (8 Ae ) 3 il
) el daal) e Ailaall pdie anll 5 ol all &gl mgad]

(General Literature review) alal) dsalal) cidlaall g & pdil) daa) o - A Juadl
Lo 5 Bl Al - (e OV L Jlae (3o o8 L e (5 simy
Rl e (i L sl g5

el 5 SV sl 2

( Monitoring Air Pollution) sl &l & sa) Ganday g -l Juadl)

e eladl 85 i) aa ll Cillase (3 5l e e SIS g allall J g0 (s L aalall G 5le dia )y Jadi
S ST 5 ) Aalad) ) G v ) g danall g &l e il a5l A Gl jalian
a8 g aa sl Bl aled) e et e 5 lailaal s jeae cbal gaen 8 (R8N iy jadl- a5 il 2ulS]

. (2005-2004 ) 4iw s A Slana 5 dpubial) ddana (e < Sl day 4 lEa 5 Al 2



( Test apparatus ) 83¢a¥) JLEa) 9 51 all gla il ey 5 -l 1) Juadl

plaaiul Gk e 3l all gla il A8 2% Jsila ool s Jabe Jlea JLES 5 sl g arenal Jadil
Cdeliall A daladin) g4 jrae s D01 AR Hha - pd g Cadail) g Caladll 5 uaidl cillee 8 aalall G e

( Experimental result of recuperator) ¢ral g -gualdl) Juadl)

5ol Jobaall 5 Jia  Alamal) gl e Ll i S1ad 50 jal) gl jind Slaad i lail il ol
1Al Jabad) e %1.8 < 3eli€ ST 55 3l (s ) all dabadd) o) il 5 g 3tall (gl sadl Jalsalls (satal)
)

(S Sl ) S oy g -udlad) Juadll
(Cyclone Scrubber And Reduction Of Air Pollution From ExhaustGases)
A8l et clilie ol ) Jleadl as e Jelii ol 5a

Slaa il g @ilidl) Gaaly g -abead) Juadl)
(Conclusion and recommendation for future work)

(Conclusion) gkl

Bloall s 53 2 ) ge el gl all AN Aa e

G alaal) 200 ghau¥) 8 AL ol sel) elins yia 5ol ) 5 3 gand) Aiuds o 65 e aclin Cilegall (3835 @
L sle) (3835 Jama s e o any 5 SMSiAY) Jalaa 5 yad gyl g bl o8

O <l Jadl (8 Al Sl slall A )3 (il s 38 55 O 2 s (D28 -0siSaad) ) Sl Aalall dlaadl (e @
© SV Ryl Ll A el ) 3 Ayl

O8N sl 5 9%32 e

oSl ) S5 %83 e

Onn il i< 9436 o

SN sl (B 5 Cpa g il anlST A 3 3 () & )2 g sl S w i ledic o



(Recommendation) <twa il
s 0 @ e sl 5 okl 5 aliaall 5l Juiil el Sl 5 el g Sh aladiul 555 i e

L <l glall
£l oSl a5 ilana (g Yy el 5l a5 8 2y g 5il) Cillaadl) IS g Al 28D 5 L ) dilla aadin) @
58 0l Jans Al

ClliSl e S 5 el 5 ailiadl Al e Lie aall g dludl cl Jal) paliaie 5 3 jeal caS 55 o

Q\Jwej\}d\cjm&c



Summary

Design, Manufacture and Test of an Instrument
for Heat Recovery from Exhaust Gas
and Reduce Air Pollution

This master contains seven chapters:

Chapter I - Introduction :

Contains an overview of pollution as well as sources of air pollution from the combustion
of solid waste, which produces 36% of the total pollutants and contain the exhaust gases
26% of the total pollutants, as well as emissions from factories and burning of agricultural
residues in the air that 38% of the total pollutants. This research aims and methodology to

reduce pollution emissions, reduce and maintain public health and the environment.

Chapter Il - (General Literature review)
Contains the presentations of each A- and different types of heat exchangers
B - air pollution as it contains toxic gases

C - types cyclones and scrubbers.

Chapter 111 - (Monitoring Air Pollution)

Includes the monitoring of exhaust gases in some countries in the world, and Egypt as well
as by monitoring stations scattered across Egypt. And discover the sources of air pollution
and the impact of this pollution on the environment, health and monitoring rates of toxic
gases (sulfur dioxide - nitrogen oxides - fine particles) in all Egypt and compare them from

the previous year of monitoring, has been studied [Abbaseyia stations years (2004-2005)].

Chapter IV - Includes heat recovery and test devices (Test apparatus)
and also include the design and manufacture and test (Swirling recuperator heat recovery)
is faithful through the use of exhaust gases in the heating processes and packaging, drying

and explain how the performance and the advantages and used in industry.



Chapter V - Includes (Experimental result of recuperator)

Use the theoretical results for your swirling recuperator heat recovery in its application to
laboratory results and compare between the thermal heat exchanger plain and swirling
recuperator and prove that the swirling recuperator more efficient to 1.8% of the heat

exchanger plain .

Chapter VI - (Cyclone Scrubber And Reduction Of Air Pollution From Exhaust Gases)
Include the design and manufacture and test a device (cyclone ) as well as the way it works
and how to handle the exhaust gases are included through the use of environmentally
friendly materials to get to the border allowed global pollutants so that there is any public
deposits or materials interact with the body of the device or any residual damage the

environment.

Chapter VII - (Conclusion and recommendation)

(Conclusion) :
e The swirling recuperator cylinder heat recovery systems are capable of operating at

700°C with 60% to 80% heat recovery capability.

It is notice that QswerLing 1S equal 1.8 Qprain -

Experimental investigation of enhanced effectiveness , heat transfer coefficient and
friction factor characteristics of cylinder fitted with twisted ring inserts

of different twist ratios has been studied.

It is observed that the swirl flow helps to decrease the boundary layer thickness of the

cold air flow and increase residence time of hot air in the inner cylinder.

e The enhanced effectiveness, Nuselt number and friction factor increase with the

decreasing of the twist ratio.
e The partitioning and blockage of the cylinder flow cross-section by the ring, resulted in
higher flow velocities.
e .Secondary fluid (air) motion is generated by the ring twist, and the twist mixing
improves the convection heat & Reynolds number and decrease pressure drop.
e |t is found that the concentration of the poisonous gases decreases by increasing the

amount of pressurized air.



(Recommendation) :

The use of special filter to absorb motor and car exhaust and noxious gases.

The use of electricity or natural gases to move the different types of motors
and cars instead of petroleum.

To use safe and healthy ovens and heaters at homes operating by electricity or
natural gases instead of kerosene or burning of fossil fuels.

To use protective measures against toxic oxides e.g. SO, and periodic
measurements in the place of its generation e.g. petroleum refining, paper and
battery manufacturing.

Avoid the use of food stuff preserved with SO, and other sulfite salts.

Inhibit the use of sulfur and carbon particles in the feast playing toys e.g. fire
crasher because it is very dangerous on respiratory.

Vehicle Emissions Abatement by using Electric Vehicles and Biodiesel (used

vegetable oils and animal fat).
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