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אאא 
 Kאאא

אאאאאW 
3،א20،110K 

א٣٢٠١١٠אאאKא
،אאאאאאא

אאF
الزمن
FאF٣E،אE،طول

الزمن
FאE،حجم

طول
آتلة
3

E،

אאF
الزمن

EKمول او آتلة 

אאאאאKא
אאאK 

8 cm -6 cm = 2 cm 
אW 

8 m -6 cm = ? 
אאW 

3
3 kg/m0.5

m10
kg5

=N.m20m5N4 =× 

 
3

m4
m12
=FאE 

 

אאW 
 אאאאאאאK

 km/h  ft/min  .m/yrאאאאא
K 

 
 

kg/s16)
s

m(2)
m
kg

(8
3

3
=×
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אאW 
 אאאאא

אW 
אא
אא

 
 55 km  mאW 

 

          (1-1)m5000)
km1

m1000(km)(5 =× 

אא1000 m/1 kmK 

א(1-1)W 

1000 m 5 km 
1 km  

=500 m 

1-1 
  1 cm/s2km/yr2 

 
 
 

29
232 km/yr109.95

yr
km

)10(10
365)24(3600

×=
×
××

= 

 

1 km 1 m 3652 day2242 h2 3600 s2 1 cm 
1000 m100 cm 12 yr2 12 day2 12 h2 s2 
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אאW 
אאאW،אא،א،אא،א،א،א 

א. 
אאאWאZ24،אZ60،אZ60א،Z1000

א،Z100،Z10Kאאא
אאKאאא24אא86400

K 
אאאWאאא،א

אKKKאאאאא
Fm3, (ft/min, lbm.ft/s2, kg.m/s2 K 

 
١ J٢Wאאאאאאא(SI) 

א א א 
אא

א 

א(Volume)(liter) L m3٠٠١}٠ 
1000 cm3 

א(Force) 
(Newton)

א(dyne) 
N 

dyne 
1 kg·m/s2 
1 g.cm/s2 

א(Pressure) 
(Pascal) 

Pa 1 N/m2 

א،א
(Energy, work) 

(Joule) J 1 N·m 

א(Power) א(watt) W 1 J/s 
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אאא 
אאאFSIE 

אאאאאא١ J٢ 

١ J٢Wאאא 
 

א א א 

א  m 

א א kg 

א  s 

א א mol or g-mole 

אא א K 

 
אאא 
אאאאאאאא

١ J٣W 

١ J٣Wאאא 
א א א 

א א ft 

א  lbm 

א א s 

א  lb-mole 

אא א oR 
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١א J٤אאאאW 
١ J٤Wאאא 

א א א 
(nano) n10-9 

(micro) µ10-6 

(mili) m 10-3

(centi) c 10-2 
(kilo) k١٠٣ 

(mega) M١٠٦ 
(giga) G١٠٩ 

א(tera) T١٠١٢ 

אא 
 אאאאא(F = 
m·a)،F אm אa אKאאkg·m/s2

g·cm/s2lb·ft/s2(N)(lbf)K 

١ J٢ 

K אאא(N)10 kg .25 m/s2 

K אאא(lbf)10 lbm .25 ft/s2 

אW 

K 

W   אZא×א 
F = m·a 
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W   

250 N Z1 N 25 m 10 kg ZF 
1 kg·m/ s2 s2  

K 

W  lbf ≡ 32.174 lbm·ft/s2 

W  

7.77 lbf Z1 lbf 25 ft  10 lbmZF 
32.174 lbm·ft/ s2 s2  

א 

אאאאאא(g)(N)
(lbf)KW 

W = m·g 

١ J٣W 

2  א ft3 62.4 lbm/ft3 אא
.32.139 ft/s2  

אW 

אW  m = ρ · V 

124.8 lbm =
2 ft362.4 lbm = m  ft3

 
W 

W = m·g 
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אW 
 

124.7 lbf =
1 lbf 32.139 ft124.8 lbm = W 32.174 ft/ s2s2  

 
אW 

 אא??אאK
אאא،F (6.02×1023

אאאאאא
K 

אאאאאאאא٠١٢}٠
K 

אW 

אZ
א 

א
 

אZg ،kg،lbm 

אZg/g-mol،kg/kmol،lbm/lb-mol 
 

١ J٤ 
 4 lbm א(NaOH)FאZ40 lbm/lbmolKE 

אlbmolgmolא؟א 

א 

אlbmol 
 

0.1 lbmol NaOH Z1 lbmol NaOH 4.00 lbm NaOH 
40.0 lbm NaOH  
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אgmolW 

 

45.4 gmol NaOHZ 454 gmol1 lbmole NaOH 4.00 lbm NaOH
1 lbmol40.0 lbm NaOH  

 
1 J5 

4500 gal/hאאא،m3/s=1gal3.785 
10-3 m3K 

 
אW 

4.731 10-3 m3Z1 h 3.785 10-3 m3 4500 gal 
3600 s 1 gal h 

 
  

١ J٦ 
 

אאאW 
١ J 250 gאlbmK 
٢ J 700 Lft3K 
٣ J 50 g/Llb/ft3K 
٤ J 29.4 lbm/in3kg/cm3K 
٥ J 80 mil/hm/sK 
٦ J 45 N/m2lbf/ft2K 
٧ J 17 J.mBtu 
٨ J 5 kWJ/sK 
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אW 
F١E 

g454lb1 m =Q 
∴ 

0.551 lb =
1 lbm 250 g 
454 g  

 
Lft 32.281 3 =Q 

∴ 
24.72 ft3 Z1 ft3 700 L 

28.32 L  
           

F٣E 

3.12 lbm/ ft3Z28.32 L1 lbm 50 g 
1 ft3 454 g 1L 

 
F٤E 

cmin 54.21 =Q 
∴ 

0.814 kg/ cm3 =1 in3 0.454 kg 29.4 lbm 
(2.54 cm)3 1 lbm in3 

      
F٥E 

ftm
ftmil

28.31
52801

=
=Q 

∴ 
35.77 m/s =1 h 1 m 5280 ft 80 mil

3600 s 3.28 ft 1 mil h 
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F٦E 

kglb
smkgN

m 454.01
/.11 2

=
=Q 

∴ 

0.939 lbf / ft2Z11 m 1 lbm 1 kg.m/s245 N 
32.174 ft. lbm/s2. lbf 3.28 ft0.454 kg1 N m2 

F٧E 

ftm
JBtu

28.31
10551

=
=Q 

∴ 
= 0.0529 BtuZ3.28 ft 1 Btu 17 J.m 

1 m 1055 J  
  

F٨E 
hkWJ .10773.21 7−×=Q 

∴ 
5008.61 J/s = 1 h  1 J 5 kW 

3600 s 2.773 10-7 kW.h 
 

١ J٧ 
אאאאW1 L = 1000 cm3 ,1 in = 2.54 cm, 1 ft = 12 inL

1 ft3K 
א 

28.317 L Z1 L (2.54 cm)3 (12 in)31 ft3 
1000 cm3 (1 in)3 (1 ft)3  

 
1 J8 

אft3 500 lb1.1 g/cm3؟US galא 
7.481 U.S gal. = 1 ft3 
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א 
V = m/ρ 

