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LAMPIRAN 

 

Perhitungan kontrol tegangan 

 

  Perhitungan Efisiensi Dengan Kontrol Tegangan 80% : 

a. Perhitungan kerugian energi 

Diketahui : 

 d   = 0,013𝑚 

 𝑄 = 6,20 𝑙
𝑚  = 0,1033 ×  10−3 𝑚3

𝑠   

  𝐴   =  
1

4
 ×

22

7
× 0,013𝑚 = 0,13 × 10−3𝑚2 

 

𝑣𝑑   =
𝑄

𝐴  =  
0,1033 × 10−3𝑚3

𝑠    

0,13×10−3𝑚2  = 0,7948 𝑚
𝑠  

𝜌  = 1000
𝑘𝑔

𝑚3   

 𝜇  = 1,002 × 10−3      

 𝑅𝑒 =  
𝜌×𝑣×𝑑

𝜇
  = 

1000
𝑘𝑔

𝑚3 ×0,7948𝑚
𝑠 ×0,013𝑚

1,002×10−3  =  10312,707 

 dari grafik bilangan Reynold didapat 𝑓𝑑 = 0,0302 

 

 Maka Kerugian energi karena gesekan : 

a. 𝑕1 = 𝑓𝑑    𝐿𝑒 𝑑  (𝑣𝑑
2 2𝑔 )  

  =0,0302  1,88 m
0,013𝑚  (0,7948 𝑚 𝑠 

2
 2 × 9,81) 

 = 4,3095 × 0,0321 = 0,1401 𝑚    

b. 𝑕2 = 7 × 𝑓𝑑   𝐿𝑒 𝑑   (𝑣𝑑
2 2𝑔 )      

= 7 × 0,0302 20  ( 0,7948 𝑚 𝑠 
2
 2 × 9,81) 

     = 4,172 × 0,0321 = 0,1357𝑚 
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c. 𝑕3 = 3× 𝑓𝑑   𝐿𝑒 𝑑  (𝑣𝑑
2 2𝑔 ) 

  = 3 × 0,0302  13 (0,7948 𝑚 𝑠 
2
 2 × 9,81)  

 = 1,1622 × 0,0321 = 0,0378𝑚 

 

d. 𝑕4 = 𝑘(𝑣𝑑
2 2𝑔 ) 

= 1 × 0,0321= 0,0321𝑚 

 

Total kerugian energi , 𝑕𝑙= 𝑕1 + 𝑕2 + 𝑕3 + 𝑕4  

 𝑕𝑙= 0,1383 𝑚  + 0,1339𝑚 + 0,0373 + 0,0321𝑚 

 

                 =0,3457𝑚 

 

b.  Perhitungan persamaan energi 

Diketahui : 

 𝛾 = 9810 𝑁 𝑚3   

   𝑕𝑙 = 0,10𝑚 

             ∆Z = 0,765m  

 

Maka        : 

 

PA = PB + 𝛾   ZA − ZB  +  
VA

2 

2𝑔
+

VA
2

2𝑔
 + hl  

                           PA = 0 + 9810 𝑁
𝑚3   0,765m  +  0 + 0,3457𝑚  

    PA = 9810 𝑁
𝑚3  1,1066𝑚  

                               PA =10855,746 𝑃𝑎  =10855,746 N/m
2 

 

c. Perhitungan daya hidrolik pompa 

 

Phyd = Q × P dengan Q = 10 l/min dan P = 10855,746N/m
2
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Phyd = 0,1033 × 10−3 𝑚3

𝑠  × 10855,746N/m
2
 

Phyd =0,1033 × 10−3 × 10855,746[m
3
/s] × [kg / m×s

2
]  

Phyd = 1,1213[kg × m
2
/s

3
] 

Phyd = 1,1213W 

d. Perhitungan efisiensi 

 = Phyd / Pl 

 = 1,1255W / 15,00W = 0,074 W 

 = 7,5 % 

 

