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RINGKASAN 

 Riyon Budi Kusuma, Program Studi Teknik Mesin, Fakultas Teknik, 

Universitas Lambung Mangkurat, Januari 2025. Analisis Performa dan Faktor yang 

Mempengaruhi Heat Exchanger Turbine Oil Cooler (Studi Kasus: Unit 1 & 2 PT. PLN 

Indonesia Power UBP Asam-Asam); Komisi Pembimbing, Ketua: Prof. Dr. Ir. 

Rachmat Subagyo, S.T., M.T., IPM., ACPE. 

 Turbine oil cooler Unit 1 dan Unit 2 PLTU Asam-Asam yang telah beroperasi 

sejak tahun 2000 mengalami penurunan kinerja yang bervariasi, ditandai dengan 

menurunnya efektivitas heat exchanger dalam mendinginkan oli pelumas bearing 

turbin. Kondisi ini berpotensi memperpendek umur bearing dan meningkatkan risiko 

kerusakan dini. Selama ini, tindakan cleaning dilakukan ketika suhu oli mencapai batas 

alarm, namun efektivitas cleaning perlu dievaluasi karena bersifat sementara, 

khususnya pada Unit 2. 

Penelitian ini bertujuan untuk mengevaluasi performa turbine oil cooler pada 

Unit 1 dan Unit 2, membandingkan kinerjanya, serta menganalisis faktor-faktor yang 

mempengaruhi penurunan performa berdasarkan parameter neraca panas, log mean 

temperature difference (LMTD), pressure drop, efisiensi heat exchanger, dan data 

operasional PLTU Asam-Asam. 

Hasil penelitian menunjukkan bahwa nilai neraca panas, LMTD, dan pressure 

drop pada unit 1 dan 2 berada dalam kondisi baik. Namun, efisiensi turbine oil cooler 

Unit 1 lebih tinggi dibandingkan Unit 2. Perbedaan efisiensi tersebut dipengaruhi oleh 

perbedaan discharge pressure pompa open loop auxiliary cooling water booster pump, 

meskipun sistem dan bukaan valve pada kedua unit identik. 

Penelitian selanjutnya disarankan untuk melakukan pengukuran kecepatan dan 

debit aliran menggunakan flow meter ultrasonik guna memungkinkan perhitungan 

koefisien perpindahan panas, serta melakukan analisis lebih lanjut terhadap penyebab 

perbedaan discharge pressure pompa pada Unit 1 dan Unit 2 PLTU Asam-Asam. 

 Kata kunci: alat penukar panas, performa, cangkang dan tabung, pembangkit 

listrik. 
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SUMMARY 

Riyon Budi Kusuma, Mechanical Engineering Study Program, Faculty of 

Engineering, Lambung Mangkurat University, January 2025. Analysis of the 

Performance and Factors Affecting Heat Exchanger Turbine Oil Coolers (Case Study: 

Units 1 & 2 of PT. PLN Indonesia Power UBP Asam-Asam); Advisory Committee, 

Chair: Prof. Dr. Ir. Rachmat Subagyo, S.T., M.T., IPM., ACPE. 

The turbine oil coolers of Units 1 and 2 of the Asam-Asam PLTU, which have 

been operating since 2000, have experienced varying degrees of performance decline, 

characterized by a decrease in the effectiveness of the heat exchanger in cooling the 

turbine bearing lubricating oil. This condition has the potential to shorten bearing life 

and increase the risk of premature failure. Previously, cleaning operations were 

performed when the oil temperature reached the alarm limit. However, the 

effectiveness of the cleaning operation needs to be evaluated due to its temporary 

nature, particularly in Unit 2.  

This study aimed to evaluate the performance of the turbine oil coolers in Units 

1 and 2, compare their performance, and analyze the factors influencing performance 

degradation based on heat balance parameters, log mean temperature difference 

(LMTD), pressure drop, heat exchanger efficiency, and operational data from the 

Asam-Asam Coal-fired Power Plant (PLTU Asam-Asam). The results showed that the 

heat balance, LMTD, and pressure drop values in Units 1 and 2 were in good condition. 

However, the efficiency of the turbine oil cooler in Unit 1 was higher than that of Unit 

2. This difference in efficiency was influenced by the difference in discharge pressure 

of the open-loop auxiliary cooling water booster pump, even though the systems and 

valve openings in both units were identical.  