7.28 ft3 =
1 ft3 1 L cm3454 g500 lb 

28.32 L 1000 cm3 1.1 g 1 lb  
 
 

אUS gal W 

54.5 gal Z7.481 U.S gal 7.28 ft3 
1 ft3  

 
1 J9 

1.3 g/cm3א،lbm/ft3K 
Wא 

 

81.09 lbm/ ft3 Z28.32 L 1000 cm3 1 lbm 1.3 g 
1 ft3 1 L 454 gcm3 

 
١ J١٠ 

15 ft/s2mil/h2K 
אW 

36818 mil/ h2 =(3600 s)2 1 mil 15 ft 
h2 5280 ft s2 

 
١ J١١ 

L/hgal/minK 
 

אW 

0.044 gal/min =1 h1 gal 61.02 in31 L 
60 min 23 in31 L h 
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١ J١٢ 

20 lbm/(ft2.min)kg/(m2.s)K 
אW 

 

1.63 kg/(m2.s)=1 min 1 ft 2 0.454 kg20 lbm 
60 s (0.3048 m)21 lbm ft2.min

١ J١٣ 
אא2 ton70 mil/hאאWJ،

ergs،lbf·ft ،hp·s،W·s،L·atmK 
אW 

½·m·v2Zאא 

אאW 
אW 

 

2000 kg =
1000 kg2 ton 

1 ton  
אW 

 

31.29 mil/s=1 h 0.3048 m5280 ft 70 mil 
3600 s 1 ft 1 milh 

  
W 

 ½·2000 kg·(31.29 mil/s)2 = 9.8 105 kg·mil2/s2Zאא 
9.8 105 J= 

 

9.8 1012 erg Z107 erg 9.8 105 J 
1 J  
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7.23 105 lbf.ft =
0.7376 lbf.ft 9.8 105 J 

1 J  
 

1.31 103 hp.s =
1.34 10-3 hp.s9.8 105 J 

1 J  
 

9.8 105 W.s Z1 W.s 9.8 105 J 
1 J  

 
 

9.67 103 L.atm Z1 L.atm 9.8 105 J 
101.3 J  

 
١ J١٤ 

אאW 
 

= ρ0 + a.Tρ 
 

W 
= ρאlbm/ft3אאT 

= ρ0אlbm/ft3אאT0 

 

אאa אאאoF ؟ 

א 

אאא   lbm/ft3K 
אWlbm/ft3 = a.T 

אאאoFאaW 
lbm/(oF .ft3) 
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١ J١٥ 
אא??אאאאאW 

Re = D.u.ρ/µ 
W 

DWא 
ρWא 
uWא 
µWא 

אאאאאאאWmkg/m3m/s
؟אא 

 
א 

אW 
µ = D.u.ρ/Re 

 

kg/ s .m Zkg m m 
m3 s  

 
١ J١٦ 

אאk  .30 Btu/(h.ft.oF) 
אאWcal/(s.m. oC)K 

W 
1 Btu = 252 cal 
1 ft = 0.3048 m 

1 h = 3600 s 
1oF = 5/9  1 oC 

אW 

7.03 cal/(s.m. oC) =1 oF1 ft 1 h 252 cal 17 Btu 
5/9 oC0.3048 m 3600 s1 Btu h.ft.  oF
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1 J١٧ 
אאאאאאW 

h=  17 Cp. G0.8/D0.2         (1-2) 
 

W 
אאאFBtu/(lb.oF) : (Cp 

אאאFin : (D 
אאlb/( ft2.s) : (G) 

אאאBtu/(h.ft2.oF) : (h) 
 

א(1-2)אאW 
h1 = x1 Cp1 G1

0.8D1
0.2              (1-3)  

 

W 
אאאFWkcal/(kg.oC) : (Cp1 

אאאWcm : (D1) 
אאWkg/(m2.s) : (G1) 

אאאWkcal/(h.m2.oC) : (h1) 
 

W 
1 kcal = 3.97 Btu 

1 m = 3.28 ft 
1 cm = 0.3937 in 

1 kg = 2.2 lbm 
 

אW 
אאאאאאאאאא

אאאK 
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אאאW 
 

1 kcal/(kg.oC) Z9/5 oF 2.2 lb 1 kcal Btu 
1oC1 kg 3.97 Btulb oF 

 
WCp = C p1 

 
אW 

4.88 kg/(m2.s)Z1 ft2 1 kg lbm 
0.093 m22.2 lbm ft2.s 

  

W 
G = 0.205 G1 

G0.8 = 0.2815 G1
0.8 

 

אאאW 

2.54 cm =2.54 cm 1 in 
1 in  

W 
D = 0.393 D1 

D0.2= 0.8299 D1
0.2 

 
אאאW 

 

4.875 kcal/(h.m2.oC) =9/5 oF1 ft2 1 kcal Btu 
1oC0.093 m23.97 Btuh.ft2.oF

W 
h= 0.205 h1 

אאא (1-2)W 
0.204 h1 = 17 Cp

1(0.2815)G1
0.8/(0.8299 D1

0.2) 

 
h1 = 28.27 Cp

1G1
0.8/D1

0.2 
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١ J١٨ 
FsolutionE20٪אFNaClEאFH2OKE 

K אkg NaCl/kg H2O  
.אאE٪Fא  50% ؟א 
K אאאא25א٪؟ 

 
אW 

K 100 kg אW 
אאא Wx 

אאWy 
 W (x)/(x+y) = 0.20  

W 
x = (0.20/0.80)y = 0.25 y 

x/y = 0.25 kg NaCl/kg H2O 
 
K 

אאאZ80 kg 
אא50% Z×80 kg - 80 kg  40 kg = 0.5 

 אאא50%אZ40 kg H2OH20 kg NaClZ60 kg 
אאZ= 100 × (60 kg/20 kg) 33% 

K 
25 %אאZ0.25 ×80 kg H2OZ 20 kg H2O 

 
١ J١٩ 

אKאאZ75 %Kא
80%אZ600 kgK 
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K ؟אא 
K؟אאא 

א 

K 
mאאאK 

WאאZ0.75 × m 
אאW0.80 × 0.75 × m 

אאאW0.20 × 0.75 × mZ600 kg 
W 

m = 600/(0.20 × 0.75) = 4000 kg 
 

אאW4000 × 0.80 × 0.75 Z2400 kg 
אאאאW0.25 × m Z1000 kg 

אאאאW4000 - 2400  Z1600 kg 
K 

אא אW 62.5% = 100 × (1600\1000)  
 

١ J٢٠ 
אא(NaCl)א4%5%K 

אW 
K ؟אאאא 

K ؟אאא 

א 

K 
m1אאm2  אא 

אאאW0.04 × m1 
אאW0.05 × m2 
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W0.04 × m1 = 0.05 × m2 

אאאW 
= 0.2 = 20 %(m1 - m2)/m1 = 1 - m2/m1 

אאאאאW 
= 0.2083 = 20.83 %F(m1 - m2)/0.96m1 = 1.041(1 - m2/m1 

 J אאאW 
(m1 - m2)/ m1 = (1 - m2/m1) = 0.20 = 20 % 

 
١ J٢١ 

אFא10אL100א
Eא2%K 

  كيلو جرام لكل ساعة؟ ١٠٠٠= احسب كم كيلو جرام ماء يتبخر لكل ساعة إذا كان معدل دخول الورق إلى افف 

