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 
،،אא،אW 

 
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؛א
אאK 

 
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אאאאאא
،אאאא

אא،אK 
 

 א א  ? אא אאא J ? ?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K 
، א אאא

אK 
 

אאאא



א ١٥٣  
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،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אK 

 
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אא
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אאא2200אאאאאא

אאאאאKאאא
אאאא1X105אאאאא

אאאאKאW 



א ١٥٣ אא 
אאא אאאאא- אאא 

 
  
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µ
ρVD

=Re 

W 
ρאkg/m3K 
Vאm/secK 
Dאאאm 
µאאN.sec/m2. 

אW 
אW 

K
Cpµ

=Pr 
W 
CpאאאkJ/kgKK 

 Kאאאw/mKK 
אW 

GrאאאאאBuoyant forceא
אאאViscous Forcesא

אW 

2

32

µ
βρ tLgGr ∆

= 

W 
gאא9.81m/sec2K 
βאאאאאאאאK

.

1

avgT
=β 

t∆אאאאאK 
LאmK 

W 
אW 

K
hDNu = 



א ١٥٣ 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K 
١E אאForced ConvectionW 

אאW 
33..05.0 Pr*Re664.0==

K
hDNu 

אאאאPr<10 
4.08.0 Pr*Re023.0==

K
hDNu 

אאאאPr>10 
3.08.0 Pr*Re027.0==

K
hDNu 

٢E אאFree ConvectionW 
אאאאא

אאאאאאאאא
אאK 

אאאאFGr. Pr <109E 
( ) 25.0Pr.53.0 Gr

K
hDNu == 

אאאאFGr. Pr >109E 
( ) 33.0Pr.12.0 Gr

K
hDNu == 

אאאאאאFL<30 cmE 
25.0

27.0 ⎟
⎠
⎞

⎜
⎝
⎛ ∆

=
D

th 

אאאאאאא 
( ) 25.038.0 th ∆= 

אאאאאאא 
( ) 25.02.0 th ∆= 

אאאאאאFL>30 cmE 
( ) 25.027.0 th ∆= 



א ١٥٣ אא 
אאא אאאאא- אאא 

 
  
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F٢WE 
אאא16C0 76C0א

1.25אm/sאא2.5cmאא
82אC0א1025kg/m3אא3420J/kg.Kא

0.00234N.s/m2אאא0.52w/m.K؟ 
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F٣WE 
1.3mא468kא338kא

א1090kg/m3אא3560J/kg.kא
0.003N.s/m2אא0.82w/mkאאאא

אאאאאאTavg=304k 
אW 
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אא 
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אאWאאא 
אאWאאאאאאאאK 

 
אאWאאאאא

אאאK 
 

אאאWאאא٩٥K٪ 
 

אאאאW٤K 
 

אאWאאאK 
 

אאW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א
אאאאאK 
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אאאא 
 

F١WE 
1mא2mא70C0
א10x6x4mאאאא20C0אאאא

אאאאאאאא
אאאאאאאאא13.2w/m2k

אא0.855.67X10-8w/m2k4 
אW 

אאאW 
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אאW 
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( ) wxqr 5.2450293343857.7*1067.5*85.0 448 =−= − 

אאאW 
( )fscc TTAhq −= 

( ) wqc 6.51852070857.7*2.13 =−= 
אאאאא7636.1wK 
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אאא אאאאא- אאא 
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F٢WE 
אאA20cm3cmא300C0

Bאאאא A 
אBאאB75C0א

אאאאאAאB120wאא
B 

אW 
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11 TTAqr −= εσ 
( ) 724.0348573*0314.0*1067.5*120 448 =−= −xε 

 
 

١K אאא؟ 
٢K ؟אא 
٣K ؟אאאאאאא 

 
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אאאאאאאאאא--


א

א


א




٤



א ١٥٣ אאא 
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אאאWאאא 
אאWאאאאאאאאאאאא

אאאאאK 
 

אאWאאאאאאאאאאא
אאאאאאK 

 
אאאWאאא٩٠K٪ 

 
אאאאW٨ 

 
אאWאאאאK 

 
אאWאאאאאאאאאא

אאאאאK
אאאאאא

אאK 
 
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אאא 
אאאא 

Heat Exchangers 
אאאאאאאאא

אKאאאאאא،
א،אאKאאאאאא

אאאאאאאא
K 

אאאאאW 
١K אאאאאאParallel Flow Heat ExchangerK 
٢K אאאאאCounter Flow Heat ExchangerK 
٣K אאאאאCross Flow Heat ExchangerK 

