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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٩٥K٪ 
 

אאW١٥K 
 

אאW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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אFρEDensity 
אאK 

                 )12(
V
mρ −=            

אאkg/m3  ,   g/cm3 ,  1bm/ft3 
אאאאאאאאא

אאF4°CEאW 
 

א  א 
1000 kg/m3 
1.0 g/cm3  אא(SI) 

62.4 1bm/ft3  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  
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٢ J١ 

אאאא1.57אאא،
אאK 

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. = 1/ρ)אאW 

ft3/1bm, cm3/g, m3/kg 
٢ J٢ 

אאאא٢א J٢K 
א 

אאא =
١ 

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 m3)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א(%)
אA 

Z
אA 

×١٠٠ 
FאAHאBE

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

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

אאE٪FאVolume (%) 

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



א ١٥٠ אא 
 אא אאא

  
 

- ٣١ - 

אא(%)
אA 

Z
אA 

×١٠٠ 
FאAHאBE
 

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        (2-3) 

 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

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

אאאK 

٢ J٣ 

א215 kgא0.56 ft320oCא
אאאאW 

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

١K אאאאאאא100.א oC 



א ١٥٠ אא 
 אא אאא

  
 

- ٣٢ - 

٢K א0.25א inאאא،
אא20oC100 oCK 

א 
١K א(2-4) 

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

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

V0א2-6 

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 = (0.25/12) ft 
=     23.5 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אA
(xA) 

Z
אA 

F
Kg A 

EF
lbm A 

E
FאאEKg total lbm total

 
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 

אאA
(yA) 

Z
אA 

F
kmol A 

EF
lb mol A 

E
FאאEkmol total lb mol total

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(ρ)Z
א(m) 

Z
אא)(m

•
 

א(V) א)V(
• 

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

)(kg/hV

)(kg/hm
•

•
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 

 

 

 

 

 

 

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

٢ J٤ 

15%אA(xA = 0.15)20%
אB (yB = 0.20)KאW 

١K אA175 kg אK 
٢K אאAאא53 lbm/hK 
٣K אאBאא1000 mol/minK 
٤K אאאאאB25 kmol B/sK 
٥K אא300 lbmאAK 

 
 

א 
١K  

26 kg A Z0.15 kg A 175 kg 
kg   

 )أ( )ب(
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٢K  

8.0 lbm A Z0.15 lbm A53 lbm  
h lbm h 

٣K  

200 mol B Z0.2 mol B 1000 mol  
min mol min 

٤K  

140 kmolZ1 kmol 28 kmol B  
s 0.20 kmol B s 

٥K  

 2000 lbmZ
1lbm 300 lbm A 

0.15 lbm A  
 

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

אאאאאK 
אא21% 79% KKא،אאאאא

אא21% א21% K
אאאאא.0.21 

٢ J٥ 

אאkg 5.00kg 5.00
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(H2O)FZ2 × 1H1×16ZE18L 

 אאא(NaOH)FZ1 × 23H1×16H1×1ZE40L 
 

א Z5 kg Z0.278 mol 18 kg/mol 
 


א 

Z
5 kg 

Z0.125 mol 40 kg/mol 
 

אא
(yA) 

Z0.278 mol Z0.699 mol A 
0.403 total mol total mol 

 

אא
א 

(yB) 
Z

0.125 mol 
Z

0.311mol A 

0.403 total mol 
total mol 

 
אאאאא1.0K 

0.699H0.311Z1 
אאאאא1.0K 

0.5H0.5Z1 
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٢ J٦ 
،אא (xA)אאא

0.333אK 
א 

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

0.667FZ1 J0.333ZEyB 
kg10.66Z0.333×(32 kg/mol) ZmA 

kg1.33Z0.667×(2 kg/mol) ZmB 
kg11.99Z10.56 + 1.33  ZmT 

 0.889 kgZ10.66/11.99 Z xA 
 

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

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

g/cm3,   kg/L3,     lbm/ft3 

 
אאאאא(L)אא،(ft3)א،(gal)א،

א(m3)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אK 
אאאאא(parts per 

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

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

א(Normality) JFאאLKE 
א(Molality) JFL1000אKE 

 
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٢ J٧ 
א(NaCl)א230 kg/m3א

א20°C א 1148 kg/m3  W  
١K אאאK 
٢K אאאK 
٣K אאאK 
٤K אK 

א 

אW1 m3א 
W:m1א 

:m2א (NaCl) 
:m3א 
:n2א(NaCl) 
:n3א 

: MwאNaCl 
W 

א(m1)Zρ × V Z (1148 kg/m3) × (1 m3)Z1148 kg

 
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W 
m2 = 230 kg 

 אW 
NaCl
(n2) 

Zm2  Z 230 kg Z3.93kmol
Mw 58.5 kg/kmol 

                  

א(m3) Z1148 – 230 Z918 kg 

    

א
(n3) 

Z918 kg Z51 kmol 
18.0 kg/kmol 

 

א Z51.0 + 3.93 Z54.93 kmol 

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

אאא
NaCl 

Z230 kg NaCl 
×100Z20% 

1148 kg  
 

אא Z918 kg H2O 
×100Z80% 

1148 kg  
 

٢K אאא 
אאא20 ° C998 kg/m3 

א Z918 kg    Z0.920  m3 
998 kg /m3 
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 
אאא