א 

אאא m1  W 90.91 kg = 1000 × (110\10)  
אא  m2 W 909.1 kg = 1000 × (110\100)  

אאא m3 W 18.18 kg =  0.02 × 909.1  
אאא m4 W 72.72 kg = 18. 18  - 90.91  

אW72.72 kg/h 
١ J٢٢ 

 
١٨ JאFµRe = Duρ/E (D = 1 in)אא

u = 4 ft/sא60 °Fאא
אאWµ = 1.1 cp , ρ = 0.998 kg/m3K 

אאfpsS.IK 
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אW 
אאא 

א 

0.0833 ft =1 ft 1 in 
12 in  

  
 
 
 
א 

 

14400 ft/h =3600 4 ft 
1 hr s 

א 
 

62.30 lb/ft3 =(30.48 cm)3 1 lb0.998 g
ft3 454 g cm3 

 

א 

   2.66 lb/(ft.h)=2.42 lb/(ft. h)1.1 cp 
1 cp  

 
 

 

28100=62.30 lb14400 ft 0.0833 ft 
ft3h 2.66 lb/(ft.h) 

  
 JאS.I 

א 

0.0833 ft =0.0254 1 in 
1 in  
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א 
 

1.22 m/s = 0.3048 4 ft 
1 fts 

א 
 

998 kg/m3=106 cm3 1 kg 0.998 g 
1 m3 1000 gcm3 

  

א 

1.1 10-3 N.s/m2=0.1 N.s/m21.1 cp 
100 cp  

  
 

 

28100=998 kg1.22 m 0.0254 m 
m3s1.1 10-3 N.s/m2
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١ J אא 30 in0.35 inK 
٢ J W 

K 50 mi/hr   ft/s 
K  30 lb/in2   kg/m2 
K  7 cm/hr2   m/s2 

K 1 L/hr         gal/min 
K 10 lb/(ft2.min)      kg/(m2.s) 
K 59 g H2O        lb mole H2O 
K 14.7 psi    lb/ft2 

K   100 °C   K 
K 70 kg     lb 

 
٣ J אאLא60 U.S 

gal/min אאא،3.355 in2K 
٤ J ColburnאאW 

(h/Cp.G) (Cpµ /k)2/3 = 0.023/( D.G/ µ)0.2 
W 

אאאBtu/(lb °F) : Cp 
אlb/(h.ft) : µ  

אאאk :Btu/(h. ft. ° F) 
אft :D 

אlb/(h.ft2) :G 
אאאאh؟ 
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٥ J אאW 

K 1.98721 ft3 = 28.317 L 
K 1 m3 = 35.313 ft3 
K 1 g cm/s2 (dyn) = 7.2330 10-5 lbm.ft/s2  
K 1lbf = 4.448 N 
K 1 g cm/s2 (dyn) = 2.2481 10-6 lbf 
K 1 psia = 1 lbf/in2 
K 1 lbf/ft2 = 4.7880 102 dyn/cm2 = 47.88 N/m2 
K 1 mm Hg (0 °C) =1.33.224 102 N/m2 = 0.1333224 kPa 
K 1 hp = 550 ft.lb/s 
K 1 hp = 0.7068 Btu/s 
K 1 J/s = 1 W 

K 1 J = 1 N.m = 1 kg.m/s2 
K 1 ft.lbf = 1.35582 J 
K 1 ft.lbf/lbm = 2.9890 J/kg 
K 1 Btu/(h.ft.  °F) = 4.1365 10-3 cal/(s.cm. ° C) 
K 1 Btu/(h.ft.  F) = 1.73073 W/( m. K) 
K 1 Btu/(h.ft. °F) = 1.3571 10-4 cal/(s.cm2. °C) 
K 1 kcal/(h.m2. °F) = 0.2048 Btu/(h.ft2. °F) 
K 1cp = 10-3 Pa.s = 10-3 kg/(m.s) = 10-3 N.s/m2 

K 1 cp = 2.0886 10-5 lbf.s/ft21 cm2/s = 3.875 ft2/h 
K 1 cm2/s = 10-4 m2/s 
K 1 m2/h = 10.764 ft2/h 
K 1g/(s.cm2) = 7.3734 103 lbm/(h.ft2) 
K 1 g mol/(s.cm2) = 7.3734 103 lb mol/(h.ft2)  
K 1 Btu/(h.ft2) = 3.1546 W/m2 
K 1 cal/h = 1.1622 10-3 W 
K 1 Btu/(lbm.° F) = 4.1868 kJ/(kg.K) 
K 1 ft.lbf/lbm = 2.9890 J/kg 
K 1 cal/(g. °C) = 4.1868 kJ/(kg.K) 

K 1 kcal/(g.mol) = 4.1840 103 kJ/(kgmol) 
K 1 cm/s = 10-2 m/s 
K 1 ft/h = 8.4668 10-5 m/s 

 



א ١٥٠ אא 
 אא אאא
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٦ J אאאאאKא
400 mm Hgא،(in H2O)FkN/m2E(atm)؟אאא 

 

٧ J אאאאא (CO2)51 psiK
אאאאאאא28א in Hg؟ 

٨ J אאאא5א in H2OאאW 
 J mm H2O 

aK Pa 
אאאW730 mm Hg 

 
٩ J אאאאאאא25.4 in Hg

א14.7א psia؟ 
١٠ J ،אcm3אא،8 mm3 ft؟ 
١١ J אא13.6 g/cm3אאאW 

 J lb/ft3    
 J kg/m3 

١٢ J 1.2 g/cm30.1 Lא0oC،
25 gאK 

 J א%)(؟ 
 J אאlb א1א ft3؟א 
 Jא%)(؟ 

 
١٣ J א .22 °Fא

אאK, °C؟ 
 
١٤ J אאא0° F100 °Fא،W 

 J אאאאאאK, °R؟ 
 JאאאאאK, °R؟ 
 JאאאאK, °Rאאאא100 °FK 



א ١٥٠ אא 
 אא אאא
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١٥ J W 

 J (°C))] J T(°F) = 2[ T(°C) + 0.1 (160  
 JT(°F) = [2 T(°C) - 0.1 ( 2 T(°C))] + 32 

 
١٦ J אא5 א mil א 60 °Flbf/in2 

אאאא60 °F1.042K 
 



 

 

  

אאאאאא 

אאאא  





א


א

א





٢



 

 



א ١٥٠ אא 
 אא אאא
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אא 
 א،אאאאא

אאאאאאאK 

אא 

אאאאW 
 JאאאFא،אא،א،אא،א

אא،א،אאE 
 JאאאאK 
 

אאאWאא٩٥K٪ 
 

אאW١٥K 
 

אאWאאאאאאK 

אא 
אאאאאW 

אא 
אא 

אאאא 
אא 

 



א ١٥٠ אא 
 אא אאא
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אFρEDensity 
אאK 

                 )12(
V
mρ −=            

אאkg/m3  ,   g/cm3 ,  1bm/ft3 
אאאאאאאאא

אאF4°CEאW 
 

א  א 
1000 kg/m3 
1.0 g/cm3  אא(SI) 