Perhitungan Efisiensi Dengan Kontrol Tegangan 85% : 

a. Perhitungan kerugian energi 

Diketahui : 

 d   = 0,013𝑚 

 𝑄 = 8,8 𝑙
𝑚  = 0,1466 × 10−3 𝑚3

𝑠   

  𝐴   =  
1

4
 ×

22

7
× 0,013𝑚 = 0,13 × 10−3𝑚2 

 

𝑣𝑑   =
𝑄

𝐴  =  
0,1466 × 10−3𝑚3

𝑠   

0,13×10−3𝑚2  = 1,1276 𝑚 𝑠  

𝜌  = 1000
𝑘𝑔

𝑚3   

 𝜇  = 1,002 × 10−3      

 𝑅𝑒 =
𝜌 × 𝑣 × 𝑑

𝜇 = 
1000

𝑘𝑔
𝑚3 ×0,1466× 10−3𝑚3

𝑠 ×0,013𝑚

1,002×10−3  =  14630,73 

 dari grafik bilangan Reynold didapat 𝑓𝑑 = 0,0281 

 

 Maka Kerugian energi karena gesekan : 

a. 𝑕1 = 𝑓𝑑    𝐿𝑒 𝑑  (𝑣𝑑
2 2𝑔 )  
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  =0,0281  1,88 m
0,013𝑚  (1,1276 𝑚 𝑠 

2
 2 × 9,81) 

 = 3,0658 × 0,0648 = 0,2633 𝑚    

b. 𝑕2 = 7 × 𝑓𝑑   𝐿𝑒 𝑑   (𝑣𝑑
2 2𝑔 ) 

     = 7 × 0,0281 20  ( 1,1276 𝑚 𝑠 
2
 2 × 9,81) 

     = 2,968 × 0,0648 = 0,2549𝑚 

c. 𝑕3 = 3× 𝑓𝑑   𝐿𝑒 𝑑  (𝑣𝑑
2 2𝑔 ) 

  = 3 × 0,0281  13 (1,1276 𝑚 𝑠 
2
 2 × 9,81)  

 = 0,8268 × 0,0648 = 0,0163 

 

d. 𝑕4 = 𝑘(𝑣𝑑
2 2𝑔 ) 

= 1 × 0,0648= 0,0648m 

 

Total kerugian energi , 𝑕𝑙= 𝑕1 + 𝑕2 + 𝑕3 + 𝑕4  

        𝑕𝑙   = 0,1986 𝑚 + 0,1923𝑚 + 0,0163 + 0,0648m 

 

                 = 0,5993𝑚 

 

b.  Perhitungan persamaan energi 

Diketahui : 

 𝛾 = 9810 𝑁 𝑚3   

   𝑕𝑙 = 0,10𝑚 

            ∆Z = 0,765m  

 

Maka        : 

 

PA = PB + 𝛾   ZA − ZB  +  
VA

2 

2𝑔
+

VA
2

2𝑔
 + hl  

                           PA = 0 + 9810 𝑁
𝑚3   0,765m  +  0 + 0,5993𝑚  
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    PA = 9810 𝑁
𝑚3  1,2742𝑚  

                               PA =13383,783 𝑃𝑎  = 13383,783N/m
2 

 

c. Perhitungan daya hidrolik pompa 

 

Phyd = Q × P dengan Q = 10 l/min dan P = 13383,783N/m
2
 

Phyd = 0,1466 × 10−3 𝑚3

𝑠  × 13383,783N/m
2
 

Phyd =0,1466 × 10−3 × 13383,783[m
3
/s] × [kg / m×s

2
]  

Phyd = 1,9620[kg × m
2
/s

3
] 

Phyd = 1,9620W 

d. Perhitungan efisiensi 

 = Phyd / Pl 

 = 1,962 W / 18,93 W = 0,0968W 

 = 10,36 % 

 

Perhitungan Efisiensi Dengan Kontrol Tegangan 90% : 

a. Perhitungan kerugian energi 

Diketahui : 

 d   = 0,013𝑚 

 𝑄 = 9,10 𝑙
𝑚  = 0,1516 ×  10−3 𝑚3

𝑠   

  𝐴   =  
1

4
 ×

22

7
× 0,013𝑚 = 0,13 × 10−3𝑚2 

 

