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ABSTRAK

Proses Modifikasi Cooling Tower Tipe Induced Draft Aliran Counterflow
bertujuan untuk meningkatkan performa cooling tower yang sebelumnya masih
terdapat kekurangan. Modifikasi cooling tower ini dilakukan dengan
menambahkan potongan - potongan pipa PVC setinggi 10 cm sebagai bahan
pengisi, mengganti exhaust fan yang lama dengan exhaust fan yang baru, serta
menambahkan komponen indikator seperti termometer dan RH meter. Pada
proses modifikasi cooling tower ini dilakukan dengan beberapa pendekatan
diantaranya termodinamika, perpindahan kalor dan mekanika fluida. Pengujian
tugas akhir ini dilakukan dengan menggunakan alat ukur thermometer,
thermohygrometer, anemometer, dan flowmeter pada cooling tower. Hasil
pengujian dengan menggunakan kapasitas 2 l/min sampai 22 l/min menunjukkan
bahwa efektivitas cooling tower berkisar 11,76 % s.d 29,74 % dengan rata - rata
20,84 %; cooling range 3,2ºC sampai 6,9ºC dengan rata-rata 5,11ºC; approach
berkisar 16,3ºC sampai 25,2ºC dengan rata-rata 19,87ºC. Kapasitas pendinginan
berkisar 0,67 kW s.d. 7,56 kW dengan rata - rata 4,17 kW. Perbandingan L/G
0,1758 s.d 0,7143 dengan rata - rata L/G 0,3168 (kg air/ kg udara). Number of
transfer unit (NTU) berkisar 0,1368 s.d. 1,5713 dengan rata - rata NTU 0,6950
kW/(kj/kg beda entalpi).
Kata kunci : cooling tower, modifikasi, cooling range, approach, efektivitas,
kapasitas pendinginan
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ABSTRACT

Modification Process Induced Draft Cooling Tower with Counterflow is
made to improve cooling tower performance that previously there are still
shortcomings. Cooling tower modification is done by adding the height of 10 cm
PVC pipe as a filler material, replacing the old exhaust fan exhaust fan with a
new one, and adding components such as temperature indicators temperature and
RH meter. In the process of cooling tower modification is done by several
approaches including thermodynamics, heat transfer and fluid mechanics. The
study was conducted by using a thermometer measuring devices,
thermohygrometer, anemometer, and a flowmeter on the cooling tower. The test
results by using the capacity of 2 l/min to 22 l/min showed that the effectiveness of
cooling tower range 11.76% to 29.74% with an average of 20.84%; cooling range
of 3.2 ºC to 6.9 ºC with an average of 5.11 ºC; approach ranges from 16.3 ºC to
25.2 ºC with an average of 19.87 ºC. Capacity of cooling range 0,67 kW to 7,56
kW with an average 4,17 kW. Comparison of L/G 0,1758 to 0,7143 with an
average L/G 0,3168 (kg water / kg air). Comparison of NTU about 0,1368 to
1,5713 with an average NTU 0,6950 kW/(kJ/kg different enthalpy).
Keywords : cooling tower, modification, cooling range, approach, effectiveness,
cooling capacity



xii

DAFTAR ISI

HALAMAN JUDUL ............................................................................................. i

HALAMAN PERNYATAAN ORISINALITAS ................................................. ii

SURAT TUGAS PROYEK AKHIR ................................................................... iii

HALAMAN PENGESAHAN ............................................................................. iv

HALAMAN PERNYATAAN PERSETUJUAN PUBLIKASI TUGAS AKHIR

UNTUK KEPENTINGAN AKADEMIS ............................................................. v

MOTTO DAN PERSEMBAHAN....................................................................... vi

KATA PENGANTAR ........................................................................................ vii

ABSTRAK........................................................................................................... ix

ABSTRACT............................................................................................................ x

DAFTAR ISI........................................................................................................ xi

DAFTAR GAMBAR ......................................................................................... xiv

DAFTAR TABEL.............................................................................................. xvi

DAFTAR LAMPIRAN..................................................................................... xvii