62.4 1bm/ft3  אא 
 

א 
١K אאWאאאאK 
٢K אאWאK 
٣K אאWאאאK 

אאSpecific Gravity (S.G) 

אFאאEאאא FAE אא
FreferenceKE 

)22(.. −=
ref

GS
ρ
ρ 

אא،אאאאא(S.G.)א
אKאאאאאאK 

אא،אאאKאא
אאאאK  



א ١٥٠ אא 
 אא אאא
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٢ J١ 

אאאא1.57אאא،
אאK 

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

=×=

=×=

=×=

×=

=

 

אאSpecific Volume (S.V.) 
אאא(S.V. = 1/ρ)אאW 

ft3/1bm, cm3/g, m3/kg 
٢ J٢ 

אאאא٢א J٢K 
א 

אאא =
١ 

א 



א ١٥٠ אא 
 אא אאא
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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

==

==

×== −

 

אאאא 
 ،אאא

ABאA(x kg)א B(y 
kg)Kאאאא A B (MA kg/mol) (MB kg/mol)

אאא(V m3)KKאABאא
 VA ,, VBאאK 

אאE٪FאWeight (%) 

 אאאאא
אאאאW 

אא(%)
אA 

Z
אA 

×١٠٠ 
FאAHאBE

אאאאאאאK 
אאאאאאא

אאFאאKE
אאאאK 

אאE٪FאVolume (%) 

 אאאא
אאאאאW 



א ١٥٠ אא 
 אא אאא
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אא(%)
אA 

Z
אA 

×١٠٠ 
FאAHאBE
 

אאאאאאאאא
א،אא

K 
KאאאאאאKא

אאאאK 
אאאאאאW 

VA  + VB  + ….  =  V        (2-3) 

 אאאK
אאאא،אאא

אאK 
אאאאאא

אאאאאאא
אאא،א

KKאאאא
אאאאאאאאא

אאאK 

٢ J٣ 

א215 kgא0.56 ft320oCא
אאאאW 

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

١K אאאאאאא100.א oC 



א ١٥٠ אא 
 אא אאא
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٢K א0.25א inאאא،
אא20oC100 oCK 

א 
١K א(2-4) 

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



א ١٥٠ אא 
 אא אאא
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6)-(2)2)20(6100.0078)20(3100.18182(10V3ft560.0C)o(20V −×+−×+== 

V0א2-6 

7)-(23ft568.0C)o(100V = 

٢K אאW 

)82(
4

H2πDV −= 

W 
DWאK 
HWאK 

9)-(2

4
2Dπ

C)o(20VC)o(100VC)o(20HC)o(100H −=− 

D = (0.25/12) ft 
=     23.5 ft 

אאאא Mass and Mole Fractions 

א(streams)אאאאאK 
 

אאא(mass fraction, xi)א(mole fraction, yi)א
אאW 

אאA
(xA) 

Z
אA 

F
Kg A 

EF
lbm A 

E
FאאEKg total lbm total

 



א ١٥٠ אא 
 אא אאא
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אאA
(yA) 

Z
אA 

F
kmol A 

EF
lb mol A 

E
FאאEkmol total lb mol total

אאאאxAyA١٠٠   
אאאאאF١KE 

 
אאאMass and Volumetric Flow Rate 

אאאאKא
אאKאאאא

א(mass flow rate)
وقت
(volumetric flow rate)آتلة

وقت
حجم 

 

 

 

אאאאאW 

א(ρ)Z
א(m) 

Z
אא)(m

•
 

א(V) א)V(
• 

א(Rotameter)א(Orifice meter)K 

)(kg/hV

)(kg/hm
•

•

 



א ١٥٠ אא 
 אא אאא
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٢ J١FWEא FE 

٢ J٤ 

15%אA(xA = 0.15)20%
אB (yB = 0.20)KאW 

١K אA175 kg אK 
٢K אאAאא53 lbm/hK 
٣K אאBאא1000 mol/minK 
٤K אאאאאB25 kmol B/sK 
٥K אא300 lbmאAK 

 
 

א 
١K  

26 kg A Z0.15 kg A 175 kg 
kg   

 )أ( )ب(



א ١٥٠ אא 
 אא אאא
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٢K  

8.0 lbm A Z0.15 lbm A53 lbm  
h lbm h 

٣K  

200 mol B Z0.2 mol B 1000 mol  
min mol min 

٤K  

140 kmolZ1 kmol 28 kmol B  
s 0.20 kmol B s 

٥K  

 2000 lbmZ
1lbm 300 lbm A 

0.15 lbm A  
 

אאאW 
 אאאאאאאא

אאאאאK 
אא21% 79% KKא،אאאאא

אא21% א21% K
אאאאא.0.21 

٢ J٥ 

אאkg 5.00kg 5.00
א(NaOH)KאאאאאאK 



א ١٥٠ אא 
 אא אאא
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א 
אאאxAxBאא،אא

yAyBאאK 

אW 
 

0.5
B)kg5Akg(5

Akg5
Ax =

+
= 

0.5
B)kg5Akg(5

Bkg5
Bx =

+
= 

אW 
   אא(H2O)FZ2 × 1H1×16ZE18L 

 אאא(NaOH)FZ1 × 23H1×16H1×1ZE40L 
 

א Z5 kg Z0.278 mol 18 kg/mol 
 


א 

Z
5 kg 

Z0.125 mol 40 kg/mol 
 

אא
(yA) 

Z0.278 mol Z0.699 mol A 
0.403 total mol total mol 

 

אא
א 

(yB) 
Z

0.125 mol 
Z

0.311mol A 

0.403 total mol 
total mol 

 
אאאאא1.0K 

0.699H0.311Z1 
אאאאא1.0K 

0.5H0.5Z1 



א ١٥٠ אא 
 אא אאא
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٢ J٦ 
،אא (xA)אאא

0.333אK 
א 

WyBאא 
mA א 
mB א 
mTא 
xAאא 

0.667FZ1 J0.333ZEyB 
kg10.66Z0.333×(32 kg/mol) ZmA 

kg1.33Z0.667×(2 kg/mol) ZmB 
kg11.99Z10.56 + 1.33  ZmT 

 0.889 kgZ10.66/11.99 Z xA 
 

א(Concentration) 
 אאאאאא

WאאKאאא 

g/cm3,   kg/L3,     lbm/ft3 

 
אאאאא(L)אא،(ft3)א،(gal)א،

א(m3)KאאW 
אLK 

אLK 
אLK 

אLK 
אLK 



א ١٥٠ אא 
 אא אאא
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אLK 
אאאאאאאא

אKאאK 
אאאאא(parts per 

million–ppm)Kאppmאאאאאא
אאK 

אW 
א(Molarity) JFאLKE 

א(Normality) JFאאLKE 
א(Molality) JFL1000אKE 

 



א ١٥٠ אא 
 אא אאא
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٢ J٧ 
א(NaCl)א230 kg/m3א

