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LAMPIRAN

Lampiran 1 Tabel hasil pengamatan pengujian debit aliran dan tekanan pada

pipa PVC

Pipa PVC

Data
ke-

PK
(◦)

Debit
aliran
(m3/s)

Belokan 1 Belokan 2 Belokan 3

Tekan
an di
titik 1
(Psi)

Tekana
n di
titik 2
(Psi)

Tekan
an di
titik 3
(Psi)

Tekan
an di
titik 4
(Psi)

Tekan
an di
titik 5
(Psi)

Tekan
an di
titik 6
(Psi)

1

50 0.00027 3.6 3.5 2.9 2.8 2.3 2.1
60 0.00035 3.9 3.7 3.3 2.9 2.5 2.3
70 0.00039 4 3.8 3.4 3 2.7 2.5
80 0.00042 4.2 3.9 3.6 3.3 2.8 2.4
90 0.00045 4.4 4.1 3.6 3.4 3.1 2.7

2

50 0.00026 3.4 3.3 2.9 2.8 2.3 2.1
60 0.00034 3.8 3.6 3.2 3 2.4 2.2
70 0.00038 3.9 3.7 3.3 3.1 2.6 2.3
80 0.00041 4.2 3.8 3.6 3.2 2.7 2.3
90 0.00048 4.6 4.1 3.7 3.3 2.9 2.5

3

50 0.00026 3.5 3.4 2.7 2.6 2.2 2
60 0.00032 3.6 3.5 3.2 3 2.3 2.1
70 0.00035 4.1 3.9 3.3 3.1 2.4 2.2
80 0.0004 4.2 4 3.4 3.1 2.8 2.4
90 0.00043 4.3 3.9 3.5 3.2 3 2.6

4

50 0.00025 3.5 3.4 2.7 2.6 2.3 2.1
60 0.00033 3.7 3.5 3.2 3 2.4 2.2
70 0.00038 4 3.8 3.3 3.1 2.6 2.4
80 0.00041 4.2 3.9 3.5 3.2 2.8 2.4
90 0.00046 4.5 4.1 3.6 3.2 2.9 2.5

5

50 0.00027 3.6 3.4 2.8 2.7 2.3 2
60 0.00035 3.8 3.6 3.2 3.1 2.5 2.3
70 0.00039 4 3.8 3.4 3.2 2.7 2.4
80 0.00042 4.2 3.9 3.6 3.4 2.7 2.4
90 0.00047 4.6 4.2 3.7 3.4 3 2.6

6

50 0.00025 3.4 3.1 2.7 2.6 2.3 2.2
60 0.00033 3.6 3.4 3.2 3 2.3 2.2
70 0.00038 4 3.8 3.3 3.1 2.6 2.3
80 0.00042 4.2 3.9 3.6 3.1 2.8 2.5
90 0.00046 4.5 4 3.7 3.4 2.9 2.5
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7

50 0.00024 3.3 3.2 2.6 2.5 2.1 1.9
60 0.00034 3.7 3.6 3.2 3.1 2.4 2.2
70 0.00038 4 3.8 3.2 3.1 2.5 2.2
80 0.0004 4.2 3.9 3.6 3.2 2.8 2.4
90 0.00047 4.6 4.2 3.7 3.2 2.9 2.4

8

50 0.00028 3.7 3.5 2.9 2.6 2.2 2
60 0.00035 3.8 3.6 3 2.9 2.3 2.1
70 0.0004 4.2 3.8 3.4 3.2 2.5 2.3
80 0.00045 4.4 4.1 3.8 3.2 2.7 2.4
90 0.00048 4.7 4.2 3.8 3.3 3 2.4

9

50 0.00027 3.5 3.4 2.8 2.6 2.2 2.1
60 0.00035 3.8 3.7 3.3 3.1 2.4 2.2
70 0.00039 4 3.8 3.4 3.2 2.6 2.3
80 0.00042 4.2 4 3.6 3.3 2.8 2.4
90 0.00047 4.6 4.1 3.7 3.3 2.9 2.6

10

50 0.00026 3.5 3.4 2.7 2.6 2.3 2.1
60 0.00033 3.6 3.5 3.2 3 2.4 2.3
70 0.00037 4.2 3.9 3.5 3 2.7 2.3
80 0.00044 4.4 4.2 3.7 3.1 2.8 2.4
90 0.00048 4.8 4.3 3.8 3.4 3.1 2.8