Future research is recommended to measure flow velocity and discharge using 

an ultrasonic flow meter to enable the calculation of the heat transfer coefficient, as 

well as to further analyze the causes of the difference in pump discharge pressure in 

Units 1 and 2 of the Asam-Asam Coal-fired Power Plant.  

Keywords: heat exchanger, performance, shell and tube, power plant.



 

 

xii 

 

DAFTAR ISI 

LEMBAR KONSULTASI ............................................................................ i 

ORISINALITAS ........................................................................................  iii 

RIWAYAT HIDUP .....................................................................................  iv 

UCAPAN TERIMA KASIH ......................................................................  v 

RINGKASAN ............................................................................................. vii 

SUMMARY ..............................................................................................  viii 

DAFTAR ISI............................................................................................... ix 

DAFTAR GAMBAR ................................................................................  xii 

DAFTAR TABEL .....................................................................................  xiii 

DAFTAR SIMBOL ..................................................................................  xiv 

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

1.1 Latar Belakang ..................................................................................... 1 

1.2 Rumusan Masalah ................................................................................ 3 

1.3 Tujuan Penelitian ................................................................................. 3 

1.4 Batasan Masalah .................................................................................. 4 

1.5 Manfaat Penelitian ............................................................................... 4 

1.6 Sistematis Penulisan ............................................................................ 4 

BAB II TINJAUAN PUSTAKA................................................................... 6 

2.1 Penelitian Terdahulu ............................................................................ 6 

2.2 Pembangkit Listrik Tenaga Uap (Steam Power Plant) ...................... 12 

2.2.1 Boiler .......................................................................................... 13 

2.2.2 Turbin Uap .................................................................................. 14 

2.2.3 Generator .................................................................................... 15 

2.2.4 Kondensor ................................................................................... 16 

2.3 Siklus Rankine ................................................................................... 17 

2.3.1 Prinsip Kerja dan Konsep Siklus Rankine .................................. 18 

2.4 PLTU Asam – Asam .......................................................................... 20 

2.4.1 Siklus Uap dan Air ...................................................................... 21 

2.4.2 Siklus Pendingin PLTU Asam – Asam Unit 1 & 2 ..................... 23 

2.4.3 Siklus Pelumasan PLTU Asam – Asam Unit 1 & 2 .................... 26 

2.5 Dasar Termodinamika ........................................................................ 27 



 

 

xiii 

 

2.5.1 Tekanan (Pressure) ..................................................................... 27 

2.5.2 Temperatur .................................................................................. 28 

2.5.3 Volume Kontrol........................................................................... 28 

2.5.4 Steady Flow Process ................................................................... 29 

2.5.5 Laju Aliran Massa ....................................................................... 29 

2.5.6 Energi .......................................................................................... 30 

2.6 Alat Penukar Panas (Heat Exchanger) .............................................. 31 

2.6.1 Tipe – Tipe Aliran pada Heat Exchanger ................................... 32 

2.7 Peforma Heat Exchanger ................................................................... 33 

2.7.1 Neraca Panas (Heat Duty) .......................................................... 33 

2.7.2 Log Mean Temperature Differece (LMTD) ................................ 33 

2.7.3 Corrected LMTD ........................................................................ 33 

2.7.4 Flow Area ................................................................................... 34 

2.7.5 Mass Velocity (G) ........................................................................ 34 

2.7.6 Bilangan Reynolds (Re) .............................................................. 35 

2.7.7 Faktor perpindahan panas pada shell dan tube (Jh) .................... 35 

2.7.8 Koefisien Perpindahan Panas Sisi Tube ...................................... 35 

2.7.9 Fouling factor/Dirt Factor (Rd) ................................................. 36 

2.7.10 Pressure Drop Pada Tube ......................................................... 36 

2.7.11 Efisiensi Heat Exchanger ......................................................... 37 

2.8 ANOVA.............................................................................................. 38 

2.8.1 Software R .................................................................................. 38 

BAB III METODE PENELITIAN ............................................................ 41 

3.1 Waktu dan Tempat Penelitian ............................................................ 41 

3.2 Alat dan Bahan ................................................................................... 41 

3.3 Objek Penelitian ................................................................................ 42 

3.4 Variabel Penelitian ............................................................................. 42 

3.5 Diagram Alir Penelitian ..................................................................... 46 

3.6 Metode Pengumpulan Data ............................................................... 46 

3.7 Metode Pengolahan Data ................................................................... 48 

3.8 Penggunaan Software R ..................................................................... 49 

BAB IV HASIL DAN PEMBAHASAN .................................................... 51 



 

