
 

 
 

אאאא  

 

  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 

١١١١١١  



א١١١ א
אא
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
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אאאK

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  א        ،א אא  

 א ، אא א אא א
א،אאאא
אאאאאאאאאאאאא
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 א א   ?א א  ?  ? ?

אאאאאאאK


אאאאאאא
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
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אאאאאאאא
א،אאאאאא

אאאאK
אא–אאJאאא

אאKאאאאא
א،؟א؟אא

אאאאאא
אאאKאא

אאאאאאאאאאאK
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א

א
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אאW

אאאאJאאJ
אאאאאא،אא

KאאאאאאאאK

אאאW

،אאאאא،
אאאאאאK

אאאW

אאאאא
אאאאאא،אא

אאאאאאאK

א A ٢אאאאאאא
אאאאאאאאאא
אאאאאאא

K(١)אא

אאאא
אאאאאאK

אאאאאא
אאאאK

אאKאאאאאא
אאאאאאא

אאאאאאKאא
אאאאאאאא…KKאא

אאאאאאאא
Kאאאא



א٢١١
אא

 
 

 

אאאאאאאא
אאאK 
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א A-٢אאאאK



 
 

منتج مرغوب فيه  
 Products 

 مواد خام
Raw materials 

 عملية فصل
Separation

process 

 مفاعل كيميائي
Chemical 
Reactor 

 عملية فصل
Separation

process 

منتج غير مرغوب 
 فيه

By-Products 



 

 

 

אאאאאא  

 

אאאא  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 



א

א


א


١



א١١١ אא 
אאאאא

 
 

- ١ - 

אאW
،אאאאאא

אאאאאאאK

אאW
אאאאW

JאאFא،אא،–אJE
J،א
Jאא

אאאWאא٩٥K٪
אאW٨١٠אK


אאWאאאאאאK

אאW

אאאאאW
אא

אא
אאאא

אא

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אאא
Kאאא

אאאאאW
٣،א٢٠،١١٠K

א٣٢٠١١٠אאאKא
אאאאא،אא

אאF
الزمن
FאF٣E،אE،طول

الزمن
FאE،حجم

طول
آتلة
3

E،

אאF
الزمن

EKمول او آتلة

אאאאאKא
אאאK

٨ cm �٦ cm = ٢ cm 
אW

٨ m �٦ cm = ? 
אאW

3
3 kg/m0.5

m10
kg5

=N.m20m5N4 =×


3

m4
m12
=FאE



אאW
אאאאאאאK

 km/h  ft/min  .m/yrאאאאא
K




kg/s16)
s

m(2)
m
kg

(8
3

3
=×
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אאW
אאאאא

אW
אא

אא


 ٥٥ km  mאW


          (١�١)m5000)
km1

m1000(km)(5 =×

אא١٠٠٠ m/١ kmK

א(١�١)W

١٠٠٠ m ٥ km
١ km 

=٥٠٠ m 

١�١
  ١ cm/s٢km/yr٢





29
232 km/yr109.95

yr
km

)10(10
365)24(3600

×=
×
××

=

١ km ١ m ٣٦٥٢ day٢٤٢ ٢ h٣٦٠٠ ٢ s١ ٢ cm 
١٠٠٠ m ١٠٠ cm ١٢ yr١٢ ٢ day١٢ ٢ h٢s٢
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אאW
אאאW،אא،א،אא،א،א،א

א.
אאאWאZ٢٤،אZ٦٠،אZ٦٠א،Z١٠٠٠

א،Z١٠٠،Z١٠Kאאא
אאKאאא٢٤אא٨٦٤٠٠

K
אאאWאאא،א

אKKKאאאאא
Fm٣, (ft/min, lbm.ft/s٢, kg.m/s٢ K


١J٢Wאאאאאאא(SI) 

אאא
אא

א

א(Volume)(liter) L
m٠٠١}٣٠ 

١٠٠٠ cm٣

א(Force)
(Newton)

א(dyne) 
N 

dyne
١ kg·m/s٢ 
١ g.cm/s٢

א(Pressure) 
(Pascal) 

Pa ١ N/m٢ 

א،א
(Energy, work) 

(Joule) J ١ N·m 

א(Power)א(watt) W١ J/s 


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אאא
אאאFSIE

אאאאאא١J٢ 

١J٢Wאאא
 

אאא

אm

אאkg

אs

אאmol or g-mole 

אאאK 


אאא
אאאאאאאא

١J٣W

١J٣Wאאא
אאא

אאft

אlbm

אאs

אlb-mole 

אאאoR 


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١אJ٤אאאאW
١J٤Wאאא

אאא
(nano)n١٠�٩

(micro)µ١٠�٦

(mili) m ١٠�٣�

(centi) c ١٠�٢
(kilo)k١٠٣

(mega)M١٠٦
(giga)G١٠٩

א(tera)T١٠١٢

אא
אאאאא(F = 
m·a)،F אm אa אKאאkg·m/s٢

g·cm/s٢lb·ft/s٢(N)(lbf)K

١J٢

K אאא(N)١٠ kg .٢٥ m/s٢

K אאא(lbf)١٠ lbm .٢٥ ft/s٢

אW

K

WאZא×א
F = m·a 


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W

١ N ٢٥ m ١٠ kg 
٢٥٠ N Z

١ kg·m/ s٢ s٢ 
ZF 

K

Wlbf ≡ ١٧٤}٣٢ lbm·ft/s٢ 

W

١ lbf ٢٥ ft  ١٠ lbm 
٧٧}٧ lbf Z

١٧٤}٣٢ lbm·ft/ s٢ s٢ 
ZF 

א

אאאאאא(g)(N)
(lbf)KW

W = m·g

١J٣W

٢  א ft٣ ٤}٦٢ lbm/ft٣ אא
.١٣٩}٣٢ ft/s٢ 

אW

אWm = ρ · V

٢ ft٣٤}٦٢ lbm ٨}١٢٤ lbm =ft٣ = m


W
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W = m·g

אW


١ lbf ١٣٩}٣٢ ft٨}١٢٤ lbm ٧}١٢٤ lbf =١٧٤}٣٢ ft/ s٢s٢= W

 
אW

אא??אאK
אאא،F (١٠٢٣×٠٢}٦אא

אאאאK
אאאאאאאא٠١٢}٠

K
אW

א
אZ

א


אZg ،kg،lbm 

אZg/g-mol،kg/kmol،lbm/lb-mol


١J٤
 ٤ lbm א(NaOH)FאZ٤٠ lbm/lbmolKE

אlbmolgmol؟אא

א

אlbmol


١ lbmol NaOH٠٠}٤ lbm NaOH 
١}٠ lbmol NaOH Z

٠}٤٠ lbm NaOH
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
אgmolW 


٤٥٤ gmol١ lbmole NaOH ٠٠}٤ lbm NaOH 

٤}٤٥ gmol NaOHZ 
١ lbmol٠}٤٠ lbm NaOH  

 
١J٥

٤٥٠٠ gal/hאאא،m٣/s=١gal٧٨٥}٣ 
١٠�٣ m٣K 

 
אW 

١ h ١٠�٣ ٧٨٥}٣ m٤٥٠٠ ٣ gal 
١٠�٣ ٧٣١}٤ m٣ Z

٣٦٠٠ s ١ gal h 
 

 

١J٦


אאאW 
١J ٢٥٠ gאlbmK
٢J ٧٠٠ Lft٣K 
٣J ٥٠ g/Llb/ft٣K 
٤J ٤}٢٩ lbm/in٣kg/cm٣K 
٥J ٨٠ mil/hm/sK 
٦J ٤٥ N/m٢lbf/ft٢K 
٧J ١٧ J.mBtu 
٨J ٥ kWJ/sK 
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אW
F١E

g454lb1 m =Q
∴

١ lbm٢٥٠ g 
٥٥١}٠ lb =٤٥٤ g

 
Lft 32.281 3 =Q 

∴
١ ft٣٧٠٠ L 

٧٢}٢٤ ft٣Z
٣٢}٢٨ L 


F٣E

٣٢}٢٨ L١ lbm ٥٠ g 
١٢}٣ lbm/ ft٣Z

١ ft٤٥٤ ٣ g ١L 
 

F٤E
cmin 54.21 =Q

∴ 
١ in٤٥٤}٠ ٣ kg ٤}٢٩ lbm ٨١٤}٠ kg/ cm٣ =

(٥٤}٢ cm)١ ٣ lbm in٣ 
      

F٥E

ftm
ftmil

28.31
52801

=
=Q

∴
١ h ١ m ٥٢٨٠ ft ٨٠ mil

٧٧}٣٥ m/s =٣٦٠٠ s ٢٨}٣ ft ١ mil h 
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F٦E