11

50 0.00029 3.8 3.7 2.8 2.6 2.2 2.1
60 0.00035 3.9 3.8 3.3 3 2.3 2.2
70 0.00038 4.2 4 3.5 3.1 2.6 2.3
80 0.00043 4.4 4.1 3.6 3.3 2.8 2.4
90 0.00048 4.7 4.3 3.7 3.5 3.1 2.6

12

50 0.00027 3.7 3.6 2.8 2.6 2.3 2.2
60 0.00034 3.8 3.6 3.2 2.9 2.5 2.3
70 0.00038 4.2 4 3.3 3 2.6 2.3
80 0.00043 4.4 4.1 3.6 3.1 2.9 2.5
90 0.00047 4.6 4.2 3.9 3.3 3 2.4

13

50 0.00028 3.6 3.5 2.8 2.7 2.4 2.3
60 0.00035 3.8 3.6 3.2 2.9 2.5 2.4
70 0.00039 4 3.8 3.4 2.9 2.6 2.4
80 0.00042 4.2 4 3.5 3.3 2.8 2.4
90 0.00045 4.5 4 3.6 3.3 2.9 2.7

14

50 0.00026 3.6 3.5 2.7 2.6 2.2 2.1
60 0.00034 3.8 3.7 3.2 2.9 2.3 2.2
70 0.00038 4.2 4 3.3 3 2.7 2.4
80 0.00043 4.4 4.1 3.5 3.1 2.8 2.5
90 0.00049 4.8 4.2 3.8 3.4 3.1 2.6

15

50 0.00027 3.7 3.6 2.8 2.6 2.1 2
60 0.00035 3.8 3.7 3.2 2.8 2.3 2.1
70 0.00039 4 3.8 3.3 3.2 2.5 2.3
80 0.00042 4.2 4 3.4 3.3 2.8 2.4
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90 0.00047 4.7 4.3 3.9 3.4 3.1 2.6

Lampiran 2 Tabel hasil pengamatan pengujian debit aliran dan tekanan pada

pipa HDPE

Pipa HDPE

Data
Ke -

PK
(◦)

Debit
aliran
(m3/s)

Belokan 1 Belokan 2 Belokan 3
Tekanan
di titik 1
(Psi)

Tekanan
di titik 2
(Psi)

Tekanan
di titik 3
(Psi)

Tekanan
di titik 4
(Psi)

Tekanan
di titik 5
(Psi)

Tekanan
di titik 6
(Psi)

1

50 0.00024 3.4 3.3 2.7 2.6 1.9 1.7
60 0.00035 3.7 3.5 3.3 2.8 2.3 2.2
70 0.00038 4.1 4 3.3 3.1 2.6 2.4
80 0.00041 4.2 4.1 3.5 3.2 2.8 2.5
90 0.00042 4.4 4.2 3.6 3.3 2.9 2.7

2

50 0.00025 3.3 3.2 2.7 2.6 2.1 1.8
60 0.00034 3.6 3.5 3.1 3 2.2 1.9
70 0.00035 3.7 3.6 3.2 2.8 2.5 2.2
80 0.00041 4.1 3.9 3.6 3.1 2.8 2.3
90 0.00045 4.3 4.2 3.8 3.3 2.9 2.5

3

50 0.00025 3.4 3.2 2.6 2.5 2.1 2
60 0.00033 3.6 3.5 3.2 2.9 2.3 2.1
70 0.00037 4 3.8 3.4 3 2.5 2.2
80 0.00041 4.3 4 3.7 3.3 2.8 2.4
90 0.00044 4.4 4.1 3.8 3.5 2.9 2.6

4

50 0.00025 3.4 3.2 2.6 2.5 2.1 2
60 0.00034 3.8 3.4 3.1 3 2.2 2.1
70 0.00036 4.1 3.7 3.3 3.1 2.4 2.3
80 0.00041 4.2 3.8 3.5 3.1 2.7 2.4
90 0.00045 4.4 4.1 3.7 3.3 2.8 2.5