א20°C א 1148 kg/m3  W  
١K אאאK 
٢K אאאK 
٣K אאאK 
٤K אK 

א 

אW1 m3א 
W:m1א 

:m2א (NaCl) 
:m3א 
:n2א(NaCl) 
:n3א 

: MwאNaCl 
W 

א(m1)Zρ × V Z (1148 kg/m3) × (1 m3)Z1148 kg

 



א ١٥٠ אא 
 אא אאא
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W 
m2 = 230 kg 

 אW 
NaCl
(n2) 

Zm2  Z 230 kg Z3.93kmol
Mw 58.5 kg/kmol 

                  

א(m3) Z1148 – 230 Z918 kg 

    

א
(n3) 

Z918 kg Z51 kmol 
18.0 kg/kmol 

 

א Z51.0 + 3.93 Z54.93 kmol 

 אא 
١K אאא 

אאא
NaCl 

Z230 kg NaCl 
×100Z20% 

1148 kg  
 

אא Z918 kg H2O 
×100Z80% 

1148 kg  
 

٢K אאא 
אאא20 ° C998 kg/m3 

א Z918 kg    Z0.920  m3 
998 kg /m3 



א ١٥٠ אא 
 אא אאא
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אאא

 
Z0.920  m3 ×1 m3Z92 %

 
٣K אאא 

אאאZ51 kmol H2O 
×100Z92.84 %

54.93 total mole
 

אאא
NaCl 

Z3.93 kmol NaCl 
×100Z7.16%

54.93 total mole
  

٤K א 
 

א Z3.93 kmol NaCl ×
1000 kg H2OZ4.28 kmol NaCl 
918 kg H2O 1000 kg H2O 

 
٢ J٨ 
60 °Fאא(Specific Gravity, S.G)30 %

אFH2SO4E1.22K؟אאא 
  lb mole/U.S gal  .أ

  lb/ft3  .ب

K g/L  
אW 

K 100 lb30 %30 lbH2SO470א lbא
H2OK 



א ١٥٠ אא 
 אא אאא
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W 

אFאEZ
א 
א 

 
א

(ρ)
Z

א 
א 

 
 

אZ
א 

א 
 

98 lb
 = F

16 lb
+ ( 4 ×  

32 lb
+

1 lb
 2 ×=

א
H2SO4  lbmollbmollbmollbmol

 
 

0.306 lbmol=
98 lb30 lb

=א
lbmol 

 
 

א(ρ)4oCZ62.4 lb/ft3
 

 W 

א 
=אא 

 (S.G)  א4oC 
 



א ١٥٠ אא 
 אא אאא
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Fא(4oC×אא  
(S.G) 

=א

 

76.128 lb/ft3 =62.4 lb/ft3× 1.22=א

 
  

א 
=א 

א 
 

  

9.83 gal = 7.481 gal 100 lb solution 
1 ft376.128 lb/ft3 

 
W 

0.031 lbmol/gal Z
0.306 lbmol 

=אFאE
9.83 gal 

 
. 

22.84 lb 
H2SO4/ft3 

Z
7.481 gal98.08 lb H2SO40.03113 lbmol 

H2SO4 
1 ft31 lb mol H2SO4 gal 

  
. 

366.15 g H2SO4/L Z 1 ft3454 g 22.84 lb H2SO4 
28.32 L1 lb 1 ft3 



א ١٥٠ אא 
 אא אאא
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אא(Temperature) 
אאאאאאK 

 
אאאW 

١K אאא–Thermocouple–אא
 Kאאאאא

 
٢K א–Thermister–אאאא

אאאK 

 
 



א ١٥٠ אא 
 אא אאא
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٣K א–Pyrometer–אאא
אאאאאK 

 

אאאאאאאאאאK
אאאאFahrenheitoFאCelsius

oCK 
אאאאא–אאאאא

אאאאK 
א32°F  א212°Fא

אK 
אאאאאאא

KelvinKאאא
אRankineoRKאW 

T(K)  = T(oC) + 273.15 
T(oR) = T(oF) + 459.67 
T(oR) = 1.8T(K)  
T(oF) = 1.8T(oC) + 32 

 
אאאW 

1 oC,1 oF,1.8 oR,1.8 oC
1 K 1 oR 1 K1 oC 

 



א ١٥٠ אא 
 אא אאא
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٢ J٩ 

100 °CאאאאW 
١K  K 
٢K °F 
٣K °R 

א 
T(K)  = T(oC) + 273.15 
T(oR) = 100 + 273.15 =  
T(oR) = 373.15 K  
T(oF) = 1.8T(oC) + 32 
T(oF) = 1.8 (100oC) + 32 = 212  
T(oF) = 212oF 
T(oR) = 1.8T(K) 
T(oR) = 1.8 (373.15K)  
T(oR) = 671.67 °R 

א(Pressure) 
א(P)אאW 

P = F/A                                                 (2-10) 
 

١K אאAtmospheric Pressure Wאאאאא
K 

٢K אא Barometric PressureWאא
אאK 

٣K אאAbsolute PressureWאאא
(vacuum)K 

٤K אGauge PressureWאאאFE
אאFKE 

٥K אאאא–א J:אאא
אאFKE 



א ١٥٠ אא 
 אא אאא
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אאW  
N/m2, dynes/cm2, lbf/in2, psi, pascal, ft H2O, atm, bar, mmHg 

אאFluid Pressure Measurement 

١K (Bourdon gauge) 
CKאא

אאאאKאאאא
אאאKאא

(gauge pressure)K 

 

٢K אManometer 
UאFאmanometer 

fluidKEאאא،א
אאאאאאאאK

אאאאאאK 
 

 



א ١٥٠ אא 
 אא אאא
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K אאOpen-end Manometer 
אאאאאאאאא

א(atmospheric pressure)K 

 
٢ J٢Wא 

K אא Seal-end Manometer 
א(vacuum)אK 

K אאDifferential Manometer 
אאK 

 

 
٢ J٣Wא 

אFEאאKאא
F٢ J٢EאאאאKאאא

אאKאאאא
(Vacuum)K 



א ١٥٠ אא 
 אא אאא
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אאאKאאא
אאאאאאאא

אאK 
אאאאאאאא

אאאאאאא
K 

אאאאאK 
אאאאFHydrostatic 

balanceEאאאאאאאאא
אאאאאאאKאאא

אאא–א( Vacuum )א–אאא–
אאאא،אאאK 

אאאאאאאאא
אK 

אאאאא
אאאאא

אאאאאאא
אK 

אאאאאאW 
אא=אא+אאFאאE 

Pabsolute = Pgauge + Patm               (2-11) 
 

אאאאאא
אאאאאאאאFאא

אאEאאK 
אאאאאאא

אאאאאאK 



א ١٥٠ אא 
 אא אאא

  
 

- ٥١ - 

אאאאאאKKא
FאאE14.696א psi 760 mmHg 

10°Cאאאאאאאא
אK 

אא 

אאאאא
אאאאKאא

אW 
P1  +   ρ1gd1  =  P2  +   ρ2gd2 +  ρfgh                (2-12)                           

• אאא1א2 
א١٢ J٢W 

ρ1  =  ρ2  =  ρf                                       (2-13) 
 

P1  -  P 2  =  ( ρf  - ρ) g·h                       (2-14) 
 

אאאאא •
א1000-100אא،אρ·g·d

אאאW 
P1  -  P 2  =  ρf ·g·h                   (2-15)       