𝑣𝑑   =
𝑄

𝐴  =  
0,1516 × 10−3𝑚3

𝑠  

0,13×10−3𝑚2
 = 1,1667 𝑚 𝑠  

𝜌  = 1000
𝑘𝑔

𝑚3   
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 𝜇  = 1,002 × 10−3      

 𝑅𝑒 =
𝜌 × 𝑣 × 𝑑

𝜇 = 
1000

𝑘𝑔
𝑚3 ×1,1667 𝑚 𝑠 ×0,013𝑚

1,002×10−3  =  15136,393 

 dari grafik bilangan Reynold didapat 𝑓𝑑 = 0,0278 

 

 Maka Kerugian energi karena gesekan : 

a. 𝑕1 = 𝑓𝑑    𝐿𝑒 𝑑  (𝑣𝑑
2 2𝑔 )  

  =0,0278  1,88 m
0,013𝑚  (1,1667 𝑚 𝑠 

2
 2 × 9,81) 

 = 3,008 × 0,06937 = 0,2788𝑚    

b. 𝑕2 = 7 × 𝑓𝑑   𝐿𝑒 𝑑  (𝑣𝑑
2 2𝑔 ) 

     = 7 × 0,0278 20  ( 1,1667 𝑚 𝑠 
2
 2 × 9,81) 

     = 2,9212 × 0,06937 = 0,2699𝑚 

c. 𝑕3 = 3× 𝑓𝑑   𝐿𝑒 𝑑  (𝑣𝑑
2 2𝑔 ) 

  = 3 × 0,0278   13 (1,1667 𝑚 𝑠 
2
 2 × 9,81)  

 = 0,08112 × 0,06937 = 0,0752𝑚 

 

d. 𝑕4 = 𝑘(𝑣𝑑
2 2𝑔 ) 

= 1 × 0,06937= 0,06937m 

 

Total kerugian energi , 𝑕𝑙= 𝑕1 + 𝑕2 + 𝑕3 + 𝑕4  

       𝑕𝑙 = 0,20866 𝑚 + 0,202𝑚 + 0,0562𝑚 + 0,06937m 

 

               = 0,6932𝑚 

 

b.  Perhitungan persamaan energi 

Diketahui : 

 𝛾 = 9810 𝑁 𝑚3   

   𝑕𝑙 = 0,10𝑚 
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            ∆Z = 0,765m  

 

Maka        : 

 

PA = PB + 𝛾   ZA − ZB  +  
VA

2 

2𝑔
+

VA
2

2𝑔
 + hl  

                           PA = 0 + 9810 𝑁
𝑚3   0,765m  +  0 + 0,6932𝑚  

    PA = 9810 𝑁
𝑚3  1,30123𝑚  

                               PA =14305 𝑃𝑎  = 14305 N/m
2 

 

c. Perhitungan daya hidrolik pompa 

 

Phyd = Q × P dengan Q = 10 l/min dan P = 14305N/m
2
 

Phyd = 0,1516 × 10−3 𝑚3

𝑠  × 14305 N/m
2
 

Phyd =0,1516 × 10−3 × 14305[m
3
/s] × [kg / m×s

2
]  

Phyd = 2,1687 [kg × m
2
/s

3
] 

Phyd = 2,1687W 

d. Perhitungan efisiensi 

 = Phyd / Pl 

 = 2,1687W / 19,58 W = 0,110 W 

 = 11,07 % 

Perhitungan Efisiensi Dengan Kontrol Tegangan 10 : 

a. Perhitungan kerugian energi 

Diketahui : 

 d   = 0,013𝑚 

 𝑄 = 10 𝑙
𝑚  = 0,1666 ×  10−3 𝑚3

𝑠   

  𝐴   =  
1

4
 ×

22

7
× 0,013𝑚 = 0,13 × 10−3𝑚2 
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𝑣𝑑   =
𝑄