 

xiv 

 

4.1 Data yang Digunakan ........................................................................ 51 

4.1.1 Data Pada Sisi Tube .................................................................... 52 

4.1.2 Data Pada Sisi Shell .................................................................... 53 

4.2 Perhitungan Performa Turbine Oil Cooler ........................................ 53 

4.2.1 Neraca Panas ............................................................................... 53 

4.2.2 Log Mean Temperature Difference (LMTD) .............................. 55 

4.2.3 Pressure Drop Sisi Tube ............................................................. 55 

4.2.4 Efisiensi Heat Exchanger ............................................................ 58 

4.3 Pengujian ANOVA............................................................................. 59 

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

4.4.1 Performa Turbine Oil Cooler ...................................................... 61 

4.4.2 Pengaruh Cleaning Terhadap Efisiensi Turbine Oil Cooler ....... 76 

BAB V PENUTUP ...................................................................................... 82 

5.1 Kesimpulan ........................................................................................ 82 

5.2 Saran .................................................................................................. 82 

DAFTAR PUSTAKA ................................................................................. 84 

  



 

 

xv 

 

DAFTAR GAMBAR 

Gambar 2.1 Proses Konversi Energi Pada PLTU ........................................ 13 

Gambar 2.2 Komponen Boiler ..................................................................... 14 

Gambar 2.3 Turbin Uap PT. PLN Indonesia Power UBP Asam – Asam .... 15 

Gambar 2.4 PMG Generator ........................................................................ 16 

Gambar 2.5 Prinsip Kerja Kondensor .......................................................... 17 

Gambar 2.6 Tahapan Siklus Rankine ........................................................... 19 

Gambar 2.7 PLTU Asam – Asam................................................................. 21 

Gambar 2.8 Siklus Uap dan Air PLTU Asam – Asam ................................. 23 

Gambar 2.9 Siklus Pendingin Utama PLTU Asam - Asam Unit 1 & 2 ....... 24 

Gambar 2.10 Siklus Pendingin Open Loop PLTU Asam - Asam Unit 1 & 2..25 

Gambar 2.11 Siklus Pendingin Close Loop PLTU Asam - Asam Unit 1 & 2..25 

Gambar 2.12 Siklus Pelumasan PLTU Asam - Asam Unit 1 & 2 ................ 26 

Gambar 2.13 0 Sistem Tertutup (a) dan Sistem Terbuka (b) ....................... 28 

Gambar 2.14  Heat Exchanger Shell and Tube ............................................ 32 

Gambar 2.15 (a) Searah, (b) Berlawanan Arah, (c) Silang .......................... 32 

Gambar 2.16 Ragam Masing–Masing Kelompok ....................................... 38 

Gambar 2.17 Tampilan Desktop Window “R” ............................................ 40 

Gambar 3.1 Diagram Alir Penelitian ........................................................... 46 

Gambar 3. 2 Diagram Alir Penelitian .......................................................... 50 

Gambar 4.1 Pengambilan Data di Ruang MCR........................................... 51 

Gambar 4.2 Grafik Perbandingan Nilai Neraca Panas Bulan Agustus ........ 61 

Gambar 4.3 Grafik Perbandingan Nilai Neraca Panas Bulan September .... 62 

Gambar 4.4 Grafik Perbandingan Nilai Neraca Panas Bulan Oktober ........ 63 

Gambar 4.5 Grafik Perbandingan Nilai LMTD Bulan Agustus .................. 65 

Gambar 4.6 Grafik Perbandingan Nilai LMTD Bulan September .............. 66 

Gambar 4.7 Grafik Perbandingan Nilai LMTD Bulan Oktober .................. 67 

Gambar 4.8 Grafik Perbandingan Nilai Pressure Drop Bulan Agustus ...... 69 

Gambar 4.9 Grafik Perbandingan Nilai Pressure Drop Bulan September .. 70 

Gambar 4.10 Grafik Perbandingan Nilai Pressure Drop Bulan Oktober .... 71 

Gambar 4.11 Grafik Perbandingan Nilai Efisiensi Bulan Agustus .............. 72 

Gambar 4.12 Grafik Perbandingan Nilai Efisiensi Bulan September ......... 73 

Gambar 4.13 Grafik Perbandingan Nilai Efisiensi Bulan Oktober ............. 74 

Gambar 4.16 Perbandingan Sebelum dan Sesudah Cleaning Unit 1B ........ 76 

Gambar 4.17 Perbandingan  Ke-1 Cleaning Unit 2A .................................. 77 