                                                  
• אאאW 

P1  -  P 2  =  h                       (2-16)             
                                                    

٢ J١٠ 

אאKאא(S.G.)
א1.05Kא
אKאאא1א2K 



א ١٥٠ אא 
 אא אאא
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אW 
h  = (382- 374 ) mm = 8 mm 

P1  -  P 2  =  ( ρf  - ρ) g·h 
=  (1.05 – 1.00) × 980 × 0.8 

=  39.2  dynes /cm2 
٢ J١١ 

אאא
א2-א inאאאinHgאאאאאא
30 inHgK 

א 
P1   -   Patm    =   -2 inHg                                                      
P1                 =     Patm    +   Pgaug                                    
                    =  30  -  2  =    28 inHg                                   

                                        
 
 
 
 
 
 
 
 
 
 
 
 
 
 



א ١٥٠ אא 
 אא אאא
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١K אW 
• 1אbf25 1bm 
• אkg25 N 
• אdyne10 ton 

 
٢Kאאאא50 m15 m2 mאא

1 58אbm/ft3אא1bf 
 

٣Kא1אbm/ft3אאא13.546
20 °C אאft3215 kg  

٤K אאאאאאK 
٥Kאאאאא

אאW 
O2  =    16 % 
           CO =   4.0 % 
  CO2 =    17 % 
  N2 =    63 % 

אאאK 
 

٦K אאאW 
• 85 °F°R 
• 40 °CK   
• 85 °F °C 
• -10 0C°F 



א ١٥٠ אא 
 אא אאא
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٧K KאאאW 

 
• אאאאP1 -  P2  ρA، ρB، 

ρC،h1،h2 
• אאAאאBאCא

אאאא1.37P2121 kPah1
30 cmh2 24 cmאP1kPa 

 
 
 
 
 
 
 
 
 

 



א ١٥٠ אא 
 אא אאא
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٨{ Kאאאא
אאא756 mmHgא

אmmHgאaאא    . b 
 

 
 
 
 
 
 
 
 

 
  

 



 

 

  

אאאא  

אאאא  


א


א




٣
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אא 
 ،אאאאאא

אאאאאאאK 

אא 

אאאאW 
١ J ،אא 
٢ J אאאאאא

K 
 

אאא 
אא٩٥٪אאK 

 

אא 
١٠ 

אא 
אאאאאאK 

אא 
אאאאאW 

אא 
אא 

אאאא 
אא 

 



א ١٥٠ אא 
 אא אא 
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אא (Mass Balances) 
 אFEא.(System) Wא

א(Feed or input)FאאאאאE،(Product or 
output)FאאאאEא،אא(Accumulation)Fא

אE،א(System boundaries)FאאאאאאE
א٣ J١K 

 
 
 
 
 
 
 
 
 

٣א J١Wא 

 
 

٣א J٢Wא 
 

   (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)  



א ١٥٠ אא 
 אא אא 
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אא(flowchart)
٣א J٢K 

אא(Design)
(Optimizing)KאאA

500 g1000 g A אBK 
אא،אא– J

2000 kg א(S) ، Jאא(Stack gases)
אאא Jאאאא

2000 kg K 
אאאאFאאאא

אEאאאאאאK 
אאאW 

 

 J אאK 
 J אא J(Isolated System) JK 

 
 



א ١٥٠ אא 
 אא אא 
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א 
אאאW 

אא(Batch Process)W 
 אאאאא(Feed)אאא

אא(Product)א٣ J٣Kאא
אאאאאאK

אאK 
 

 
٣ J٣WאאFEאאאאFאאאKE 

 

 
٣ J٣WאאFEאאאFאאKE 

 
אא(Continuous Process)W 

 אאאאאא
א٣ J٤KאK 

 

 مادة متفاعلة

 ناتج التفاعل



א ١٥٠ אא 
 אא אא 
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٣ J٤WאאWאאאK 

אא(Semibatch)W 
אאK 

 
٣ J٥WאאFEאאאא

FאאKE 
 

 
٣ J٥WאאFEאאאא

FאאKE 
 



א ١٥٠ אא 
 אא אא 
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٣ J٥WאאFEאאFאאKE 

 
א(Steady-state)W 

 אאFאאא،א،א،א،אE
אא،אאK 

אא(Transient)W 
 אאF،א،א،א،אא

אאEאא(Unsteady-state)א،
אאא(Start-up)אK 

אאא(The General Balance Equation) 
 אאאאאאאא(System)

W 
Aא(lbm/min)m1(Chemical Reactor)
(lbm/min) m2אא، m1m2

אא m1m2אאאW 
١K אאאK 
٢K m1.m2 
٣K אא A אK 
٤K אאAאאK 

 
 

 

 m1 (lbm/min)  m2 (lbm/min)  



א ١٥٠ אא 
 אא אא 
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،אאאאאאאאאא
אאאאK 

אאאW 

א
א
אא

א 

Z


א
אא

א 

J
א
א

א 
H


אא

אא 
J

א
א

אא 
(1)

 
אאאאאא

(Steady-state)אאא،(1)W 

אאא
א 

Z
אא

א (2) 

א(1)אאK 

٣ J١W 
א(50,000)

(57,000)א(22,000)
(19,000)אאאאא،K 

אW 
AK 

X  
(A/yr) Z19,000 

(A/yr)J75,000 
(A/yr)-22,000 

(A/yr) +50,000 
(A/yr) (3) 

W 
X = -22,000 A/yr 

א22,000אK 



א ١٥٠ אא 
 אא אא 
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אאאאW 
אאאאאאW 

١K אאא،אאאאא
אK 

٢K אאאאאאF،א،אא
א…E(Stream)אאא(Input)א(Output)

א(Recycle)K 
٣K א(Basis)K 
٤K F،אBoundariesE(Unit)

אא(Mixing point)(Splitting point)א
(Overall process)K 

٥K אאאאאKא
(Independent equations)אאא

אאKאא
א(Unknowns)אאאאאאאK 

 
 

٢ J٢W 
א35%א (B)41% (P)א

(H)K(stream)אא(Distillation column)K
אא J1375 kg/h Jא84% א

(B)11% א(P)א.(H)אאא92%
אאאKאאאאאא

אאאK 



א ١٥٠ אא 
 אא אא 
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א 
אאאאאא٣ J

٦K 

 
٣ J٦ 

אאא(flowchart)א٣ J٧K 

 

 
٣ J٧ 

 ٣ J٢W 
W 

NaCl= 20 %, NaBr= 0.5%, MgCl2= 2%, H2O= 77.5 %. 
אא50 %אאNaClא

אאKאאא100 kgאW
  

 J NaClאאאאK 
 J MgCl2אאאK 
 J NaBrאאאK 



א ١٥٠ אא 
 אא אא 
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 J H2OאאאK 
 J F،אאNaClאאאא،KE 
 J אאאאאK 
 J ،אאאאא؟א 

 
 
 
 
 
 