 
אאאW 

אאאאאאאאא
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אאא 
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Counter Flow Heat Exchanger 
 

אאאאאאאאאW 
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אF68kg/minEאF35CoEF65CoEא
K א א א4100אJ/kgKF1.9kj/kg E א א 

F110Co E F75Co Eאא  א אא א   א
F320w/m2EW 
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Parallel Flow Heat Exchanger 

 
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1.9kg/sא68 C034.5 C0אאאאKאא
אאאאאאאא א4C0אא

 24.9C0K  א אא   א 3500J/kg.k  4100J/kg.k
אאא36m2KW 

١K אאאאאאK 

( ) ( )cicchohihch TTCpmTTCpmqq −=−⇒= 0
00 

( ) ( )49.244100*5.34683500*9.1 0 −=− cm 

sec
6.2

85690
22277585690*222775 00 kgmm cc ==⇒= 

٢K KאאאאאK 
( ) ( )

( )
( )coho

cihi

cohocihi

TT
TT

TTTT
LMTD

−
−

−−−
=

ln
 
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( ) ( )
( )

( )

067.28
897.1

4.54

6.9
64ln

6.964

9.245.34
468ln

9.245.34468 CLMTD ==
−

=

−
−

−−−
= 

٣K אאאאאאאK 
)(LMTDUAq = 

Km
wUU 284.215

67.28*36
222775)67.28(36*222775 ==⇒= 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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אאאא 
אאאאא 

Cross Flow Heat Exchanger 
 

אאאFאEF
Correction FactorאאKאאא א

אאאאאW 
( )LMTDUAFq = 

  F  א א  א א  א אא 
א א   א   אא K אא   א  

אKאאאא0.75אא
אאKאאאP،R

אאאאאאKPאאא
אאאאאאא KRא

אאאאאאאאא
אאW 

cihi

cic

TT
TT

P
−
−

= 0 

cic

hhi

TT
TT

R
−
−

=
0

0 

אאאאאc,hא
אK 

F٣WE 
  א  א  א 3.6kg/s א 85C040C0

  א K אא א א א   10C0א א25C0K
אאאאאאאא3000J/kgK4100J/kgK

אאאאאא250w/m2KK 
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p , RW 

cihi

cic

TT
TT

P
−
−

= 0 

2.0
75
15

1085
1025

==
−
−

=P 

cic

hhi

TT
TT

R
−
−

=
0

0 

3
15
45

1025
4085

==
−
−

=R 
אF=0.95K 

אאאאW 
( ) ( )

( )
( )ciho

cohi

cihocohi

TT
TT

TTTT
LMTD

−
−

−−−
=

ln
 

( ) ( )
( )
( )

029.43
693.0
30

30
60ln

3060

1040
2585ln

10402585 CLMTD ==
−

=

−
−

−−−
= 

qאאW 
( )hohihh TTCpmq −= 0 

( ) wqh 48600040853000*6.3 =−= 
( )LMTDUAFq = 

( ) 227.47
29.43*95.0*250

48600029.4395.0**250486000 mAA ==⇒= 
 
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W 
١K  א אא א   א א  א 

אאאאK 
٢K אאאאאאאאאא

אאאאK 
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אאWאא 
אאWאאאאאאKK 

 
אאWאאאאאאא

אאK 
 

אאאWאאא٩٥K٪ 
 

אאאאW٤K 
 

אאW،،KK 
 

אאWאאאא
אKאאאK 

 
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אPressure MeasurementsW 

אאאManometerא
אאאאאאאElastic 

MemberאאאאBourdon-Tube GageK 
 

אW 
١K אK 
٢K אאK 
٣K K 

 
אFאWE 

אא א  אא א
אאאאKאא

 א     א   K  א  manometerK
אא

א    Kא א א א    א  
אKאאאאאא
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א       א א  א  א  
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 
אאW 

 א א   אא א   א  Kאא  
אKאBourdon TubesאאאאK 

אאאאKאאאא
אK 
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F١WE 
אאאAbarאאאUא

אא13.57אK 
אW 

ABohCDHgDA hhPP −− −+=
2

γγ 
 

6.0*98107.0*81.9*1000*75.131 −+= atmPA 
 

 
אF٥ J١E١ 

F٢WE 
אאאAאאאא0.83

13.6K 
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אW 
ABoilBCHgDA hhPP −− −+= γγ 

PaPA 48.28433*9810*83.023.0*9810*6.130 =−+= 
 

F٣WE 
אאאאאpxK 

אW 
xoilHgDx hhPP −− −+= 221 γγ 

PaPA 93.472733*9810*9.0375.0*9810*57.130 =−+= 
 
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F٤WE 
אאאאאA؟ 

 