 
Z0.920  m3 ×1 m3Z92 %

 
٣K אאא 

אאאZ51 kmol H2O 
×100Z92.84 %

54.93 total mole
 

אאא
NaCl 

Z3.93 kmol NaCl 
×100Z7.16%

54.93 total mole
  

٤K א 
 

א Z3.93 kmol NaCl ×
1000 kg H2OZ4.28 kmol NaCl 
918 kg H2O 1000 kg H2O 

 
٢ J٨ 
60 °Fאא(Specific Gravity, S.G)30 %

אFH2SO4E1.22K؟אאא 
  lb mole/U.S gal  .أ

  lb/ft3  .ب

K g/L  
אW 

K 100 lb30 %30 lbH2SO470א lbא
H2OK 
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W 

אFאEZ
א 
א 

 
א

(ρ)
Z

א 
א 

 
 

אZ
א 

א 
 

98 lb
 = F

16 lb
+ ( 4 ×  

32 lb
+

1 lb
 2 ×=

א
H2SO4  lbmollbmollbmollbmol

 
 

0.306 lbmol=
98 lb30 lb

=א
lbmol 

 
 

א(ρ)4oCZ62.4 lb/ft3
 

 W 

א 
=אא 

 (S.G)  א4oC 
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 

Fא(4oC×אא  
(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 ft376.128 lb/ft3 

 
W 

0.031 lbmol/gal Z
0.306 lbmol 

=אFאE
9.83 gal 

 
. 

22.84 lb 
H2SO4/ft3 

Z
7.481 gal98.08 lb H2SO40.03113 lbmol 

H2SO4 
1 ft31 lb mol H2SO4 gal 

  
. 

366.15 g H2SO4/L Z 1 ft3454 g 22.84 lb H2SO4 
28.32 L1 lb 1 ft3 
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אא(Temperature) 
אאאאאאK 

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

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

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

אאאK 

 
 



א ١٥٠ אא 
 אא אאא

  
 

- ٤٦ - 

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32°F  א212°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) + 273.15 
T(oR) = T(oF) + 459.67 
T(oR) = 1.8T(K)  
T(oF) = 1.8T(oC) + 32 

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

1 oC,1 oF,1.8 oR,1.8 oC
1 K 1 oR 1 K1 oC 
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٢ J٩ 

100 °CאאאאW 
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)אאW 

P = F/A                                                 (2-10) 
 

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 

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 
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אאW  
N/m2, dynes/cm2, lbf/in2, psi, pascal, ft H2O, 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 
 
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K אאOpen-end Manometer 
אאאאאאאאא

א(atmospheric pressure)K 

 
٢ J٢Wא 

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

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

 

 
٢ J٣Wא 

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

אאKאאאא
(Vacuum)K 
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אאאKאאא
אאאאאאאא

אאK 
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אFאאE 

Pabsolute = Pgauge + Patm               (2-11) 
 

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

אאEאאK 
אאאאאאא

אאאאאאK 



א ١٥٠ אא 
 אא אאא
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אאאאאאKKא
FאאE14.696א psi 760 mmHg 

10°Cאאאאאאאא
אK 

אא 

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

אW 
P1  +   ρ1gd1  =  P2  +   ρ2gd2 +  ρfgh                (2-12)                           

• אאא1א2 
א١٢ J٢W 

ρ1  =  ρ2  =  ρf                                       (2-13) 
 

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

אאאאא •
א1000-100אא،אρ·g·d

אאאW 
P1  -  P 2  =  ρf ·g·h                   (2-15)       

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

P1  -  P 2  =  h                       (2-16)             
                                                    

٢ J١٠ 

אאKאא(S.G.)
א1.05Kא
אKאאא1א2K 
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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 

אאא
א2-א inאאאinHgאאאאאא
30 inHgK 

א 
P1   -   Patm    =   -2 inHg                                                      
P1                 =     Patm    +   Pgaug                                    
                    =  30  -  2  =    28 inHg                                   

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

١K אW 
• 1אbf25 1bm 
• אkg25 N 
• אdyne10 ton 

 
٢Kאאאא50 m15 m2 mאא

1 58אbm/ft3אא1bf 
 

٣Kא1אbm/ft3אאא13.546
20 °C אאft3215 kg  

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

אאW 
O2  =    16 % 
           CO =   4.0 % 
  CO2 =    17 % 
  N2 =    63 % 

אאאK 
 

٦K אאאW 
• 85 °F°R 
• 40 °CK   
• 85 °F °C 
• -10 0C°F 



א ١٥٠ אא 
 אא אאא

  
 

- ٥٤ - 

 
٧K KאאאW 

 
• אאאאP1 -  P2  ρA، ρB، 

ρC،h1،h2 
• אאAאאBאCא

אאאא1.37P2121 kPah1
30 cmh2 24 cmאP1kPa 

 
 
 
 
 
 
 
 
 
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٨{ Kאאאא
אאא756 mmHgא

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

 
 
 
 
 
 
 
 

 
  

 