5

50 0.00025 3.4 3.3 2.6 2.5 2 1.9
60 0.00033 3.6 3.5 3 2.7 2.2 2.1
70 0.00036 3.9 3.8 3.3 3 2.5 2.3
80 0.00042 4 3.9 3.5 3.3 2.6 2.4
90 0.00045 4.3 4.1 3.7 3.4 2.8 2.5

6

50 0.00024 3.2 3 2.6 2.3 2.1 2
60 0.00032 3.5 3.4 3 2.8 2.2 2.1
70 0.00036 3.8 3.6 3.2 3 2.5 2.2
80 0.00041 4.1 3.8 3.5 3.2 2.7 2.4
90 0.00045 4.3 4 3.6 3.3 2.8 2.5

7 50 0.00027 3.2 3.1 2.5 2.4 2 1.9
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60 0.00033 3.4 3.4 3.2 2.9 2.3 2
70 0.00036 3.8 3.7 3.3 3 2.5 2.3
80 0.00042 4.1 3.8 3.5 3.2 2.6 2.4
90 0.00044 4.2 4.1 3.6 3.3 2.8 2.4

8

50 0.00025 3.4 3.3 2.8 2.5 2 1.8
60 0.00035 3.6 3.5 3 2.7 2.2 2
70 0.00036 4 3.8 3.3 2.9 2.4 2.2
80 0.00041 4.1 3.9 3.7 3.2 2.5 2.3
90 0.00046 4.3 4 3.8 3.3 2.9 2.4

9

50 0.00023 3.4 3.3 2.6 2.4 2 1.9
60 0.00033 3.6 3.5 3.1 2.8 2.3 2.1
70 0.00036 3.7 3.6 3.2 3 2.5 2.2
80 0.00042 4 3.8 3.5 3.1 2.7 2.3
90 0.00045 4.3 4 3.6 3.2 2.9 2.4

10

50 0.00024 3.8 3.7 2.9 2.6 2.1 1.9
60 0.00033 4 3.8 3.1 2.6 2.1 1.8
70 0.00037 4.2 3.9 3.3 2.8 2.5 2.2
80 0.00041 4.4 4.1 3.5 3 2.8 2.4
90 0.00045 4.6 4.2 3.7 3.2 3 2.5

11

50 0.00024 3.8 3.7 2.8 2.4 2 1.7
60 0.00034 4 3.9 3.2 2.8 2.2 2
70 0.00035 4.2 4 3.3 2.9 2.6 2.2
80 0.00043 4.4 4.1 3.5 3.1 2.8 2.3
90 0.00046 4.5 4.2 3.8 3.3 3 2.5

12

50 0.00024 3.8 3.5 2.9 2.6 2.1 1.9
60 0.00034 4 3.8 3.2 2.8 2.2 2
70 0.00036 4.2 4 3.3 2.9 2.6 2.3
80 0.00043 4.4 4.1 3.5 3.1 2.8 2.5
90 0.00045 4.5 4.2 3.7 3.2 3 2.5

13

50 0.00025 3.6 3.5 2.9 2.6 2.1 1.9
60 0.00034 3.7 3.5 3.2 2.8 2.2 2
70 0.00037 3.8 3.6 3.3 2.9 2.6 2.3
80 0.00041 4.1 3.7 3.5 3.1 2.8 2.4
90 0.00045 4.4 4 3.6 3.3 3 2.5

14

50 0.00025 3.5 3.4 2.7 2.5 2.1 1.9
60 0.00034 3.7 3.5 3.2 2.8 2.2 2
70 0.00035 4 3.8 3.3 3 2.6 2.2
80 0.00041 4.2 4 3.5 3.2 2.8 2.3
90 0.00046 4.5 4.1 3.7 3.3 3 2.4

15
50 0.00024 3.2 3.1 2.5 2.1 1.9 1.4
60 0.00029 3.6 3.5 3 2.7 2.2 1.8
70 0.00036 4.1 4 3.2 2.9 2.3 2
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80 0.00041 4.3 3.9 3.3 3 2.7 2.3
90 0.00044 4.4 4 3.5 3.2 2.9 2.5

Lampiran 3 Tabel hasil perhitungan pengujian perbandingan kerugian aliran pada

pipa HDPE dan PVC

Jenis
pipa

PK
(◦)

Perubahan tekanan (ΔP) (Pa) Kecepatan
rata-rata
aliran
(m/s)