kglb
smkgN

m 454.01
/.11 2

=
=Q

∴ 
١١ m ١ lbm١ kg.m/s٢٤٥ N 

٩٣٩}٠ lbf / ft٢Z
١٧٤}٣٢ ft. lbm/s٢. lbf ٢٨}٣ ft ٤٥٤}٠ kg ١ N m٢ 

F٧E

ftm
JBtu

28.31
10551

=
=Q

∴
٢٨}٣ ft ١ Btu ١٧ J.m 

= ٠٥٢٩}٠ BtuZ
١ m ١٠٥٥ J  

  
F٨E

hkWJ .10773.21 7−×=Q
∴

١ h  ١ J ٥ kW 
٦١}٥٠٠٨ J/s = ٣٦٠٠ s ١٠�٧ ٧٧٣}٢ kW.h 


١J٧

אאאאW١ L = ١٠٠٠ cm١, ٣ in = ٥٤}٢ cm, ١ ft = ١٢ inL
١ ft٣K
א

١ L (٥٤}٢ cm)٣ (١٢ in)٣١ ft٣ 
٣١٧}٢٨ L Z

١٠٠٠ cm٣ (١ in)٣ (١ ft)٣  


١J٨
אft٣ ٥٠٠ lb١}١ g/cm٣؟US galא 

٤٨١}٧ U.S gal. = ١ ft٣ 



א١١١ אא 
אאאאא

 
 

- ١٢ - 

א
V = m/ρ 

١ ft١ ٣ L cm٣٤٥٤ g٥٠٠ lb 
٢٨}٧ ft٣٢}٢٨= ٣ L ١٠٠٠ cm١}١ ٣ g ١ lb 




אUS gal W
٤٨١}٧ U.S gal٢٨}٧ ft٣ 

٥}٥٤ gal Z
١ ft٣


١J٩

٣}١ g/cm٣א،lbm/ft٣K
Wא


٣٢}٢٨ L ١٠٠٠ cm١ ٣ lbm ٣}١ g 

٠٩}٨١ lbm/ ft٣ Z
١ ft١ ٣ L ٤٥٤ g cm٣ 


١J١٠

١٥ ft/s٢mil/h٢K
אW

(٣٦٠٠ s)١ ٢ mil ١٥ ft 
٣٦٨١٨ mil/ h٢ =

h٥٢٨٠ ٢ fts٢ 


١J١١
L/hgal/minK


אW
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١ h١ gal ٠٢}٦١ in١ ٣ L 
٠٤٤}٠ gal/min =٦٠ min ٢٣ in١ ٣ L h 

١J١٢

٢٠ lbm/(ft٢.min)kg/(m٢.s)K
אW


١ min ١ ft ٢٤٥٤}٠ kg٢٠ lbm ٦٣}١ kg/(m٢.s) =٦٠ s (٣٠٤٨}٠ m)١ ٢ lbm ft٢.min

١J١٣
אא٢ ton٧٠ mil/hאאWJ،

ergs،lbf·ft ،hp·s،W·s،L·atmK
אW

½·m·v٢Zאא

אאW
אW


١٠٠٠ kg٢ ton 

٢٠٠٠ kg =١ ton 
אW


١ h ٣٠٤٨}٠ m ٥٢٨٠ ft ٧٠ mil 

٢٩}٣١ mil/s =٣٦٠٠ s ١ ft١ milh 
 

W 
 ½·٢٠٠٠ kg·(٢٩}٣١ mil/s)١٠٥ ٨}٩ = ٢ kg·mil٢/s٢Zאא

١٠٥ ٨}٩ J= 

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١٠٧ erg ١٠٥ ٨}٩ J 
١٠١٢ ٨}٩ erg Z

١ J 



٧٣٧٦}٠ lbf.ft ١٠٥ ٨}٩ J 

١٠٥ ٢٣}٧ lbf.ft =١ J 


١٠�٣ ٣٤}١ hp.s١٠٥ ٨}٩ J 
١٠٣ ٣١}١ hp.s =١ J 


١ W.s١٠٥ ٨}٩ J 

١٠٥ ٨}٩ W.s Z
١ J 

 
 

١ L.atm ١٠٥ ٨}٩ J 
١٠٣ ٦٧}٩ L.atm Z

٣}١٠١ J 
 

١J١٤
אאW


= ρ٠ + a.Tρ


W
= ρאlbm/ft٣אאT

= ρ٠אlbm/ft٣אאT٠



אאa אאאoF ؟

א
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אאא   lbm/ft٣K
אWlbm/ft٣ = a.T

אאאoFאaW
lbm/(oF .ft٣)


١J١٥

אא??אאאאאW
Re = D.u.ρ/µ

W
DWא
ρWא
uWא
µWא

אאאאאאאWmkg/m٣m/s
؟אא 

 
א

אW
µ = D.u.ρ/Re 

 
kg m m

kg/ s .m Zm٣ s 


١J١٦
אאk  .٣٠ Btu/(h.ft.oF)

אאWcal/(s.m. oC)K
W

١ Btu = ٢٥٢ cal 
١ ft = ٣٠٤٨}٠ m 
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١ h = ٣٦٠٠ s 
١oF = ٥L١  ٩ oC

אW
١ oF١ ft ١ h ٢٥٢ cal ١٧ Btu 

٠٣}٧ cal/(s.m. oC) =٥L٩ oC٣٠٤٨}٠ m ٣٦٠٠ s ١ Btu h.ft.  oF
 


١J١٧

אאאאאאW
h=  ١٧ Cp. G٨}٠/D(١�٢)         ٢}٠ 

 
W

אאאFBtu/(lb.oF) : (Cp
אאאFin : (D

אאlb/( ft٢.s) : (G) 
אאאBtu/(h.ft٢.oF) : (h)


א(١�٢)אאW

h١ = x١ Cp١ G١
٨}٠D١

(١�٣)              ٢}٠  
 

W
אאאFWkcal/(kg.oC) : (Cp١ 

אאאWcm : (D١)
אאWkg/(m٢.s) : (G١) 

אאאWkcal/(h.m٢.oC) : (h١)
 

W
١ kcal = ٩٧}٣ Btu 
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١ m = ٢٨}٣ ft 
١ cm = ٣٩٣٧}٠ in

١ kg = ٢}٢ lbm


אW

אאאאאאאאאא
אאאK
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אאאW 


٩L٥ oF ٢}٢ lb ١ kcal Btu ١ kcal/(kg.oC) Z
١oC١ kg٩٧}٣ Btulb oF

 
WCp = C p١ 

 
אW

١ ft١ ٢ kg lbm ٨٨}٤ kg/(m٢.s) Z
٠٩٣}٠ m٢}٢٢ lbmft٢.s 

  

W
G = ٢٠٥}٠ G١

G٢٨١٥}٠ = ٨}٠ G١
٨}٠



אאאW
٥٤}٢ cm ١ in 

٥٤}٢ cm =١ in 

W
D = ٣٩٣}٠ D١ 

D٨٢٩٩}٠ =٢}٠ D١
٢}٠


אאאW


٩L٥ oF١ ft١ ٢ kcal Btu 

٨٧٥}٤ kcal/(h.m٢.oC) =١oC٠٩٣}٠ m٩٧}٢٣ Btuh.ft٢.oF
W

h= ٢٠٥}٠ h١ 
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אאא (١�٢)W
٢٠٤}٠ h١٧ = ١ Cp

(٢٨١٥}٠)١G١
٨٢٩٩}٠)/٨}٠ D١

٢}٠) 