BAB I PENDAHULUAN..................................................................................... 1

1.1. Latar Belakang 1

1.2. Identifikasi Masalah 3

1.3. Pembatasan Masalah 4

1.4. Tujuan 4

1.5. Manfaat 5

1.6. Metode Penulisan 5

1.7. Sistematika Penulisan Laporan 6

BAB II LANDASAN TEORI............................................................................... 7

2.1. Pengertian Cooling Tower ....................................................................... 7

2.2. Fungsi Cooling Tower.............................................................................. 8

2.3. Prinsip Kerja Cooling Tower ................................................................... 9

2.4. Konstruksi Cooling Tower ..................................................................... 10

2.4.1. Fan ................................................................................................ 10

2.4.2. Kerangka Pendukung Cooling Tower ........................................... 11



xiii

2.4.3. Casing Cooling Tower .................................................................. 11

2.4.4. Pipa Sprinkler................................................................................ 11

2.4.5. Water Basin................................................................................... 11

2.4.6. Inlet Louver ................................................................................... 11

2.4.7. Bahan Pengisi................................................................................ 11

2.5. Klasifikasi Cooling Tower ..................................................................... 15

2.5.1. Wet Cooling Tower ....................................................................... 15

2.5.2. Dry Cooling Tower ....................................................................... 19

2.5.3. Wet - Dry Cooling Tower.............................................................. 20

2.6. Packing Cooling Tower ......................................................................... 21

2.6.1. Definisi Packing............................................................................ 21

2.6.2. Karakteristik Packing.................................................................... 21

2.6.3. Jenis Packing Cooling Tower ....................................................... 22

2.6.4. Cara Penyusunan Packing............................................................. 25

2.6.5. Karakteristik Random Packing ..................................................... 26

2.6.6. Keuntungan Penggunaan Random Packing .................................. 27

BAB III PROSES MODIFIKASI COOLING TOWER ...................................... 28

3.1. Perancangan ........................................................................................... 29

3.2. Pabrikasi Modifikasi Cooling Tower ..................................................... 30

3.2.1. Komponen Alat dan Bahan ........................................................... 30

3.2.2. Proses Pabrikasi ............................................................................ 36

3.3. Pengambilan Data .................................................................................. 39

3.3.1. Variabel Proses ............................................................................. 39

3.3.2. Prosedur Pengambilan Data .......................................................... 40

3.4. Analisa Performa Cooling Tower .......................................................... 41

3.4.1. Range ............................................................................................ 42

3.4.2. Approach ....................................................................................... 42

3.4.3. Efektivitas ..................................................................................... 42

3.4.4. Kapasitas Pendinginan .................................................................. 43

3.4.5. Kapasitas Perpindahan Udara ....................................................... 43

3.4.6. Kehilangan Penguapan.................................................................. 44

3.4.7. Perbandingan Cair/Gas (L/G) ....................................................... 44



xiv

3.4.8. Number of Transfer Unit (NTU)................................................... 45

BAB IV PROSES MODIFIKASI COOLING TOWER ...................................... 46

4.1. Hasil Modifikasi..................................................................................... 46

4.2. Data dan Kalkulasi Performa Cooling Tower ........................................ 51

4.3. Analisa Grafik ........................................................................................ 56

4.4. Pembahasan............................................................................................ 61

BAB V PENUTUP ............................................................................................. 63

5.1. Kesimpulan ............................................................................................ 63

5.2. Saran ...................................................................................................... 64

DAFTAR PUSTAKA

LAMPIRAN



xv

DAFTAR GAMBAR

Gambar 2.1. Range dan Approach Temperatur pada Cooling Tower .................. 7

Gambar 2.2. Skema Cooling Tower...................................................................... 9

Gambar 2.3. Konstruksi Cooling Tower ............................................................. 10

Gambar 2.4. Splash Fill ...................................................................................... 13

Gambar 2.5. Film Fill ......................................................................................... 14

Gambar 2.6. Low - Clog Film Fill ...................................................................... 14

Gambar 2.7. Natural Draft Cooling Tower Aliran Counterflow ........................ 16

Gambar 2.8. Natural Draft Cooling Tower Aliran Crossflow ............................ 16

Gambar 2.9. Induced Draft Cooling Tower Aliran Counterflow ........................ 18

Gambar 2.10. Induced Draft Cooling Tower Aliran Crossflow.......................... 18

Gambar 2.11. Combined Draft Cooling Tower .................................................. 19

Gambar 2.12. Wet - Dry Cooling Tower ............................................................. 21