Bilangan
Reynold

Laju
aliran
massa
(kg/s)

Belokan 1 Belokan 2 Belokan 3

PVC

50 873.335 965.265 1103.161 0.9363 21140 0.2643
60 1057.196 1608.776 1149.126 1.2044 27195 0.3400
70 1516.846 1838.601 1838.601 1.3479 30435 0.3805
80 1884.566 2482.112 2574.042 1.4867 33569 0.4197
90 3079.658 2620.007 2941.762 1.6491 37234 0.4655

HDPE

50 919.300 1516.846 1332.986 0.8680 19600 0.2450
60 1011.231 2206.322 1424.916 1.1762 26558 0.3320
70 1241.056 2252.287 1884.566 1.2750 28789 0.3599
80 1838.601 2574.042 2436.147 1.4632 33038 0.4130
90 1976.497 2665.972 2849.832 1.5808 35694 0.4463
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Jenis
pipa

PK
(◦)

Total head losses (m)

Hazen-Williams Darcy-Weisbach

PVC

50 0.2437 0.4877
60 0.4034 0.7859
70 0.5052 0.9733
80 0.6146 1.1727
90 0.7562 1.4285

HDPE

50 0.2267 0.6366
60 0.4164 1.1349
70 0.4892 1.3223
80 0.6443 1.7158
90 0.7521 1.9858

Jenis
pipa

PK
(◦)

Mayor losses (m)

Metode
Hazen-
Williams

Metode Darcy-Weisbach

Halaand
(1983)

Serghides
(1) (1984)

Vatankah
&

Kouchak
(2008)

Buzelli
(2008)

Ghanbari
(2011)

Rata-rata
metode
Darcy-

Weisbach

PVC

50 0.1365 0.4573 0.3795 0.4608 0.1413 0.4633 0.3804
60 0.2259 0.7123 0.6466 0.7188 0.2416 0.7229 0.6085
70 0.2830 0.8689 0.8185 0.8774 0.3076 0.8826 0.7510
80 0.3442 1.0334 1.0040 1.0440 0.3797 1.0503 0.9023
90 0.4235 1.2418 1.2448 1.2551 0.4746 1.2629 1.0958

HDPE

50 0.1346 0.4987 0.7991 0.5026 0.4149 0.5067 0.5444
60 0.2471 0.8856 1.3836 0.8918 0.7674 0.8996 0.9656
70 0.2904 1.0326 1.5928 1.0396 0.9032 1.0488 1.1234
80 0.3824 1.3433 2.0176 1.3517 1.1926 1.3640 1.4538
90 0.4464 1.5580 2.2999 1.5673 1.3938 1.5816 1.6801
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Jenis
pipa

PK
(◦)

Persentasi kesalahan faktor gesek
Metode Darcy-Weisbach

Halaand
(1983)

Serghides
(1) (1984)

Vatankah
&

Kouchak
(2008)

Buzelli
(2008)

Ghanbari
(2011)

PVC

50 0.473 16.603 1.246 68.948 1.790
60 0.628 8.650 1.555 65.859 2.134
70 0.666 5.169 1.652 64.363 2.249
80 0.711 2.154 1.746 62.995 2.359
90 0.807 1.048 1.890 61.473 2.520

HDPE

50 22.550 96.370 23.508 1.960 24.510
60 21.988 90.590 22.849 5.712 23.926
70 28.131 97.645 29.001 12.085 30.149
80 29.177 94.025 29.989 14.685 31.170
90 31.796 94.557 32.584 17.909 33.799

Minor losses pada fittings

Pipa PVC
Fittings PK (◦) Jumlah Koefisien Minor losses (m)

Elbow
90◦

50 8 0.3 0.1072
60 8 0.3 0.1774
70 8 0.3 0.2222
80 8 0.3 0.2704
90 8 0.3 0.3326

Pipa HDPE
Fittings PK (◦) Jumlah Koefisien Minor losses (m)

Elbow
90◦

50 8 0.3 0.0921
60 8 0.3 0.1692
70 8 0.3 0.1988
80 8 0.3 0.2619
90 8 0.3 0.3057
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Lampiran 4 Tabel sifat air berdasarkan temperatur (Fundamental of Fluid

Mechanics 7th Edition byMunson, 1994)