h٢٧}٢٨ = ١ Cp

١G١
٨}٠/D١

٢}٠ 
١J١٨

FsolutionE٢٠٪אFNaClEאFH٢OKE
Kאkg NaCl/kg H٢O  

.אאE٪Fא  ؟ ٪٥٠א
Kאאאא٢٥א٪؟


אW

K ١٠٠ kg אW 
אאאWx 

אאWy 
W (x)/(x+y) = ٢٠}٠ 

W
x = (٢٠}٠L٨٠}٠)y = ٢٥}٠ y

x/y = ٢٥}٠ kg NaCl/kg H٢O 
 
K

אאאZ٨٠ kg
אא٥٠٪ Z×٨٠ kg - ٨٠ kg  ٤٠ kg = ٥}٠

 אאא٥٠٪אZ٤٠ kg H٢OH٢٠ kg NaClZ٦٠ kg 
אאZ= ١٠٠ × (٦٠ kg/٢٠ kg) ٣٣٪ 

K
٢٥ %אאZ٨٠× ٢٥}٠ kg H٢OZ ٢٠ kg H٢O


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١J١٩
אKאאZ٧٥ %Kא

٨٠٪אZ٦٠٠ kgK
K؟אא

K؟אאא 

א

K
mאאאK

WאאZ٧٥}٠ × m
אאW٧٥}٠ × ٨٠}٠ × m 

אאאW٧٥}٠ × ٢٠}٠ × mZ٦٠٠ kg 
W

m = ٤٠٠٠ = (٧٥}٠ × ٢٠}٠)/٦٠٠ kg 


אאW٧٥}٠ × ٨٠}٠ × ٤٠٠٠ Z٢٤٠٠ kg 
אאאאW٢٥}٠ × m Z١٠٠٠ kg 

אאאאW٢٤٠٠ - ٤٠٠٠  Z١٦٠٠ kg 
K

אא אW (١٠٠٠\١٦٠٠) × ١٠٠ = ٪٥}٦٢ 


١J٢٠
אא(NaCl)א٤٪٥٪K

אW
K ؟אאאא 

K ؟אאא 

א
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K
m١אאm٢  אא

אאאW٠٤}٠ × m١ 
אאW٠٥}٠ × m٢

W٠٤}٠ × m٠٥}٠ = ١ × m٢

אאאW
= ٢٠ = ٢}٠ %(m١ - m٢)/m١ = ١ - m٢/m١

אאאאאW
= ٨٣}٢٠ = ٢٠٨٣}٠ %F(m١ - m٢)/٩٦}٠m١)٠٤١}١ = ١ - m٢/m١

J אאאW 
(m١ - m٢)/ m١ = (١ - m٢/m١) = ٢٠ = ٢٠}٠ %

١J٢١
אFא١٠אL١٠٠א

Eא٢٪K
  كيلو جرام لكل ساعة؟١٠٠٠= احسب كم كيلو جرام ماء يتبخر لكل ساعة إذا كان معدل دخول الورق إلى افف 

א

אאאm١ W ٩١}٩٠ kg = (١٠\١١٠) × ١٠٠٠ 
אאm٢W ١}٩٠٩ kg = (١٠٠\١١٠) × ١٠٠٠ 

אאאm٣W ١٨}١٨ kg =  ١}٩٠٩ × ٠٢}٠ 
אאאm٤W ٧٢}٧٢ kg = ٩١}٩٠ -  ١٨ .١٨ 

אW٧٢}٧٢ kg/h
١J٢٢

١٨JאFµRe = Duρ/E (D = ١ in)אא
u = ٤ ft/sא٦٠ °Fאא

אאWµ = ١}١ cp , ρ = ٩٩٨}٠ kg/m٣K

אאfpsS.IK

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אW
אאא

א
١ ft ١ in 

٠٨٣٣}٠ ft =١٢ in 
  
 
 
 
א


٤ ٣٦٠٠ ft 

١٤٤٠٠ ft/h =١ hrs 

א


(٤٨}٣٠ cm)١ ٣ lb٩٩٨}٠ g
٣٠}٦٢ lb/ft٣ =

ft٤٥٤ ٣ gcm٣ 
 

א
٤٢}٢ lb/(ft. h)١}١ cp 

   ٦٦}٢ lb/(ft.h)=١ cp 
 




٣٠}٦٢ lb١٤٤٠٠ ft ٠٨٣٣}٠ ft 
٢٨١٠٠ =

ft٣h٦٦}٢ lb/(ft.h) 
  

JאS.I 
א
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١ ٠٢٥٤}٠ in 
٠٨٣٣}٠ ft =١ in 

  
א 


٤ ٣٠٤٨}٠ ft 

٢٢}١ m/s = ١ fts 

א


١٠٦ cm١ ٣ kg ٩٩٨}٠ g 
٩٩٨ kg/m١= ٣ m١٠٠٠ ٣ gcm٣ 

  

א
١}٠ N.s/m١}١ ٢ cp 

١٠�٣ ١}١ N.s/m١٠٠=٢ cp 
 




٩٩٨ kg٢٢}١ m ٠٢٥٤}٠ m 
٢٨١٠٠ =

m٣s١٠�٣ ١}١ N.s/m٢

 
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


١J אא ٣٠ in٣٥}٠ inK 
٢J W 

K٥٠ mi/hr  ft/s 
K ٣٠ lb/in٢  kg/m٢ 
K ٧ cm/hr٢  m/s٢

K ١ L/hr         gal/min 
K ١٠ lb/(ft٢.min)      kg/(m٢.s)
K ٥٩ g H٢O        lb mole H٢O 
K٧}١٤ psi  lb/ft٢

K  ١٠٠ °C   K
K٧٠ kg     lb


٣J אאLא٦٠ U.S 

gal/min אאא،٣٥٥}٣ in٢K
٤J ColburnאאW 

(h/Cp.G) (Cpµ /k)٢L٠٢٣}٠ = ٣/( D.G/ µ)٢}٠ 
W

אאאBtu/(lb °F) : Cp 
אlb/(h.ft) : µ  

אאאk :Btu/(h. ft. ° F) 
אft :D 

אlb/(h.ft٢) :G 
אאאאh؟



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
٥JאאW

K ٩٨٧٢١}١ ft٣١٧}٢٨ = ٣ L 
K ١ m٣١٣}٣٥ = ٣ ft٣
K ١ g cm/s٢ (dyn) = ١٠�٥ ٢٣٣٠}٧ lbm.ft/s٢ 
K ١lbf = ٤٤٨}٤ N 
K ١ g cm/s٢ (dyn) = ١٠�٦ ٢٤٨١}٢ lbf 
K ١ psia = ١ lbf/in٢ 
K ١ lbf/ft١٠٢ ٧٨٨٠}٤ = ٢ dyn/cm٨٨}٤٧ = ٢ N/m٢ 
K ١ mm Hg (٠ °C) =١٠٢ ٢٢٤}٣٣}١ N/m١٣٣٣٢٢٤}٠ = ٢ kPa 
K ١ hp = ٥٥٠ ft.lb/s 
K ١ hp = ٧٠٦٨}٠ Btu/s
K ١ J/s = ١ W

K ١ J = ١ N.m = ١ kg.m/s٢
K ١ ft.lbf = ٣٥٥٨٢}١ J 
K ١ ft.lbf/lbm = ٩٨٩٠}٢ J/kg
K ١ Btu/(h.ft.  °F) = ١٠�٣ ١٣٦٥}٤ cal/(s.cm. ° C) 
K ١ Btu/(h.ft.  F) = ٧٣٠٧٣}١ W/( m. K)
K ١ Btu/(h.ft. °F) = ١٠�٤ ٣٥٧١}١ cal/(s.cm٢. °C) 
K ١ kcal/(h.m٢. °F) = ٢٠٤٨}٠ Btu/(h.ft٢. °F) 
K ١cp = ١٠�٣ Pa.s = ١٠�٣ kg/(m.s) = ١٠�٣ N.s/m٢ 

K ١ cp = ١٠�٥ ٠٨٨٦}٢ lbf.s/ft٢١ cm٢/s = ٨٧٥}٣ ft٢/h 
K ١ cm٢/s = ٤-١٠ m٢/s 
K ١ m٢/h = ٧٦٤}١٠ ft٢/h
K ١g/(s.cm٢) = ١٠٣ ٣٧٣٤}٧ lbm/(h.ft٢) 
K ١ g mol/(s.cm٢) = ١٠٣ ٣٧٣٤}٧ lb mol/(h.ft٢) 
K ١ Btu/(h.ft٢) = ١٥٤٦}٣ W/m٢ 
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K ١ cal/h = ١٠�٣ ١٦٢٢}١ W
K ١ Btu/(lbm.° F) = ١٨٦٨}٤ kJ/(kg.K) 
K ١ ft.lbf/lbm = ٩٨٩٠}٢ J/kg 
K ١ cal/(g. °C) = ١٨٦٨}٤ kJ/(kg.K) 

K ١ kcal/(g.mol) = ١٠٣ ١٨٤٠}٤ kJ/(kgmol)
K ١ cm/s = ١٠�٢ m/s 
K ١ ft/h = ١٠�٥ ٤٦٦٨}٨ m/s


٦JאאאאאKא

٤٠٠ mm Hgא،(in H٢O)FkN/m٢E(atm)؟אאא


٧Jאאאאא (CO٢)٥١ psiKא
אאאאאא٢٨א in Hg؟

٨Jאאאא٥א in H٢OאאW
J mm H٢O

aK Pa 
אאאW٧٣٠ mm Hg 


٩Jאאאאאאא٤}٢٥ in Hgא

٧}١٤א psia؟ 
١٠J،אcm٣אא،٨ mm٣ ft؟
١١Jאא٦}١٣ g/cm٣אאאW

Jlb/ft٣   
J kg/m٣

١٢J٢}١ g/cm٣١}٠ Lא٠oC،
٢٥ gאK

J א%)(؟
J אאlb אא١ ft؟٣א 



א١١١ אא 
אאאאא
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Jא%)(؟


١٣Jא .٢٢ °Fא
אאK, °C؟


١٤Jאאא٠� F١٠٠ °Fא،W

JאאאאאאK, °R؟
JאאאאאK, °R؟
JאאאאK, °Rאאאא١٠٠ °FK



א١١١ אא 
אאאאא
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
١٥JW

J(°C))]J T(°F) = ٢[ T(°C) + ١٦٠) ١}٠  
JT(°F) = [٢ T(°C) - ١}٠ ( ٢ T(°C))] + ٣٢ 


١٦Jאא٥ א mil א ٦٠ °Flbf/in٢

אאאא٦٠ °F٠٤٢}١K
 



 