𝐴  =  
0,1666 × 10−3𝑚3

𝑠  

0,13×10−3𝑚2  = 1,2815 𝑚 𝑠  

𝜌  = 1000
𝑘𝑔

𝑚3   

 𝜇  = 1,002 × 10−3      

 𝑅𝑒 =
𝜌 × 𝑣 × 𝑑

𝜇 = 
1000

𝑘𝑔
𝑚3 ×0,1666× 10−3𝑚3

𝑠 ×0,013𝑚

1,002×10−3
 = 16626,74 

 dari grafik bilangan Reynold didapat 𝑓𝑑 = 0,027 

 

 Maka Kerugian energi karena gesekan : 

a. 𝑕1 = 𝑓𝑑    𝐿𝑒 𝑑  (𝑣𝑑
2 2𝑔 )  

   =0,027  1,88 m
0,013𝑚  (1,2815 𝑚 𝑠 

2
 2 × 9,81) 

  = 2,9067 × 0,0837 = 0,3268 𝑚    

b.  𝑕2 = 7 × 𝑓𝑑  𝐿𝑒 𝑑   (𝑣𝑑
2 2𝑔 )  

      = 7 ×  0,027 20  ( 1,2815 𝑚 𝑠 
2
 2 × 9,81) 

      = 2,772 × 0,0837 = 0,3163𝑚 

c.  𝑕3 = 3× 𝑓𝑑  𝐿𝑒 𝑑  (𝑣𝑑
2 2𝑔 )  

  = 3 × 0,027 13 (1,2815 𝑚 𝑠 
2
 2 × 9,81)  

  = 0,7722 × 0,0837 = 0,0881𝑚 

 

d.  𝑕4 = 𝑘(𝑣𝑑
2 2𝑔 ) 

 = 1 × 0,0837= 0,0837m 

 

Total kerugian energi , 𝑕𝑙= 𝑕1 + 𝑕2 + 𝑕3 + 𝑕4  

          𝑕𝑙 = 0,3268𝑚 + 0,3163𝑚 + 0,0881𝑚 + 0,0837m 

 

                 = 0,8149𝑚 

ANALISA EFISIENSI TEGANGAN POMPA SUBMERSIBEL PADA ALAT ENVIROMENTAL DISCOVERY
SYSTEM (EDS) PT. FESTO
INDONESIA
CHAYRUL IKHSAN RACHM, Ir. F. Eko Wismo Winarto, M.Sc., Ph.D.
Universitas Gadjah Mada, 2015 | Diunduh dari http://etd.repository.ugm.ac.id/



 
 
 Bab V Penutup 
 

Laporan tugas akhir  
 

 

b.  Perhitungan persamaan energi 

Diketahui : 

 𝛾 = 9810 𝑁 𝑚3   

   𝑕𝑙 = 0,10𝑚 

            ∆Z = 0,765m  

 

Maka        : 

 

PA = PB + 𝛾   ZA − ZB  +  
VA

2 

2𝑔
+

VA
2

2𝑔
 + hl  

                           PA = 0 + 9810 𝑁
𝑚3   0,765m  +  0 + 0,8149𝑚  

    PA = 9810 𝑁
𝑚3  1,3885𝑚  

                               PA =13621,5101 𝑃𝑎  = 13621,5101 N/m
2 

 

c. Perhitungan daya hidrolik pompa 

 

Phyd = Q × P dengan Q = 10 l/min dan P = 13621,5101 N/m
2
 

Phyd = 0,1666 × 10−3 𝑚3

𝑠  × 13621,5101 N/m
2
 

Phyd =0,1666 × 10−3 × 13621,5101 [m3
/s] × [kg / m×s

2
]  

Phyd = 2,2693 [kg × m
2
/s

3
] 

Phyd = 2,2693 W 

d. Perhitungan efisiensi 

 = Phyd / Pl 

 = 2,582W / 25 W = 0,09 W 

 = 10,30 % 
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Komponen-komponen 

 

 

W-PUR: Water Purification System 

W-SUP: Water Supply System 

 

 (lanjutan) 
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WW-TRA: Wastewater Transport System 

WW-TRE: Wastewater Treatment System 

 

(lanjutan) 
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WW-TRE: Wastewater Treatment System 
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