Lampiran 5 Koefisien minor losses pada sambungan (Fittings) (Hafiz, 2019)
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Lampiran 6 Koefisien Hazen-Williams pada beberapa jenis pipa (Hafiz, 2019)

Lampiran 7 Nilai kekasaran permukaan pada beberapa jenis pipa (Chaurette, 2003)
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Lampiran 8 Dokumentasi pembuatan instalasi pipa PVC dan HDPE
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Lampiran 9 Dokumentasi pengambilan data pada pipa PVC dan HDPE di

Laboratorium Mesin fluida
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Lampiran 10 Tabel persentasi kenaikan pada tiap data

Jenis pipa PK
(◦)

Debit
aliran
(m3/s)

Mayor losses (%)
Minor
losses
(%)

Total head losses (%)

Metode
Hazen-
Williams

Metode
Darcy-

Weisbach

Hazen-
Williams

Darcy-
Weisbach

PVC

50 0.00027 0 0 0 0 0
60 0.00034 40 37 40 40 38
70 0.00038 52 49 52 52 50
80 0.00042 60 58 60 60 58
90 0.00047 68 65 68 68 66

HDPE

50 0.00025 0 0 0 0 0
60 0.00033 46 44 46 46 44
70 0.00036 54 52 54 54 53
80 0.00041 62 60 62 62 61
90 0.00045 71 70 71 71 70

Jenis
pipa

PK
(◦)

Debit
aliran
(m3/s)

Belokan 1 Belokan 2 Belokan 3

Tekanan
di titik 1
(%)

Tekanan
di titik 2
(%)

Tekanan
di titik 3
(%)

Tekanan
di titik 4
(%)

Tekanan
di titik 5
(%)

Tekanan
di titik 6
(%)

PVC

50 0.00027 0 0 0 0 0 0
60 0.00034 5 5 14 11 6 6
70 0.00038 12 11 17 15 13 10
80 0.00042 17 14 22 18 19 14
90 0.00047 22 17 25 21 25 19

HDPE

50 0.00025 0 0 0 0 0 0
60 0.00033 8 6 10 10 9 9
70 0.00036 12 10 16 16 22 21
80 0.00041 15 14 23 23 29 29
90 0.00045 21 22 26 26 34 33
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Jenis
pipa

PK
(◦)

Debit
aliran
(m3/s)

Perubahan tekanan (%)
Bilangan
Reynold
(%)

Belokan
1

Belokan
2

Belokan
3

PVC

50 0.00027 0 0 0 0
60 0.00034 17 40 4 22
70 0.00038 42 48 40 31
80 0.00042 54 61 57 37
90 0.00047 72 63 63 43

HDPE

50 0.00025 0 0 0 0
60 0.00033 45 11 6 26
70 0.00036 51 17 18 33
80 0.00041 61 22 29 40
90 0.00045 64 29 38 46

Jenis
pipa

PK
(◦)

Bilangan
Reynold
(%)

Rata-
rata
faktor
gesek
(%)

PVC

50 0 7
60 22 4
70 31 3
80 37 1
90 43 0

HDPE

50 0 5
60 26 3
70 33 2
80 40 1
90 46 0
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Jenis
pipa

PK
(◦)

Bilangan
Reynold
(%)

Belokan 1 Belokan 2 Belokan 3

Tekanan
di titik 1
(%)

Tekanan
di titik 2
(%)

Tekanan
di titik 3
(%)

Tekanan
di titik 4
(%)

Tekanan
di titik 5
(%)

Tekanan
di titik 6
(%)

PVC

50 0 0 0 0 0 0 0
60 22 5 5 14 11 6 6
70 31 12 11 17 15 13 10
80 37 17 14 22 18 19 14
90 43 22 17 25 21 25 19

HDPE

50 0 0 0 0 0 0 0
60 26 8 6 10 10 9 9
70 33 12 10 16 16 22 21
80 39 15 14 23 23 29 29
90 45 21 22 26 26 34 33

Jenis
pipa

PK
(◦)

Debit
aliran
(m3/s)

Mayor losses (%)

Metode
Darcy-

Weisbach

Metode
Hazen-
Williams

PVC

50 0.00027 0 0
60 0.00034 37 40
70 0.00038 49 52
80 0.00042 58 60
90 0.00047 65 10