 

 

אאאאאא

 

אאאא  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 





א


א
א




٢



א١١١ אא 
אאאאא
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אא
א،אאאאא

אאאאאאאK

אא
אאאאW

JאאאFא،אא،א،אא،א
אא،א،אאE

JאאאאK


אאאWאא٩٥K٪


אאW٨١٠אK


אאWאאאאאאK

אא
אאאאאW

אא
אא

אאאא
אא





א١١١ אא 
אאאאא
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אFρEDensity
אאK

                 )12(
V
mρ −=           

אאkg/m٣  ,   g/cm١  , ٣bm/ft٣
אאאאאאאאא

אאF٤°CEאW


א א
١٠٠٠ kg/m٣
٠}١ g/cm٣

אא(SI) 

١ ٤}٦٢bm/ft٣ אא


א
١K אאWאאאאK 
٢K אאWאK 
٣K אאWאאאK 

אאSpecific Gravity (S.G)

אFאאEאאא FAE אא
FreferenceKE

)22(.. −=
ref

GS
ρ
ρ

אא،אאאאא(S.G.)א
אKאאאאאאK

אא،אאאKאא
אאאאK



א١١١ אא 
אאאאא
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٢J١

אאאא٥٧}١אאא،
אאK

א

3
m

3
m

A

33A

33A

OHA

OH

A

ft
lb97.9)

ft
lb(62.41.57ρ

cm
g1.57)

cm
g(11.57ρ

m
kg1570)

m
kg(10001.57ρ

ρG.S.ρ

ρ
ρS.G.

2

2

=×=

=×=

=×=

×=

=



אאSpecific Volume (S.V.)
אאא(S.V. = ١/ρ)אאW

ft٣/١bm, cm٣/g, m٣/kg

٢J٢

אאאא٢אJ٢K
א

١ 
אאא =א 



א١١١ אא 
אאאאא
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m

3

3
m

3

3

3
4

3

lb
f0102.0

f
lb97.9

1S.V.

g
cm6369.0

m
kg1.570

1S.V.

kg
m106.369

m
kg1570

1S.V.

t

t

==

==

×== −



אאאא
،אאא

ABאA(x kg)א B(y 
kg)Kאאאא A B (MA kg/mol) (MB kg/mol)

אאא(V m٣)KKאABאא
 VA ,, VBאאK

אאE٪FאWeight (%) 

אאאאא
אאאאW

אA אא(%)
אA 

Z
FאAHאBE

×١٠٠

Kאאאאאאא
אאאאאאא

אאFאאKE
אאאאK

אאE٪FאVolume (%) 

אאאא
אאאאאW



א١١١ אא 
אאאאא
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אA אא(%)
אA 

Z
FאAHאBE

×١٠٠


אאאאאאאאא

א،אא
K

KאאאאאאKא
אאאאK

אאאאאאW

VA  + VB  + ….  =  V        (٢�٣) 

 אאאK
אאאא،אאא

אאK
אאאאאא

אאאאאאא
אאא،א

KKאאאא
אאאאאאאאא

אאאK

٢J٣

א٢١٥ kgא٥٦}٠ ft٣٢٠oCא
אאאאW

4)-(2)2T6100.0078T3100.18182(10V(T)V −×+−×+=

١K אאאאאאא١٠٠.א oC 



א١١١ אא 
אאאאא

 
 

- ٣٢ - 

٢K א٢٥}٠א inאאא،
אא٢٠oC١٠٠ oCK 

א
١K א(٢�٤)

5)-(2)2)100(6100.0078)100(3100.18182(10VC)o(100V −×+−×+=



א١١١ אא 
אאאאא

 
 

- ٣٣ - 



6)-(2)2)20(6100.0078)20(3100.18182(10V3ft560.0C)o(20V −×+−×+==

V٠א٢�٦

7)-(23ft568.0C)o(100V =

٢K אאW 

)82(
4

H2πDV −=

W
DWאK
HWאK

9)-(2

4
2Dπ

C)o(20VC)o(100VC)o(20HC)o(100H −=−

D = (٢٥}٠L١٢) ft 
=     ٥}٢٣ ft

אאאא Mass and Mole Fractions 

א(streams)אאאאאK


אאא(mass fraction, xi)א(mole fraction, yi)א
אאW

אAKg A lbm A אאA
(xA) 

Z
FאאE

F
Kg total 

EF
lbm total

E





א١١١ אא 
אאאאא

 
 

- ٣٤ - 



אAkmol A lb mol A אאA
(yA) 

Z
FאאE

F
kmol total 

EF
lb mol total

E

אאאאxAyA١٠٠  
 אאאאאF١KE


אאאMass and Volumetric Flow Rate 

אאאאKא
אאKאאאא

א(mass flow rate)
وقت
(volumetric flow rate)آتلة

وقت
حجم







אאאאאW

א(m) אא)(m
•

 
א(ρ)Z

א(V) 
Z

א)V(
•

א(Rotameter)א(Orifice meter)K

)(kg/hV

)(kg/hm
•

•
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





 







٢J١FWEאFE

٢J٤

١٥٪אA(xA = ١٥}٠)٢٠٪
אB (yB = ٢٠}٠)KאW
١K אA١٧٥ kg אK
٢K אאAאא٥٣ lbm/hK 
٣K אאBאא١٠٠٠ mol/minK 
٤K אאאאאB٢٥ kmol B/sK 
٥K אא٣٠٠ lbmאAK 


 

א
١K  

١٥}٠ kg A ١٧٥ kg 
٢٦ kg A Z

kg  

)أ( )ب(
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٢K  

٠}٨ lbm A ١٥}٠ lbm A٥٣ lbm 
h

Z
lbm h 

٣K 

٢٠٠ mol B ٢}٠ mol B ١٠٠٠ mol 
min 

Z
mol min 

٤K 

١٤٠ kmol١ kmol ٢٨ kmol B 
s 

Z
٢٠}٠ kmol B s 

٥K 

١lbm ٣٠٠ lbm A
 ٢٠٠٠ lbm Z

١٥}٠ lbm A 


אאאW
אאאאאאאא

אאאאאK
אא٢١٪ ٧٩٪ KKא،אאאאא

אא٢١٪ א٢١٪ K
אאאאא.٢١}٠

٢J٥

אאkg ٠٠}٥kg ٠٠}٥א
(NaOH)KאאאאאאK
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א
אאאxAxBאא،אא

yAyBאאK

אW


0.5
B)kg5Akg(5

Akg5
Ax =

+
=

0.5
B)kg5Akg(5

Bkg5
Bx =

+
= 

אW
   אא(H٢O)FZ١ × ٢H١×١٦ZE١٨L

 אאא(NaOH)FZ٢٣ × ١H١×١٦H١×١ZE٤٠L


٥ kg 
א Z

١٨ kg/mol 
Z٢٧٨}٠ mol 



٥ kg 
א 

Z
٤٠ kg/mol 

Z١٢٥}٠ mol 



٢٧٨}٠ mol ٦٩٩}٠ mol A אא
(yA) 

Z
٤٠٣}٠ total mol 

Z
total mol 



١٢٥}٠ mol ٣١١}٠mol A אא
א 

(yB) 
Z

٤٠٣}٠ total mol 
Ztotal mol 


אאאאא٠}١K

٦٩٩}٠H٣١١}٠Z١
אאאאא٠}١K

٥}٠H٥}٠Z١
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٢J٦
אאא (xA)אא،

٣٣٣}٠אK
א

WyBאא
mA א
mB א
mTא
xAאא

٦٦٧}٠FZ١J٣٣٣}٠ZEyB
kg٦٦}١٠Z٣٣٣}٠×(٣٢ kg/mol) ZmA

kg٣٣}١Z٦٦٧}٠×(٢ kg/mol) ZmB
kg٩٩}١١Z٣٣}١ + ٥٦}١٠  ZmT

 ٨٨٩}٠ kgZ٦٦}١٠L٩٩}١١ Z xA


א(Concentration) 
אאאאאא

אאאKאאW

g/cm٣,   kg/L٣,     lbm/ft٣


אאאאא(L)אא،(ft٣)א،(gal)א،

א(m٣)KאאW
אLK

אLK
אLK

אLK
אLK
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אLK
אאאאאאאא

אKאאK
אאאאא(parts per 

million–ppm)Kאppmאאאאאא
אאK

אW
א(Molarity)JFאLKE

א(Normality)JFאאLKE
א(Molality)JFL١٠٠٠אKE


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٢J٧
א(NaCl)א٢٣٠ kg/m٣אא

٢٠°C א ١١٤٨ kg/m٣  W 
١K אאאK 
٢K אאאK 
٣K אאאK 
٤K אK 

א

אW١ m٣א
W:m١א

:m٢א (NaCl)
:m٣א
:n٢א(NaCl)
:n٣א

: MwאNaCl
W

א(m١)Zρ × V Z (١١٤٨ kg/m٣) × (١ m٣) Z١١٤٨ kg


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W
m٢٣٠ = ٢ kg 

 אW
m٢٣٠   ٢ kg NaCl

(n٢) 
Z

Mw 
Z

٥}٥٨ kg/kmol
Z٣,٩٣kmol

                 