 
אF٥ J٤E٤ 
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אאWא 
אאWאאאאאK 

 
אאWאאאאאאאא

אאאאאאאK 
 

אאאWאאא٩٥K٪ 
 

אאאאW٤K 
 

אאWאאא
K 

 
אאWאאאא

אאאאK 
 
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א 
 

 אא   א   א Viscometersאא
RheometersאW 

١K אאCapillary Tube RheometersW 

אאאאא
אאאK 

 
אF٦ J١EאאK 

 
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π 

Rאא Lאא
אאKאnאאQ﴾∆P/2 L  ﴿  

אאאאn אאאא
אאKK 

 
٢E JאאאאRotational Coaxial RheometersW 

 
אF٦ J٢EאאאאK 

אאאאאאאאאא
אאW 

( )( )rrLT τπ2= 

dr
dr ωγ −= 
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ω 

 
אאאKאnא

  אא א  אאאא  K 
אn=1אW 
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אאאאאאא Kא
nאאאאNW 

Ni πω 2= 
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A
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אאאאאא0.267cm0.91m

אאאApple SauceK 

12.49 8.50 5.20 3.20 2.10 2.50 0.91 
Q(m3/s) 

1X10-4 

2.70 2.41 2.13 1.99 2.56 1.45 1.30 
∆P(pa) 

1X105 

אאאKאnK 


L
PLog

2
∆nLogQאאnK 

5.17 5.12 5.07 5.04 4.93 4.90 4.85 
L
PLog

2
∆  

-2.90 -3.07 -3.29 -3.50 -3.68 -3.82 -4.04 LogQ  

 א   א n=0.28 K א א      
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XLogXLog

LogLogLogKXLog
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( ) ( )131.1289.5229.0139.0854.4 −+−−+−= LogK 

606.0131.1289.5229.0139.0854.4 =+−−+=LogK 
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 א   א  א  א א א  א 274K

  א   א א א0.195m 0.1143m 
אKאאאKאnK 
 

14.2 14.6 15.4 15.5 16.0 16.6 µA(pa.s) 

100.0 50.0 20.0 10.0 05.0 02.5 N(r p m) 

1.152 1.164 1.188 1.19 1.204 1.22 ( )NLog π4 

1.321 1.02 0.622 0.321 0.02 -0.281 ALogµ 
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 
אאWאאאאאאאא

אאאאאאאK 
 

אאאWאאא٩٥K٪ 
 

אאאאW٨K 
 

אאWאאא
K 

 
אאWאאאאאא

אאאאאאאאאאא
אאאאאאאK 

 
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אW 
אאאא

 Qאאאאאא
m3/sאאאאMo

Kg/sKאW 
QM *0 ρ= 
AVQ *= 

AVM **0 ρ= 
W 

 VאK 
AאאאK 
ρאK 

 
 
 
 
 
 
 
 
 
 
 
 
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אאא 
אVenturi MeterW 

אאא
אא

אאאKא
אאK 

 

 
אF٧ J١EאK 

אאא12W 
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222111 VAVA ρρ = 
אאאאאW 

1

22
1

2211

A
VA

V

VAVA

=

=
 

א  א  12א א א   א  א
1א2W 

( ) hhhPPP ∆=−=∆=− γγ 2121 
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אCW 
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אF٧ J٢EK 

אא א
אאאא

 א אא א  K    א    1/2
אאאאאא

אאK 
 
 
 
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F١E 
 א א א  א   א  0.36mא  

אאא1א ٢D2=150mm D1=300mm
אא K 

אW 
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אאא 

אOrifice MeterW 

א
אK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٠.٦١٣٠٠٠Kאא
אאאאאא

 אא אK
אאאא

אK 

 
אF٧ J٣EK 

F٢E 
א0.3m/sאא30cmא

6cmאאאאא0.82؟ 



א ١٥٣ אא 
אאא אאאאא- אא 
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אW 
אאאאW 
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א ١٥٣ אא 
אאא אאאאא- אא 
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אאא 
Pitot TupeW 