HDPE

50 0.00025 0 0
60 0.00033 44 46
70 0.00036 52 54
80 0.00041 60 62
90 0.00045 70 71
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Jenis
pipa

PK
(◦)

Mayor losses(%) Perubahan tekanan (%)

Metode
Hazen-
Williams

Metode
Darcy-

Weisbach

Belokan
1

Belokan
2

Belokan
3

PVC

50 0 0 0 0 0
60 40 37 17 40 4
70 52 49 42 48 40
80 60 58 54 61 57
90 68 65 72 63 63

HDPE

50 0 0 0 0 0
60 46 44 45 11 6
70 54 52 51 17 18
80 62 60 61 22 29
90 71 70 64 29 38

Jenis
pipa

PK
(◦)

Debit
aliran
(m3/s)

Perubahan tekanan (%)

Belokan
1

Belokan
2

Belokan
3

PVC

50 0.00027 0 0 0
60 0.00034 17 40 4
70 0.00038 42 48 40
80 0.00042 54 61 57
90 0.00047 72 63 63

HDPE

50 0.00025 0 0 0
60 0.00033 45 11 6
70 0.00036 51 17 18
80 0.00041 61 22 29
90 0.00045 64 29 38
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Jenis Pipa PK
(o)

Laju
aliran
massa
(kg/s)

Faktor gesek

Halaand Serghides
Vatankah

&
Kouchak

Buzelli Ghanbari

PVC

50 0 12 0 12 0 12
60 22 7 3 7 3 7
70 31 5 4 4 5 4
80 37 2 4.7 2 6 2
90 43 0 5.4 0 8 0

HDPE

50 0 5 14 5 0 5
60 26 3 8 3 0 3
70 34 1.7 7 1.7 0.5 1.7
80 41 0.6 5 0.7 0.6 0.6
90 46 0 0 0 0.7 0

Jenis
pipa

PK
(◦)

Minor
losses
(%)

Belokan 1 Belokan 2 Belokan 3

Tekanan
di titik 1
(%)

Tekanan
di titik 2
(%)

Tekanan
di titik 3
(%)

Tekanan
di titik 4
(%)

Tekanan
di titik 5
(%)

Tekanan
di titik 6
(%)

PVC

50 0 0 0 0 0 0 0
60 40 5 5 14 11 6 6
70 52 12 11 17 15 13 10
80 60 17 14 22 18 19 14
90 68 22 17 25 21 25 19

HDPE

50 0 0 0 0 0 0 0
60 46 8 6 10 10 9 9
70 54 12 10 16 16 22 21
80 62 15 14 23 23 29 29
90 71 21 22 26 26 34 33
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Jenis
pipa

PK
(◦)

Mayor losses pada persen peningkatan (%) Perubahan tekanan
(%)

Metode
Hazen-
Williams

Metode Darcy-Weisbach

Halaand Serghides
Vatankah

&
Kouchak

Buzelli Ghanbari Belok
an 1

Belo
kan 2

Belo
kan 3

PVC

50 0 0 0 0 0 0 0 0 0
60 40 36 41 36 42 36 17 40 4
70 52 47 54 47 54 48 42 48 40
80 60 56 62 56 63 56 54 61 57
90 68 63 70 63 70 63 72 63 63

HDPE

50 0 0 0 0 0 0 0 0 0
60 47 46 44 46 48 46 45 11 6
70 57 56 53 56 57 56 51 17 18
80 64 65 61 65 64 64 61 22 29
90 71 70 67 71 72 71 64 29 38

Jenis
pipa

PK
(◦)

Metode perhitungan mayor losses (%)
Kecepatan
rata-rata
aliran (%)

Hazen-
Williams Halaand Serghides

Vatankah
&

Kouchak
Buzelli Ghanbari

PVC

50 0 0 0 0 0 0 0
60 40 36 41 36 42 36 22
70 52 47 54 47 54 48 31
80 60 56 62 56 63 56 37
90 68 63 70 63 70 63 43

HDPE

50 0 0 0 0 0 0 0
60 47 46 44 46 48 46 26
70 57 56 53 56 57 56 33
80 64 65 61 65 64 64 41
90 71 70 67 71 71 71 47



174

Lampiran 11 Gambaran aliran yang mengalir pada pipa PVC dan HDPE pada saat

pengambilan data
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