٣ J٨WאK٣ J٢K 
 

אW 
K NaClאאW100 × 0.20  Z20 kg 

NaClאW0.50×20  Z10 kg  
NaClאאאW20 - 10  Z10 kg 

WNaClאאאאW10 + 10  Z20 kg 
 אאאW100 × 0.30  Z30 kg 

KMgCl2אאאW100 × 0.02  Z2 kg 
KNaBrאאאW100 × 0.005  Z0.5 kg 
KH2OאאאW  (10+2+0.5) -30  Z17.5 kg 
K FאאHNaClאHאאאWE60 + 10 + 30  Z100 kg 
KאאW  60 kg = 77.5 - 17.5 

אאאאאW= 100 × (60/77.5) 77.4 % 
K אאאאאW 

NaCl = 10 kg 
MgCl2 = 2 kg 

NaBr = 0.5 Kg 

١٠٠ kg  
  محلول ملحي

 
NaCl = 30% 

א 

H2O 

NaCl=20% 
NaBr=0.5% 
MgCl2=2% 
H2O=77.5% 
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٣ J٣W 
(1000 kg/h) 50%אFBE50%אFTEKא

אא450א kg/hא
א475 kg/hאאא(steady-state)،אאא

אאאאK 
 

 
 
 
 

٣ J٩Wא٣ J٣K 
אאא،אא

אאW 
אא(input)Zא(output) 

KאאW 
500 kg B/h=450 kg B/h + m2 

m2=50 kg B/h 

KאאW 
500 kg T/h = m1 +475 kg T/h 

m1=25 kg T/h 

א 

  1000 kg/h = (450 + m1 + m2 + 475 kg/h) 

1000 kg/h=1000 kg/h 
 

٣ J٤W 
אא،אkgא

אK 

  برج فصل
Distillation column 

475 kg T/h 
m2 (kg B/h) 

450 kg B/h 
m1 (kg T/h)  500 kg B/h 

500 kg T/h 
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٣ J١٠Wא٣ J٤K 
אW 

אאאאK 
אW אFfeedWEm1 = 100 kg/h 

 
W אאאZאא 

K אW  100 = m2  + m3 
 K אEtOHW0.35 × 100 = 0.85 m3 + 0.05 m2   
 K אH2OW0.65 × 100 = 0.15 m3 + 0.95 m2   

 
m2m3אFEFWE 

W 
m3 =37.5 kg/h 

m2 = 62.5 kg/h 
 m3/m1 = 0.375 kg/kg feed 
m2/m1 = 0.625 kg/kg feed 

m3/m2 = 0.60 
 

٣ J٥W 
50 %(B)50 %(T) Kא

א (the overhead product)95%(B)א،
א(the bottom product)96%(T)K 

  

 برج فصل
  ناتج الفصل

 85% EtOH  
15% H2O 

  تغذية
   35% EtOH  

 65% H2O  

  مخلفات
 5% EtOH 

 95% H2O  

مكثف
m1   

m2   

m3  m4 
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אאאא15000 lbm/hאאא
12000 lbm/hאאאא

אאאא،. 
 
 
 
 
 

 
 

٣ J١١Wא٣ J٥K 
 

אW 
אW  15000א lbm/h 

אW Wm4 , m3, m2 
אW 

K אאW 
 m1 = m3 + m4   

KאFאWE 
m1 + m2 = 12000 + m4 

m4- m2 = 3000 
KאFאWE   

 0.95 m2 - 0.05 m4 = (0.95 × 12000) lbm/h – (0.5 × 15000) lbm/h Z3900 lbm/h 
m4 = 7263.2 lbm/h 
m2 = 4263.2 lbm/h 

m3 = 7736.8 lbm/h 
m2/m3 = 0.55 

 
 

  

 برج  فصل
  ناتج الفصل

 95% B  
5% T 

  تغذية
15000 lbm/h 

   50% B  
 50% T  

  مخلفات
 4% B 

96% T 

مكثف
m1  

m4 

m3  

12000 lbm/h 

m2 
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٣ J٦W 
אאאאאאאאא

אm2, m3, m4, m5)KE 
 
 

 

 

 

 

 

٣ J١٢Wא٣ J٦K 

אW 
אא(m5)א0.6 l 

b KNO3 lb אFאא (1.6 lb אא
KNO3 אW 

OH

KNO

x

x

2

3

6.1
1625.0

6.1
6.0375.0

==

==

 

 m2 m4W 
K אא)אאAE 

15000 = m4 + m2      (1) 
K אKNO3 W 

0.2 × 15000 = 0.96 × m4       (2) 
 

  

 مبخر

  H2O   

  محلول مشبع
 0.6 lb KNO3/lb  

m5 

m2 

m3   

m4 

  

 رمبلو

15000 kg/h 
20% KNO3  

50%KNO3   

 H2O %4+ بلورات 

(A) 

(B) 
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א(1) (2)W  
Wm4Z 3125 lb/h 

m2Z11875 lb/h  
m3אא)אא(BW 

m3 = m4 + m5      (3) 
אKNO3 אW 

0.5 m3 = 0.96 m4 + 0.375 m5        (4) 
א(3) (4)W 

Wm3 = 4768 lb/h 
m5 = 1643 lb/h 

 
٣ J٧W 

אאאאאא(i-C5H12)
אא(n-C5H12)אKאאאK 

 
 
 
 
 
 
 
 
 
 

٣ J١٣Wא٣ J٧K 
 

  

برج 
 الايزوبنتان

  

m5   

m2 

m3 

m4 
80% n-C5H12 
20% i-C5H12  

  

ل  فص
 البيوتان

  التيار الجانبي
 i-C5H12  100%  

إلى مصنع الوقود 
  الطبيعي

m1   

m6 

90% n-C5H12 
10% i-C5H12  

تغذية خالية من 
  البيوتان

n-C5H12  100% 
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אW 
אW m1=100 kg/h 

אאאאFאאWE 
100 kg/h = m5 + m6    (5) 

אn-C5H12W 
0.8 (100 kg/h) = 0.9 (m5)   (6) 

W 
m5 = 89 kg/h 
m6 = 11 kg/h 

אאFאאWE 
m4 + 11 kg/h Z m2    (7) 

אn-C5 H12אW 
0.8 (m2) = m4     (8) 

W 
m2 = 55 kg/h 
m3 = 45 kg/h 
m4 = 44 kg/h 

 
٣ J٨W 

60 %א(H2SO4)אH2SO4
 28 %96 %K؟אאא 

אW 
 
 
 
 

٣ J١٤Wא٣ J٨K 

אW100 g/min 28% H2SO4  

m1 
28% H2SO4  

m2 
96% H2SO4 

m3  
50% H2SO4  

  خلاط
mixer 
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אא 
Wm2 m3אאאאW 

K אFאאWE 
100 = m2 + m3      (9) 

K אאW 
(0.72 × 100)g/min + 0.04 (m2)  = 0.50 (m3)  (10) 

 
א(9)(10)W 

m2 =  47.83 g/min 
m3 = 147.83 g/min 

 
٣ J٩W 

אאאא5.5 %א
 1000 lbא8%K 

אW 
אאW 

 
 
 
 
 
 

٣ J١٥Wא٣ J٩K 

אW 1000 lb 8%אK 
m1m2אאK 

אאW 
K אFWE 

m1 + m2 = 1000 lbm     (11) 

 

  نتروسيليلوز  5.5%
m1 (lbm)  