 
אFאאEאאאK

Stagnation Pressure TapStatic Pressure TapאKא
 א  900 א א א א אא

א   א א א  אא א  א א  
 K   א א  אא  א    א א 

אKאאאאאאK
אאאK 

 
אF٧ J٤EK 
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 
אF٧ J٥EאאאK 

א١٢W 
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אW 

( )212 hhgCV −= 

אאאF אאאא
KEאאאאא



א ١٥٣ אא 
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א אאא K
אאKאאא

אאאK 
∫= rdrVQ π2 

2R
QV
π

= 

∫ ⎟
⎠
⎞

⎜
⎝
⎛= dr

R
rVV

2
 

F٣E 
    52.5mm  א 200litters/min   א

א אא  אאא 25Cm Hg 
אאאא200אlitters/minא0.61؟ 
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אאאVariable-Area meters W 
אאאאא
אאKאאאא

אKאאא
KאאאאאKאא

אאאאאאא،אאאא
אKאאKK

אאאK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 
אאאא،אא

אאאאאKאאאא
א،אאאא

אאKאאאאאKאא
א،אא

אאKאאאאאאא
אאאאאאאאFאKEא

אאאאאאאאאK
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אאאאאא

אK 
 



  

  

  

אא  

אאאאאאאאאא--  




א



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אאWא 

 
אאWאאאאאK 

 
אאWאאאאאאאא

אאאאאאאK 
 

אאאWאאא٩٥K٪ 
 

אאאאW٤K 
 

אאWאאא
K 

 
אאW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 

 
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אא 
אאאאאW 

אאW 
١K אאאאאאK 
٢K אאאאK 

 
 

 
F٨ J١EאK 
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 
 

F٨ J٢EאאאאאK 
 
 

 
F٨ J٣EK 

 
 
 
 
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 
F٨ J٤EK 

 

 

 

 

 
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 
אF٨ J٥EK 

 
F٨ J٦EאK 

 
 
 
 
 
 
 



א ١٥٣ אא 
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אא 
F١E 

  ، אא  א S.g= 1.081א 1.9cp
20C0    א  60Litters/min א א   

  Fא א KE  30אm26.65mm   א Kא
 אא  א  3m א א   א  12m א

אא35Kpaאאאא℅50
אא0.0088א 

 
אF٨ J٧E١K 

אW 
אW3/10811000*081.1*. mkggs w === ρρ 

אאWspacp .0019.0
1000

9.1
==µ 

אW222 000558.002665.0*
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mDA ===
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א ١٥٣ אא 
אאא אאאאא- א 

 
    
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אאאאאאא
א90032K 
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אאאאאאאFEא
אאאK=0.5אאW 
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22 ρρ
 

874.6012
81.9*2

79.1
81.9*1081

1000*353
81.9*2

00
22

++++=+++ ph 

mhh pp 35.19874.6012176.03.3300 =⇒++++=+++ 

mhp 35.19= 

אW 

pgQhP ρ= 

wP ltheoritica 2.20535.19*
60*1000

60*81.9*1081 == 

א50%אאW 

wPactual 4.410
5.0
2.205
== 

 
 



א ١٥٣ אא 
אאא אאאאא- א 

 
    

- ٦٢ - 

F٢E 
א103Litters/minאאאS.g = 1.22.0cp

אאSpray dryerKאא
   4.74Kpaא א  א  א   8m 

אK    3.81אcm40m  אK אא 
א 

 
אF٨ J٨E٢K 

אW 
אW3/12001000*2.1*. mkggs w === ρρ 

אאWspacp .002.0
1000
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==µ 

אW222 00114.00381.0*
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אאאאאאא
א90032K 



א ١٥٣ אא 
אאא אאאאא- א 

 
    
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אאאאאאאFEא
אאאK=0.5אאW 

g
VKhL 2

2

= 

∑ =+=

==

mh

mh

L

L

874.608.0794.6

08.0
81.9*2

51.1*5.0
2

 

lTp hhz
g

V
g

Phz
g

V
g

P
++++=+++ 2

2
2

2

2
1

2
1

1

1

22 ρρ
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 

874.60812.04.0000 ++++=+++ ph 
mhp 394.15= 
pgQhP ρ= 

wP ltheoritica 1.311394.15*
60*1000

103*81.9*1200 == 

wPactual 6.565
55.0

1.311
== 
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 
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 
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א ١٥٣ אא 
אאא אאאאא- א 

 
    
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אא 
אא 

 

 
F٨ J٩EאאK 

אאאאאParallel and Series ConnectionW 
אאאParallel connectionאא

אאW 
.....321 +++= HHHHT 

אאFQEK 
אאאSeries ConnectionאאאW 

.....321 +++= QQQQT 
אאHT K 

 

אF٨ J٩EאאK 



א ١٥٣ אא 
אאא אאאאא- א 

 
    
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 
אF٨ J١٠EאאK 

 
אF٨ J١١EאאאאK 
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