א(m٣) Z٢٣٠ – ١١٤٨ Z٩١٨ kg 

   

٩١٨ kg א
(n٣) 

Z
٠}١٨ kg/kmol

Z٥١ kmol 



א Z٣,٩٣ + ٥١,٠ Z٩٣}٥٤ kmol 

 אא
١K אאא 

٢٣٠ kg NaCl אאא
NaCl 

Z
١١٤٨ kg  

×١٠٠Z٢٠٪ 


٩١٨ kg H٢O 

אא Z
١١٤٨ kg  

×١٠٠Z٨٠٪ 


٢K אאא

אאא٢٠ ° C٩٩٨ kg/m٣

٩١٨ kg    



א١١١ אא 
אאאאא

 
 

- ٤٢ - 

٩١٨ kg    
א Z

٩٩٨ kg /m٣ 
Z٩٢٠}٠  m٣ 


אאא

 
Z٩٢٠}٠  m١× ٣ m٣ Z٩٢ %


٣K אאא

٥١ kmol H٢O
אאאZ

٩٣}٥٤ total mole
×١٠٠Z٨٤}٩٢ %


٩٣}٣ kmol NaCl אאא

NaCl 
Z

٩٣}٥٤ total mole
×١٠٠Z١٦}٧٪

 
٤K א 


١٠٠٠ kg H٢O٢٨}٤ kmol NaCl

א Z٩٣}٣ kmol NaCl ×٩١٨ kg H٢O 
Z

١٠٠٠ kg H٢O 


٢J٨
٦٠ °Fאא(Specific Gravity, S.G)٣٠ %

אFH٢SO٤E٢٢}١K؟אאא
 lb mole/U.S gal .أ

 lb/ft٣ .ب

Kg/L  
אW

K ١٠٠ lb٣٠ %٣٠ lbH٢SO٤א٧٠ lbאH٢OK
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W
א

אFאEZ
א


א א

(ρ)
Z

א



א
אZ

א


٩٨ lb١٦ lb٣٢ lb١ lb

lbmol
 = F

lbmol
+ ( ٤ ×  

lbmol
+

lbmol
 ٢ ×=

א
H٢SO٤




٩٨ lb٣٠ lb
٣٠٦}٠ lbmol=

lbmol
=א


 

א(ρ)٤oCZ٤}٦٢ lb/ft٣
 

 W 

א

א٤oC
=אא 

 (S.G)
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

Fא(٤oC×אא  
(S.G)

=א



١٢٨}٧٦ lb/ft٤}٦٢= ٣ lb/ft٢٢}١ ×٣=א




א

א
=א


 

٤٨١}٧ gal ١٠٠ lb solution 
٨٣}٩ gal= ١ ft٣١٢٨}٧٦ lb/ft٣ 

 
W

٣٠٦}٠ lbmol
٠٣١}٠ lbmol/gal Z

٨٣}٩ gal
=אFאE


.

٤٨١}٧ gal ٠٨}٩٨ lb H٢SO٠٣١١٣}٤٠ lbmol 
H٢SO٤ ٨٤}٢٢ lb H٢SO٤/ft٣Z

١ ft٣١ lb mol H٢SO٤ gal 

 
.

١٥}٣٦٦ g H٢SO٤/L Z ١ ft٣٤٥٤ g ٨٤}٢٢ lb H٢SO٤ 
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  ٣٢}٢٨ L ١ lb١ ft٣ 

אא(Temperature) 
אאאאאאK


אאאW

١K אאא–Thermocouple–אא
אאאאאK 


٢K א–Thermister–אאאא

אאאK 


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٣K א–Pyrometer–אאא
אאאאאK 

 

אאאאאאאאאאK
אאאאFahrenheitoFאCelsius

oCK
אאאאא–אאאאא

אאאאK
א٣٢°F  א٢١٢°Fא

אK
אאאאאאא

KelvinKאאא
אRankineoRKאW

T(K)  = T(oC) + ١٥}٢٧٣
T(oR) = T(oF) + ٦٧}٤٥٩ 
T(oR) = ٨}١T(K)  
T(oF) = ٨}١T(oC) + ٣٢ 

אאאW

١ oC١ oF٨}١ oR٨}١ oC

١ K 
,

١ oR 
,

١ K
,

١ oC 
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٢J٩

١٠٠ °CאאאאW
١K  K
٢K °F 
٣K °R 

א

T(K)  = T(oC) + ١٥}٢٧٣ 
T(oR) = ١٥}٢٧٣ + ١٠٠ = 
T(oR) = ١٥}٣٧٣ K  
T(oF) = ٨}١T(oC) + ٣٢ 
T(oF) = ٨}١ (١٠٠oC) + ٢١٢ = ٣٢ 
T(oF) = ٢١٢oF 
T(oR) = ٨}١T(K) 
T(oR) = ٨}١ (١٥}٣٧٣K)  
T(oR) = ٦٧}٦٧١ °R 

א(Pressure)
א(P)אאW

P = F/A                                                 (٢�١٠) 


١K אאAtmospheric Pressure Wאאאאא
K 

٢K אא Barometric PressureWאא
אאK 

٣K אאAbsolute PressureWאאא
(vacuum)K 
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٤K אGauge PressureWאאאFE
אאFKE 

٥K אאאא–אJ:אאא
אאFKE 

אאW  
N/m٢, dynes/cm٢, lbf/in٢, psi, pascal, ft H٢O, atm, bar, mmHg 

אאFluid Pressure Measurement 

١K (Bourdon gauge)
CKאא

אאאאKאאאא
אאאKאא

(gauge pressure)K 

 
٢K אManometer 

UאFאmanometer 
fluidKEאאא،א

אאאאאאאאK
אאאאאא 

K 



א١١١ אא 
אאאאא
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K אאOpen-end Manometer
אאאאאאאאא

א(atmospheric pressure)K


٢J٢Wא 

K אא Seal-end Manometer 
א(vacuum)אK

K אאDifferential Manometer 
אאK




٢J٣Wא

אFEאאKאא
F٢J٢EאאאאKאאא

אאKאאאא
(Vacuum)K



א١١١ אא 
אאאאא
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אאאKאאא
אאאאאאאא

אאK
אאאאאאאא

אאאאאאא
K

אאאאאK
אאאאFHydrostatic 

balanceEאאאאאאאאא
אאאאאאאKאאא

אאא–א( Vacuum )א–אאא–
אאאא،אאאK

אאאאאאאאא
אK

אאאאא
אאאאא

אאאאאאא
אK

אאאאאאW
אא=אא+אאFאאE

Pabsolute = Pgauge + Patm               (٢�١١) 


אאאאאא
אאאאאאאאFאא

אאEאאK



א١١١ אא 
אאאאא

 
 

- ٥١ - 

אאאאאאא
אאאאאאK

אאאאאאKKא
FאאE٦٩٦}١٤א psi ٧٦٠ mmHg 

١٠°Cאאאאאאאא
אK

אא

אאאאא
אאאאKאא

אW
P١  +   ρ١gd١  =  P٢  +   ρ٢gd٢ +  ρfgh                (٢�١٢)                           

• אאא١א٢ 
א١٢J٢W 

ρ١  =  ρ٢  =  ρf                                       (٢�١٣)


P١  -  P ٢  =  ( ρf  - ρ) g·h                       (٢�١٤)


• אאאאא
א١٠٠٠�١٠٠אא،אρ·g·d

אאאW 
P١  -  P ٢  =  ρf ·g·h                   (٢�١٥)      

                                                  
• אאאW 

P١  -  P ٢  =  h                       (٢�١٦)            
                                                    



א١١١ אא 
אאאאא

 
 

- ٥٢ - 

٢J١٠
אאKאא(S.G.)