Gambar 4.18 Perbandingan  Ke-2 Cleaning Unit 2A .................................. 77 

Gambar 4.19 Perbandingan  Ke-3 Cleaning Unit 2A .................................. 78 

Gambar 4.20 Perbandingan  Ke-4 Cleaning Unit 2A .................................. 78 

Gambar 4.21 Perbandingan  Ke-1 Cleaning Unit 2B .................................. 79 

Gambar 4.22 Perbandingan  Ke-2 Cleaning Unit 2B .................................. 79 

Gambar 4.23 Perbandingan  Ke-3 Cleaning Unit 2B .................................. 80 

Gambar 4.24 Perbandingan  Ke-4 Cleaning Unit 2B .................................. 80 

Gambar 4.25 Perbandingan  Ke-5 Cleaning Unit 2B .................................. 81 
 

  



 

 

xvi 

 

DAFTAR TABEL 

Tabel 2.1 Penelitian Terdahulu ...................................................................... 6 
Tabel 2.2 Hubungan Satuan Tekanan .......................................................... 27 

Tabel 3.1 Usulan Timeline Pelaksanaan Penelitian Skripsi ......................... 41 
Tabel 3.2 Pengambilan Data Harian Turbine Oil Cooler ............................ 45  

Tabel 4.1 Contoh Rekap Data Hasil Pengamatan ........................................ 52 

Tabel 4.2 Data spesifikasi heat exchanger sisi tube ..................................... 52 

Tabel 4.3 Data spesifikasi heat exchanger sisi shell .................................... 53 

Tabel 4.4 Tabel Residual Analysis ............................................................... 59 

Tabel 4.5 Analysis of variance ..................................................................... 60 

Tabel 4.6 Hasil Uji ANOVA Nilai Neraca Panas ......................................... 60 

Tabel 4.7 Hasil Uji ANOVA Nilai LMTD ................................................... 60 

Tabel 4.8 Hasil Uji ANOVA Nilai Efisiensi ................................................ 61 

Tabel 4.9 Nilai Rata-Rata Neraca Panas ...................................................... 64 

Tabel 4.10 nilai rata-rata LMTD .................................................................. 68 

Tabel 4.11 nilai rata-rata efisiensi ................................................................ 75 

  



 

 

xvii 

 

DAFTAR SIMBOL 

t1   : Inlet Sisi Tube 

t2  : Outlet Sisi Tube 

T1  : Inlet Sisi Shell 

T2  : Outlet Sisi Shell 

OD  : Diameter Luar Tube 

ID  : Diameter Dalam Tube/Shell 

Nt  : Jumlah Tube 

N  : Aliran Pass Tube 

L  : Panjang Tube 

Tr  : Temperatur Rata-Rata 

ρ  : Massa Jenis  

Cp  : Kapasitas Kalor Jenis 

W  : Laju Aliran Massa 

Q  : Laju Perpindahan Panas 

a't  : Flow Area Per Tube 

at  : Flow Area Sisi Tube 

Gt  : Kecepatan Massa Fluida Sisi Tube 

Ret  : Bilangan Reynolds di Sisi Tube 

µ  : Viskositas Fluida 

ΔPt  : Pressure Drop Sisi Tube 

F  : Friction Factor 

SGt  : Spesifik Grafity Air 

Φt  : Rasio Viskositas Air 

ΔPr  : Pressure Drop Aliran Kembali 

V2/2g : Head Kecepatan (Velocity Head) 

ΔPT : Pressure Drop Total 

Cc  : Panas Jenis Fluida Dingin 

Ch  : Panas Jenis Fluida Panas 

Qac  : Laju Perpindahan Panas Aktual 

Qmak : Laju Perpindahan Panas Maksimal 

neff  : Nilai Efisiensi 


	Skripsi_Riyon Budi Kusuma.pdf (p.1-104)