Gambar 2.13. Macam - Macam Jenis Packing ................................................... 24

Gambar 2.14. Penyusunan Random Packing ...................................................... 25

Gambar 3.1. Rancangan Modifikasi Cooling Tower Tipe Induced Draft Aliran

Counterflow......................................................................................................... 29

Gambar 3.2. Thermo Hygro Meter ..................................................................... 30

Gambar 3.3. Thermometer .................................................................................. 30

Gambar 3.4. Pipa PVC........................................................................................ 31

Gambar 3.5. Exhaust Fan ................................................................................... 31

Gambar 3.6. Adaptor........................................................................................... 32

Gambar 3.7. Pipa Elbow ..................................................................................... 32

Gambar 3.8. Saringan Besi ................................................................................. 33

Gambar 3.9. Selang 1 Inchi................................................................................. 33

Gambar 3.10. Klem Selang ................................................................................. 34

Gambar 3.11. Plat Besi ....................................................................................... 34

Gambar 3.12. Kabel ............................................................................................ 35

Gambar 3.13. Saklar ........................................................................................... 35

Gambar 3.14. Rangkaian Cooling Tower Awal.................................................. 36



xvi

Gambar 3.15. Range dan Approach Cooling Tower ........................................... 41

Gambar 3.16. NTU Cooling Tower .................................................................... 45

Gambar 4.1. Packing........................................................................................... 46

Gambar 4.2. Pemasangan Exhaust Fan pada Dudukan ...................................... 47

Gambar 4.3. Pemasangan Distributor Air........................................................... 48

Gambar 4.4. Indikator Ketinggian Air ................................................................ 48

Gambar 4.5. Pemasangan Instrumen Cooling Tower ........................................ 49

Gambar 4.6. Hasil Modifikasi Cooling Tower.................................................... 50

Gambar 4.7. Grafik L/G dan Efektifitas ............................................................. 54

Gambar 4.8. Grafik NTU dan Kapasaitas Pendinginan ...................................... 55

Gambar 4.9. Diagram Psychrometric Aliran Air 22 LPM.................................. 56

Gambar 4.10. Diagram Psychrometric Aliran Air 20 LPM................................ 56

Gambar 4.11. Diagram Psychrometric Aliran Air 19 LPM................................ 57

Gambar 4.12. Diagram Psychrometric Aliran Air 13 LPM................................ 57

Gambar 4.13. Diagram Psychrometric Aliran Air 11 LPM................................ 58

Gambar 4.14. Diagram Psychrometric Aliran Air 10 LPM................................ 58

Gambar 4.15. Diagram Psychrometric Aliran Air 5 LPM.................................. 59

Gambar 4.16. Diagram Psychrometric Aliran Air 3 LPM.................................. 59

Gambar 4.17. Diagram Psychrometric Aliran Air 2 LPM.................................. 60



xvii

DAFTAR TABEL

Tabel 2.1. Karakteristik Random Packing .......................................................... 26

Tabel 4.1. Data Hasil Pengujian Cooling Tower Laju Alir Shell Maximum...... 51

Tabel 4.2. Hasil Pengolahan Data Laju Alir Shell Maximum ............................ 51

Tabel 4.3. Data Hasil Pengujian Cooling Tower Laju Alir Shell Medium ......... 52

Tabel 4.4. Hasil Pengolahan Data Laju Alir Shell Medium ............................... 52

Tabel 4.5. Data Hasil Pengujian Cooling Tower Laju Alir Shell Minimum....... 53

Tabel 4.6. Hasil Pengolahan Data Laju Alir Shell Minimum ............................. 53

Tabel 4.7. Tabel Perbandingan L/G dengan Efektifitas...................................... 54

Tabel 4.7. Tabel Perbandingan NTU dan Kapasitas Pendinginan...................... 55



xviii

DAFTAR LAMPIRAN

Lampiran 1. Data Percobaan Modifikasi Cooling Tower ................................... 66

Lampiran 2. Sampel Perhitungan Data Aliran Air 22 LPM ............................... 67

Lampiran 3. Diagram Psychrometric.................................................................. 70

Lampiran 4. Gambar Modifikasi Cooling Tower ............................................... 71

Lampiran 5. Diagram Alir Cooling Tower.......................................................... 72