  نتروسيليلوز  8%
1000 lbm  

  نتروسيليلوز جاف  
m2 (lbm)  
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K אאW 
0.945 (m1) = 0.92 × 1000 lbm   (12) 

א(11) (12)،W 
m1= 973.5 lbm 
m2  = 26.5 lbm 

 
٣ J١٠W 

אא،אאאאאm1 m2K 
 
 
 
 

٣ J١٦Wא٣ J١٠K 

אW 
אW 100 g/sאאאK 

אא(m1, m2) 
KאW 

m1 + m2 = 100 g/s     (13) 
KאאW 

0.05 m2 + 0 m1 = (0.62 g/s)    (14) 
א(13) (14)،W 

m1 = 87.6  g/s 
m2 =12.4  g/s 

 

 
  ماء

m1 (g)  0.62%   ماء محلول
  ملحي

  محلول ملحي  5%
m2 (g)  
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٣ J١١W 
א1200 lb Ba(NO3)290 °Cא

א،20 °Cאא8.6 g/1000g 
H2OK 

K אאאאBa(NO3)290 °Cאאא،20 
°C؟ 

K אאאאBa(NO3)290 °Cאאא،20 
°Cא،10 %90 °C؟ 

K אאאאBa(NO3)290 °Cאאא،20 
°C،5 %אאא

5 %؟א 
 

אW 
אW 1200 lbBa(NO3)2 

אאא Ba(NO3)2K 
אאF°CE אאFlb/100 lb H2OE 

90 30.6
20 8.6 

K א1200 lbאW 
100 × (1200/30.6) = 3921.6 lb H2O   (15) 

אאא3921.57 lb20 °CW 
8.6 × (3921.6/100) = 337.21 lb    (16) 

אאאW 
1200  - 337.21 = 862.75 lb     (17) 

K  אא110 %90 °CK 
1.1 × 3921.6 = 4313.73 lb      (18) 

אאא4313.73 lb20 °CW 
8.6 × (4313.73/100) = 371 lb    (19) 

אאאW 
1200  - 371 =  829 lb      (20) 
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K אאאW 

0.05 × 862.74 = 44 lb      (21) 
אאW 

3921.6 × 1.05 + 44 = 4161 lb     (22)  
א(Recycle) 

 אאאאFאאא
אWE 
A → B 

 אאAאא،A
אKאאAאאא

(recycle)אאאAאK 
אאאאאW 

١K אאא(Recovery of catalyst) 
אאאאא

אאאאאא،א
K 

٢K א(Dilution of a process stream) 
אא–-(Filter)

(a suspension of solid in a liquid)אאא،
אאKאאא

אא(filtrate)אאאK 
٣K אאא(Control of a process variable) 

אאאא،אא
אאא–אאא

א Jאאאאאא
א 
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٣ J١٢W 
80 mole% א(C2H4O)  20 mole% א

F٣א J١٧EאאW 

)24(H2CO2O
2
5OHC

)23(OHCO
2
1OHC

22242

242242

+→+

→+
 

א(C2H4O) אאKאאא
40%אאאאאאKאא

אא(multiple-unit separation process)א
אW84%א،אא

אאאא(CO2)אא،
אKאאאאאאאW 

(label)אא(flowchart)K 
אאאאאK 

אאאאK 
אאאאK 

אאK 
אאאא 

 

  مفاعل
Reactor 

  فصل
Separation  

 Recycleإعادة تدوير  
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٣ J١٧W٣ J١٢K 

אW 
١K אאF٣א J١٧EאאאW 

 

 
 

٣ J١٧W٣ J١٢K 
 

٢K אW١٠٠אאאאK 
٣K אאאF

אEאאאF٣א J١٨WE 
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٣ J١٨Wאא٣ J١٢K 
 

)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

 

א٢٥ J٣٥אאW 
n1 = 39.68 mol 

n5 = 30 mol 
n6 = 4 mol 
n7 = 4 mol 

n8 = 7.68 mol 
n9 = 40.32 mol 

n2 = 20 mol 
n4 = 48 mol 
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٣ J١٩W 

 
٣ J١٩W٣ J١٩K 

 J אאאB؟ 
 J D؟ 
 J ؟אאאאאא 
א 

אW 1500 lb/h 
BDאאאW 

B + D = 1500 lb/h      (36) 
0.0525 × B + 510-4 × D = 0.031×1500 lb/h  (37) 

 
א(36) (37)W 
B = 888 lb 
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D = 612 lb 
CRאאW 

1500 + R = C       (38) 
0.031×1500 + 0.0525× R = 0.04 × C   (39) 

 J C = 2580 lb 
R = 1080 lb 

٣ J٢٠ 
אאאאאאאאPRK 

 
 
 
 
 

 

 ٣ J٢٠W٣ J٢٠K 

 
א NaCl KCl H2O 

F 0.100.03 0.87 
P 0.168 0.216 0.616 
R 0.189 0.123 0.688 

 
א 

אWאW100 kg/h 
אW 

 J אW 
0.87 × 100 = 87 kg/h = W 

 Jא 
0.10 × 100 = 10 kg/h = N 
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 JאW 
0.030 × 100 = 3 kg/h = K 

PRאאW 
 J אW 

P = R + K = R + 3 
 J אאW 

(0.168) P = (0.189) R 
אW 

P = 27 kg/h 
R = 24 Kg/h 

 

٣ J٢١W 
אאאא٣א J٢١אאאW 

 J אאF110 °FE 
 JאאאאאF°F60E 
 J אאאאאאאאאאK 

 
 

 

 

 

٣ J٢١W٣ J٢١K 

אאFF°E אFpsiaE 

601.2748 

110 0.256 
 

אאW14.7 psia 

n2 

  مكثف
Condenser 

110 oF 
Pw = 1.275 
psia 

 ماء
60 oF 
Pw = 
0.2565 psia 

n1 n3 n5 n4 
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א 
אW100 moleא 

١ JאאאK 
٢ Jאאאאאאאא

אאאאאאאK 
 

 J 

mole dry air 18 lb H2O 1.2748 mole H2O 

29 lb dry air mole H2O (14.7- 1.2748) mole 
dry air 

 = 0.059 lb H2O/lb dry air  
 
 J 

mole dry air 18 lb H2O 0.2563 mole H2O 

29 lb dry air mole H2O (14.7- 0.2563) mole 
dry air 

 = 0.011 lb H2O/ lb dry air 
 
 JnאאyאאאFmole dry airL mole H2OE 

 
١ JאאאאW 

n1(1 - y1) = n3(1 - y3) 
אW 

n3 = 96.7 mole air 
W 

n1 = 100 mole 
y1 = 0.059 mole H2O/ mole dry air 

y3 = 0.02 mole H2O/ mole dry air 
٢ JאFאEאאאאא 

n3 = n5 + n2 
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n3y3 = n5 y5+ n2y2 
W 

y2 = y1 = 0.059 mole H2O/ mole dry air 
y3 = 0.02 mole H2O/ mole dry air 

y5 = 0.011 mole H2O/ mole dry air 
אW 

n2 = 18.3 mole air 
n5 = 78.4 mole air 

n2/n1 = 0.183 
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אא 
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