א٠٥}١Kא
אKאאא١א٢K

אW
h  = (٣٧٤ -٣٨٢ ) mm = ٨ mm

P١  -  P ٢  =  ( ρf  - ρ) g·h 
=  (٠٠}١ – ٠٥}١) × ٨}٠ × ٩٨٠

=  ٢}٣٩  dynes /cm٢
٢J١١

אאא
א�٢א inאאאinHgאאאאאא
٣٠ inHgK

א
P١   -   Patm    =   �٢ inHg                                                     
P١                 =     Patm    +   Pgaug                                    
                    =  ٢٨    =  ٢  -  ٣٠ inHg                                  

                                        








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


١KאW
• ١אbf١ ٢٥bm 
• אkg٢٥ N 
• אdyne١٠ ton 

 
٢Kאאאא٥٠ m١٥ m٢ mאאא

١ ٥٨bm/ft٣אא١bf


٣Kא١אbm/ft٣אאא٥٤٦}١٣
٢٠ °C אאft٣٢١٥ kg 

٤K אאאאאאK 
٥Kאאאאא

אאW
O١٦    =  ٢ % 
           CO =   ٠}٤ %
  CO١٧    = ٢ %
  N٦٣    = ٢ %

אאאK


٦K אאאW
• ٨٥ °F°R 
• ٤٠ °CK   
• ٨٥ °F °C 
• ٠ �١٠C°F 
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٧KKאאאW


• אאאאP١ -  P٢  ρA، ρB، 

ρC،h١،h٢ 
• אאAאאBאCא

אאאא٣٧}١P٢١٢١ kPah١
٣٠ cmh٢ ٢٤ cmאP١kPa 










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٨KKאאאא
אאא٧٥٦ mmHgא

אmmHgאaאא    . b











 
 

 



 

 

אאאא  

 

אאאא  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 


א


א


٣
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אא
،אאאאאא

אאאאאאאK

אא

אאאאW
١J ،אא 
٢J אאאאאא

K 
 

אאא
אא٩٥٪אאK



אא
١٠١٥אK

אא
אאאאאאK

אא
אאאאאW

אא
אא

אאאא
אא


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אא (Mass Balances) 

אFEא.(System) Wא
א(Feed or input)FאאאאאE،(Product or 

output)FאאאאEא،אא(Accumulation)Fא
אE،א(System boundaries)FאאאאאאE

א٣J١K










٣אJ١Wא




٣אJ٢Wא


  (System) النظام

 الداخل
(Input) 

 الخارج
(Output) 

 
 المتراآم داخل النظام

 حدود النظام
System Boundaries 

المعاد تدويره
(Recycle)

 نقطة التقاء
(Mixing point)نقطة تفرع 

 (Splitting point) 

  (System) النظام

 نقطة تفرع
 (Splitting point) 
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אא(flowchart)
٣אJ٢K

אא(Design)
(Optimizing)KאאA

٥٠٠ g١٠٠٠ g A אBK
אא،אא–J

٢٠٠٠ kg א(S) ،Jאא(Stack gases)
אאאJאאאא

٢٠٠٠ kg K
אאאאFאאאא

אEאאאאאאK
אאאW



J אאK 
J אאJ(Isolated System)JK 



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א
אאאW

אא(Batch Process)W
אאאאא(Feed)אאא

אא(Product)א٣J٣Kאא
אאאאאאK

אאK



٣J٣WאאFEאאאאFאאאKE




٣J٣WאאFEאאאFאאKE


אא(Continuous Process)W

אאאאאא
א٣J٤KאK



 مادة متفاعلة

 ناتج التفاعل
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
٣J٤WאאWאאאK

אא(Semibatch)W
אאK


٣J٥WאאFEאאאא

FאאKE



٣J٥WאאFEאאאא

FאאKE

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אאאא

 
 

- ٥٩ - 


٣J٥WאאFEאאFאאKE


א(Steady-state)W

אאFאא،א،א،א،אאE
אא،אאK

אא(Transient)W
אאF،אא،א،א،א

אאEאא(Unsteady-state)א،
אאא(Start-up)אK

אאא(The General Balance Equation)
אאאאאאאא(System)

W
Aא(lbm/min)m١(Chemical Reactor)
(lbm/min) m٢אא، m١m٢

אא m١m٢אאאW
١K אאאK 
٢K m١.m٢ 
٣K אא A אK 
٤K אאAאאK




 

m١ (lbm/min) m٢ (lbm/min) 



א١١١ אא 
אאאא
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אאאאא،אאאאא
אאאאK 

אאאW

א
א
אא

א

Z


א
אא

א

א
א

א
H


אא

אא
J

א
א

אא
(١)


אאאאאא

(Steady-state)אאא،(١)W

אאא
א

Z
אא

א
(٢)

א(١)אאK

٣J١W
א(٠٠٠}٥٠)(٠٠٠}٥٧)

א(٠٠٠}٢٢)(٠٠٠}١٩)،
אאאאאK

אW
AK

X  
(A/yr)Z٠٠٠}١٩ 

(A/yr)
٠٠٠}٧٥ 
(A/yr)

-
٠٠٠}٢٢ 
(A/yr)

+٠٠٠}٥٠ 
(A/yr)

(٣)

W
X = ٠٠٠}�٢٢ A/yr 

א٠٠٠}٢٢אK



א١١١ אא 
אאאא
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אאאאW
אאאאאאW

١K אאא،אאאאא
אK 

٢K אאאאאאF،א،אא
א…E(Stream)אאא(Input)א(Output)

א(Recycle)K 
٣K א(Basis)K 
٤K F،אBoundariesE(Unit)

אא(Mixing point)(Splitting point)א
(Overall process)K 

٥K אאאאאKא
(Independent equations)אאא

אאKאא
א(Unknowns)אאאאאאאK




٢J٢W
אא٣٥٪ (B)٤١٪ (P)א

(H)K(stream)אא(Distillation column)K
אאJ١٣٧٥ kg/hJא٨٤٪ א(B)

١١٪ א(P)א.(H)אאא٩٢٪
אאאKאאאאאא

אאאK
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א
אאאאאא٣J

٦K


٣J٦

אאא(flowchart)א٣J٧K




٣J٧ 

٣J٢W
W

NaCl= ٢٠ %, NaBr= ٥}٠٪, MgCl٢ =٢٪, H٢O= ٥}٧٧ %. 
אא٥٠ %אאNaClא

אאKאאא١٠٠ kgאW 
J NaClאאאאK 

J MgCl٢אאאK 
J NaBrאאאK 
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J H٢OאאאK 
J F،אאNaClאאא،אKE 
J אאאאאK 
J ،אאאאא؟א








٣J٨WאK٣J٢K


אW
KNaClאאW٢٠}٠ × ١٠٠  Z٢٠ kg

NaClאW٢٠×٥٠}٠  Z١٠ kg 
NaClאאאW١٠ - ٢٠  Z١٠ kg

WNaClאאאאW١٠ + ١٠  Z٢٠ kg
 אאאW٣٠}٠ × ١٠٠  Z٣٠ kg

KMgCl٢אאאW٠٢}٠ × ١٠٠  Z٢ kg 
KNaBrאאאW٠٠٥}٠ × ١٠٠  Z٥}٠ kg
KH٢OאאאW (١٠H٢H٥}٠) �٣٠  Z٥}١٧ kg 
KFאאHNaClאHאאאWE٣٠ + ١٠ + ٦٠  Z١٠٠ kg
KאאW  ٦٠ kg = ٥}١٧ - ٥}٧٧

אאאאאW= ١٠٠ × (٦٠L٥}٧٧) ٤}٧٧ %
KאאאאאW

NaCl = ١٠ kg 
MgCl٢ = ٢ kg

١٠٠ kg 
 محلول ملحي


NaCl = ٣٠٪ 

א 

H٢O 

NaCl=٢٠٪
NaBr=٥}٠٪
MgCl٢=٢٪
H٢O=٧٧ ٥٪
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NaBr = ٥}٠ Kg 
٣J٣W

(١٠٠٠ kg/h) ٥٠٪אFBE٥٠٪אFTEKא
אא٤٥٠א kg/hא

א٤٧٥ kg/hאאא(steady-state)،אאא
אאאאK








٣J٩Wא٣J٣K
אאא،אא

אאW
אא(input)Zא(output) 

KאאW
٥٠٠ kg B/h=٤٥٠ kg B/h + m٢ 

m٥٠=٢ kg B/h 

KאאW
٥٠٠ kg T/h = m١ H٤٧٥ kg T/h 

m٢٥=١ kg T/h 

א 

  ١٠٠٠ kg/h = (٤٥٠ + m١ + m٤٧٥ + ٢ kg/h) 

١٠٠٠ kg/h=١٠٠٠ kg/h 
 

 برج فصل
Distillation column 

٤٧٥ kg T/h 
m٢ (kg B/h)

٤٥٠ kg B/h 
m١ (kg T/h)٥٠٠ kg B/h 

٥٠٠ kg T/h 
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- ٦٥ - 

٣J٤W
אא،אkgא

אK






٣J١٠Wא٣J٤K
אW

אאאאK
אW אFfeedWEm١٠٠ = ١ kg/h


WאאאZאא

KאW١٠٠ = m٢  + m٣
KאEtOHW٨٥}٠ = ١٠٠ × ٣٥}٠ m٠٥}٠ + ٣ m٢
KאH٢OW١٥}٠ = ١٠٠ × ٦٥}٠ m٩٥}٠ + ٣ m٢ 


m٢m٣אFEFWE

W
m٥}٣٧= ٣ kg/h 

m٥}٦٢ = ٢ kg/h 
 m٣/m٣٧٥}٠ = ١ kg/kg feed 
m٢/m٦٢٥}٠ = ١ kg/kg feed

m٣/m٦٠}٠ = ٢


٣J٥W

 برج فصل
 ناتج الفصل

 ٨٥٪ EtOH 
١٥٪ H٢O 

 تغذية
   ٣٥٪ EtOH 

 ٦٥٪ H٢O  

 مخلفات
 ٥٪ EtOH 

٩٥٪ H٢O 

مكثف
m١   

m٢  

m٣  m٤ 
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- ٦٦ - 

٥٠ %(B)٥٠ %(T) Kאא
 (the overhead product)٩٥٪(B)אא،(the 

bottom product)٩٦٪(T)K
אאא١٥٠٠٠ lbm/hאאאא

١٢٠٠٠ lbm/hאאאא
אא،אא.










٣J١١Wא٣J٥K


אW
אW١٥٠٠٠א lbm/h

אWWm٤ , m٣, m٢ 
אW

KאאW
 m١ = m٣ + m٤   

KאFאWE 
m١ + m١٢٠٠٠ = ٢ + m٤ 

m٤- m٣٠٠٠ = ٢ 
KאFאWE   

 ٩٥}٠ m٠٥}٠ - ٢ m(١٢٠٠٠ × ٩٥}٠) = ٤ lbm/h – (١٥٠٠٠ × ٥}٠) lbm/h Z٣٩٠٠ lbm/h

m٢}٧٢٦٣ = ٤ lbm/h

 

 برج  فصل
 ناتج الفصل

 ٩٥٪ B 
٥٪ T 

 تغذية
١٥٠٠٠ lbm/h 

   ٥٠٪ B 
 ٥٠٪ T  

 مخلفات
 ٤٪ B 

٩٦٪ T 

مكثف
m١   

m٤

m٣  

١٢٠٠٠ lbm/h 

m٢ 
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m٢}٤٢٦٣ = ٢ lbm/h 
m٨}٧٧٣٦ = ٣ lbm/h

m٢/m٥٥}٠ = ٣
٣J٦W 

אאאאאאאאא
אm٢, m٣, m٤, m٥)KE


٣J١٢Wא٣J٦K

אW
אא(m٥)א٦}٠ l 

b KNO٣ lb אFאא (٦}١ lb אא
KNO٣ אW

OH

KNO

x

x

2

3

6.1
1625.0

6.1
6.0375.0

==

==



 m٢ m٤W
Kאא)אאAE

١٥٠٠٠ = m٤ + m(١)      ٢ 

 

 مبخر

  H٢O 

محلول مشبع
 ٠٫٦ lb 
KNO /lb

m٥ 

m٢

m٣

m

 

 رمبلو

١٥٠٠٠ kg/h
٢٠٪ KNO٣ 

٥٠٪KNO٣ 

H٢O ٪٤+ بلورات 

(A)

(B)
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KאKNO٣ W
٩٦}٠ = ١٥٠٠٠ × ٢}٠ × m(٢)       ٤

א(١) (٢)W
Wm٤Z ٣١٢٥ lb/h 

m٢Z١١٨٧٥ lb/h  
m٣אא)אא(BW

m٣ = m٤ + m(٣)      ٥
אKNO٣ אW

٥}٠ m٩٦}٠ = ٣ m٣٧٥}٠ + ٤ m(٤)        ٥
א(٣) (٤)W

Wm٤٧٦٨ = ٣ lb/h 
m١٦٤٣ = ٥ lb/h

٣J٧W
אאאאאא(i-C٥H١٢)א

א(n-C٥H١٢)אKאאאK











٣J١٣Wא٣J٧K


برج 
الايزوبنتان

m٥ 

m٢

m٣

m٤ 
٨٠٪ n-C٥H١٢ 
٢٠٪ i-C٥H١٢ 

 

فصѧѧѧѧѧѧѧѧѧѧѧѧل
 البيوتان

 التيار الجانبي
 i-C٥H١٠٠  ١٢٪ 

إلى مصنع الوقود 
 الطبيعي

m١  

m٦

٩٠٪ n-C٥H١٢
١٠٪ i-C٥H١٢

تغذية خالية من 
 بيوتانال

n-C٥H١٠٠  ١٢٪ 
 



א١١١ אא 
אאאא
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אW
אWm١٠٠=١ kg/h

אאאאFאאWE
١٠٠ kg/h = m٥ + m(٥)    ٦

אn-C٥H١٢W
٨}٠ (١٠٠ kg/h) = ٩}٠ (m٥)   (٦)

W
m٨٩ = ٥ kg/h 
m١١ = ٦ kg/h

אאFאאWE
m١١ + ٤ kg/h Z m(٧)    ٢ 

אn-C٥ H١٢אW
٨}٠ (m٢) = m(٨)     ٤ 

W
m٥٥ = ٢ kg/h
m٤٥ = ٣ kg/h
m٤٤ = ٤ kg/h


٣J٨W

٦٠ %א(H٢SO٤)אH٢SO٤
 ٢٨ %٩٦ %K؟אאא

אW




٣J١٤Wא٣J٨K

m١ 
٢٨٪ H٢SO٤ 

m٢ 
٩٦٪ H٢SO٤ 

m٣ 
٥٠٪ H٢SOخلاط ٤ 

mixer 



א١١١ אא 
אאאא
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אW١٠٠ g/min ٢٨٪ H٢SO٤ 
אא

Wm٢ m٣אאאאW
K אFאאWE

١٠٠ = m٢ + m(٩)      ٣ 
KאאW

(١٠٠ × ٧٢}٠)g/min + ٠٤}٠ (m٢)  = ٥٠}٠ (m٣)  (١٠) 


א(٩)(١٠)W
m٨٣}٤٧  = ٢ g/min
m٨٣}١٤٧ = ٣ g/min


٣J٩W

אאאא٥}٥ %א
 ١٠٠٠ lbא٨٪K

אW
אאW








٣J١٥Wא٣J٩K

אW١٠٠٠ lb ٨٪אK
m١m٢אאK



  نتروسيليلوز ٪٥٫٥
m١ (lbm) 

  نتروسيليلوز ٪٨
١٠٠٠ lbm 

  نتروسيليلوز جاف 
m٢ (lbm) 



א١١١ אא 
אאאא
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אאW
KאFWE

m١ + m١٠٠٠ = ٢ lbm     (١١) 
KאאW

٩٤٥}٠ (m١) = ١٠٠٠ × ٩٢}٠ lbm   (١٢) 
א(١١) (١٢)،W

m٥}٩٧٣ =١ lbm

m٥}٢٦ =  ٢ lbm


٣J١٠W

אא،אאאאאm١ m٢K





٣J١٦Wא٣J١٠K

אW
אW١٠٠ g/sאאאK

אא(m١, m٢)
KאW

m١ + m١٠٠ = ٢ g/s     (١٣) 
KאאW

٠٥}٠ m٠ + ٢ m١ = (٦٢}٠ g/s)    (١٤) 
א(١٣) (١٤)،W

m٦}٨٧ = ١  g/s
m٤}١٢= ٢  g/s


 ماء

m١ (g) ماء محلول  ٪٠٫٦٢ 
 ملحي

  محلول ملحي ٪٥
m٢ (g) 



א١١١ אא 
אאאא
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٣J١١W
א١٢٠٠ lb Ba(NO٣)٢٩٠ °C،א

א٢٠ °Cאא٦}٨ g/١٠٠٠g H٢OK
K אאאאBa(NO٣)٢٩٠ °C،אאא٢٠ 

°C؟
K אאאאBa(NO٣)٢٩٠ °Cאאא،٢٠ 

°Cא،١٠ %٩٠ °C؟ 
K אאאאBa(NO٣)٢٩٠ °Cאאא،٢٠ 

°C،٥ %אאא
٥ %؟א 

 
אW

אW١٢٠٠ lbBa(NO٣)٢

אאא Ba(NO٣)٢K
אאF°CE אאFlb/١٠٠ lb H٢OE 

٦}٣٠ ٩٠
٦}٨ ٢٠ 

K א١٢٠٠ lbאW
١٠٠ × (١٢٠٠L٦}٣٠) = ٦}٣٩٢١ lb H٢O   (١٥) 

אאא٥٧}٣٩٢١ lb٢٠ °CW
٦}٨ × (٦}٣٩٢١L١٠٠) = ٢١}٣٣٧ lb   (١٦) 

אאאW
٧٥}٨٦٢ = ٢١}٣٣٧ -  ١٢٠٠ lb     (١٧) 

Kאא١١٠ %٩٠ °CK 
٧٣}٤٣١٣ = ٦}٣٩٢١ × ١}١ lb      (١٨)

אאא٧٣}٤٣١٣ lb٢٠ °CW
٦}٨ × (٧٣}٤٣١٣L١٠٠) = ٣٧١ lb    (١٩) 

אאאW



א١١١ אא 
אאאא

 
 

- ٧٣ - 

٨٢٩  = ٣٧١ -  ١٢٠٠ lb      (٢٠) 
 
KאאאW

٤٤ = ٧٤}٨٦٢ × ٠٥}٠ lb      (٢١) 
אאW

٤١٦١ = ٤٤ + ٠٥}١ × ٦}٣٩٢١ lb     (٢٢)
א(Recycle) 

אאאאFאאא
אWE
A → B

אאAא،אA
אKאאAאאא

(recycle)אאאAאK
אאאאאW

١K אאא(Recovery of catalyst) 
אאאאא

אא،אאאאא
K 

٢K א(Dilution of a process stream) 
אא–-(Filter)

(a suspension of solid in a liquid)אא،א
אאKאאא

אא(filtrate)אאאK 
٣K אאא(Control of a process variable) 

א،אאאאא
אאא–אאא

אJאאאאאא
א
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
 










٣J١٢W
٨٠ mole% א(C٢H٤O)  ٢٠ mole% א

F٣אJ١٧EאאW

)24(H2CO2O
2
5OHC

)23(OHCO
2
1OHC

22242

242242

+→+

→+


א(C٢H٤O) אאKאאא
٤٠א٪אאאאאKאא

אא(multiple-unit separation process)א
אW٨٤٪אאא،א

אאא(CO٢)אא،
אKאאאאאאאW

 مفاعل
Reactor 

 فصل
Separation

 Recycleإعادة تدوير  
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(label)אא(flowchart)K 
אאאאאK

אאאאK
אאאאK

אאK
אאאא





٣J١٧W٣J١٢K

אW
١K אאF٣אJ١٧EאאאW






٣J١٧W٣J١٢K
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
٢K אW١٠٠אאאאK 
٣K אאאF

אEאאאF٣אJ١٨WE 
 

 


٣J١٨Wאא٣J١٢K


)35(1002.0
)34(4244

)33()4.01(1008.0
)32(84.0
)31(2441008.04
)30(22)22.08.0(100
)29(222
)28(
)27(221008.02
)26(1008.0
)25(22

52

8751

4

49

754

7654

867521

984

654

91

561

×=
++=
−××=

=
++=××

+++=×+×
+++=+

+=
++=××

×=+
+=

nn
nnnn

n
nn

nnn
nnnn

nnnnnn
nnn

nnn
nn

nnn



א٢٥J٣٥אאW
n٦٨}٣٩ = ١ mol 

n٣٠ = ٥ mol 
n٤ = ٦ mol 
n٤ = ٧ mol 
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n٦٨}٧ = ٨ mol 
n٣٢}٤٠ = ٩ mol 

n٢٠ = ٢ mol 
n٤٨ = ٤ mol 

 

 



٣J١٩W


٣J١٩W٣J١٩K

J אאאB؟
J D؟ 
J ؟אאאאאא 
א

אW١٥٠٠ lb/h
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BDאאאW
B + D = ١٥٠٠ lb/h      (٣٦) 

٠٥٢٥}٠ × B + ٥١٠�٤ × D = ١٥٠٠×٠٣١}٠ lb/h  (٣٧) 


א(٣٦) (٣٧)W
B = ٨٨٨ lb 
D = ٦١٢ lb 

CRאאW
١٥٠٠ + R = C       (٣٨) 

٠٥٢٥}٠ + ١٥٠٠×٠٣١}٠× R = ٠٤}٠ × C   (٣٩) 
J C = ٢٥٨٠ lb

R = ١٠٨٠ lb
٣J٢٠

אאאאאאאאPRK








٣J٢٠W٣J٢٠K


אNaCl KCl H٢O 

F ١٠}٠٨٧}٠ ٠٣}٠ 
P ٦١٦}٠ ٢١٦}٠ ١٦٨}٠ 
R ٦٨٨}٠ ١٢٣}٠ ١٨٩}٠ 
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א

kg/h W١٠٠אWא
אW

JאW
٨٧ = ١٠٠ × ٨٧}٠ kg/h = W

Jא
١٠ = ١٠٠ × ١٠}٠ kg/h = N

JאW
٣ = ١٠٠ × ٠٣٠}٠ kg/h = K 

PRאאW
JאW

P = R + K = R + ٣ 
JאאW

(١٦٨}٠) P = (١٨٩}٠) R 
אW

P = ٢٧ kg/h
R = ٢٤ Kg/h



٣J٢١W
אאאא٣אJ٢١אאאW

J אאF١١٠ °FE
JאאאאאF°F٦٠E
J אאאאאאאאאאK


 



n٢ 

 مكثف
Condenser

١١٠ oF 
Pw = ١٫٢٧٥ 
psia 

 ماء
٦٠ oF 
Pw = 
٠٫٢٥٦٥ 
psia

n١ n٣ n٥ n٤ 
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



٣J٢١W٣J٢١K

אאFF°EאFpsiaE 
٦٠٢٧٤٨}١ 

٢٥٦}٠ ١١٠ 


אאW٧}١٤ psia 

א
אW١٠٠ moleא

١JאאאK
٢Jאאאאאאאא

אאאאאאאK


J

mole dry air١٨ lb H٢O ٢٧٤٨}١ mole H٢O 

٢٩ lb dry air mole H٢O (٢٧٤٨}١ -٧}١٤) mole dry 
air 

 = ٠٥٩}٠ lb H٢O/lb dry air  
 
J

mole dry air١٨ lb H٢O ٢٥٦٣}٠ mole H٢O 

٢٩ lb dry air mole H٢O (٢٥٦٣}٠ -٧}١٤) mole dry 
air 

 = ٠١١}٠ lb H٢O/ lb dry air
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JnאאyאאאFmole dry airL mole H٢OE


١JאאאאW
n١(١ - y١) = n٣(١ - y٣) 

אW
n٧}٩٦ = ٣ mole air 

W
n١٠٠ = ١ mole 

y٠٥٩}٠ = ١ mole H٢O/ mole dry air 
y٠٢}٠ = ٣ mole H٢O/ mole dry air 

٢JאFאEאאאאא
n٣ = n٥ + n٢ 

n٣y٣ = n٥ y٥+ n٢y٢
W

y٢ = y٠٥٩}٠ = ١ mole H٢O/ mole dry air 
y٠٢}٠ = ٣ mole H٢O/ mole dry air 

y٠١١}٠ = ٥ mole H٢O/ mole dry air
אW
n٣}١٨ = ٢ mole air 
n٤}٧٨ = ٥ mole air

n٢/n١٨٣}٠ = ١ 
 



א١١١ אא 
אא
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אא


١J א?אא?
،א١٩٨٥א،

٢- David M. Himmelblau, "Basic Principles and Calculation in Chemical 
Engineering",, ٦th Edt. Printice Hall International Series, ١٩٩٥, USA 

٣- Nicholas P. Chopey, "Handbook of Chemical Engineering Calculations", 
٢nd Edt., ١٩٩٤, McGraw-Hill International Editions, USA 

٤- Olaf. A. Hougen, Kenneth M.Warson and Roland A. Ragatz, chemical 
Process Principles, Material and Energy Balances, ١٩٦٨, Wiley & Sons, 
USA 

٥- Reid R.C, Prausnitz J.M, Sherwood T.K, The Properties of Gases and 
Liquids, ٤th Edt. , McGraw-Hill International Editions, ١٩٩٧, USA 

٦- Perry R.H, Chilton C.H, Chemical Engineer’s Handbook, ٧th Edt., 
McGraw-Hill International Editions,١٩٩٨, USA 

٧- Richard M. Felder, Ronald W. Rousseau, Elementary Principles of 
Chemical Processes, ٣rd Edt., J. Wiley & Sons, ٢٠٠٠, USA 

٨- Glyn J. Advanced Modern Engineering Mathematics, ٢nd Edt. Addison-
Wesley, ١٩٩٩, USA 
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

אאאאאא

אאFאEא
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