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ABSTRAK 

Nazwa Ananda Mesa. 2212017. Evaluasi Kinerja Alat Penukar Kalor Tipe 

Plate Heat Exchanger (PHE) E304 dengan Menggunakan Metode NTU. 

 

Industri pengolahan minyak kelapa sawit memiliki peran strategis dalam 

perekonomian nasional, terutama pada tahap refinery yang memerlukan kontrol 

suhu ketat untuk menjaga kualitas produk. Salah satu alat penting dalam proses ini 

adalah Plate Heat Exchanger (PHE), termasuk unit PHE E304 yang digunakan 

untuk menurunkan temperatur minyak RBDPKO sebelum masuk ke tangki 

penyimpanan. Penelitian ini bertujuan untuk mengevaluasi kinerja termal alat PHE 

E304 menggunakan pendekatan teoritis metode Number of Transfer Units (NTU) 

dengan konfigurasi aliran berlawanan (counter-current). Evaluasi dilakukan 

berdasarkan perhitungan nilai NTU dan efektifitas termal (ε) dengan 

mempertimbangkan kapasitas panas fluida dan parameter operasional lainnya. 

Hasil pengolahan data menunjukkan bahwa rata-rata nilai efektifitas PHE E304 

adalah sebesar 44,19%, yang berada di bawah standar performa optimal alat yaitu 

50–70%. Nilai ini menunjukkan bahwa perpindahan panas belum berjalan secara 

maksimal. Penurunan efektifitas ini diduga disebabkan oleh pembentukan fouling 

dan scaling pada permukaan pelat, penurunan nilai koefisien perpindahan panas 

menyeluruh (U), fluktuasi temperatur fluida panas, serta laju alir fluida dingin yang 

kurang optimal. Evaluasi ini menegaskan pentingnya pengendalian parameter 

termal dan perawatan berkala agar kinerja alat tetap terjaga. Studi ini diharapkan 

dapat memberikan rekomendasi teknis untuk peningkatan efisiensi energi dan 

kualitas produk di industri refinery kelapa sawit. 

 

Kata kunci: Plate Heat Exchanger, efektifitas termal, metode NTU, aliran 

berlawanan, minyak sawit, refinery, fouling, scaling 

  



 

 

vi 

 

ABSTRACT 

Nazwa Ananda Mesa. 2212017. Performance Evaluation of Plate Heat 

Exchanger (PHE) E304 Using the NTU Method.  

 

The palm oil processing industry plays a strategic role in the national economy, 

particularly during the refinery stage where precise temperature control is essential 

for maintaining product quality. One of the crucial components in this process is 

the Plate Heat Exchanger (PHE), including the E304 unit, which functions to reduce 

RBDPKO oil temperature before storage. This study aims to evaluate the thermal 

performance of the PHE E304 using a theoretical approach based on the Number of 

Transfer Units (NTU) method under a counter-current flow configuration. The 

evaluation was carried out by calculating the NTU and thermal effectiveness (ε), 

considering fluid heat capacity and other operational parameters. The results show 

that the average effectiveness of PHE E304 is 44.19%, which is below the standard 

optimal performance range of 50–70%. This indicates that the heat transfer process 

is not fully optimized. The reduced effectiveness is suspected to be caused by 

fouling and scaling on the plate surfaces, a decline in the overall heat transfer 

coefficient (U), fluctuating hot fluid temperatures, and suboptimal cold fluid flow 

rates. This evaluation highlights the importance of thermal parameter control and 

regular maintenance to maintain equipment performance. The study is expected to 

provide technical recommendations for improving energy efficiency and product 

quality in the palm oil refinery industry. 

 

Keywords: Plate Heat Exchanger, thermal effectiveness, NTU method, counter-

current flow, palm oil, refinery, fouling, scaling 

  



 

 

vii 

 

DAFTAR ISI 

Halaman 

LEMBAR PENGESAHAN TUGAS AKHIR ..................................................... ii 

KATA PENGANTAR .......................................................................................... iii 

ABSTRAK ..............................................................................................................v 

ABSTRACT ........................................................................................................... vi 

DAFTAR ISI ........................................................................................................ vii 

DAFTAR TABEL ................................................................................................ ix 

DAFTAR GAMBAR ..............................................................................................x 

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

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

1.2 Tujuan Penelitian ...................................................................................3 

1.3 Batasan Masalah .....................................................................................3 

BAB II TINJAUAN PUSTAKA ............................................................................4 

2.1 Perpindahan Kalor ..................................................................................4 

2.2 Heat Exchanger ......................................................................................6 

2.3 Pengertian dan Mekanisme Plate Heat Exchanger ................................7 

2.4 Komponen Utama Plate Heat Exchanger ..............................................8 

2.5 Efektifitas Plate Heat Exchanger .........................................................10 

2.6 Faktor-Faktor yang Mempengaruhi Efektifitas PHE ...........................12 

BAB III METODOLOGI PENELITAN ............................................................14 

3.1 Waktu dan Tempat Penelitian ..............................................................14 

3.2 Alat dan Bahan Penelitian ....................................................................14 

3.3 Prosedur Penelitian ...............................................................................14 

3.4 Teknik Pengumpulan Data ...................................................................15 

3.5 Metode Analisa ....................................................................................16 

BAB IV HASIL DAN PEMBAHASAN ..............................................................19 

4.1 Hasil .....................................................................................................19 

4.2 Pembahasan ..........................................................................................20 

4.2.1 Analisis Laju Perpindahan Panas ...............................................20 

4.2.2 Hubungan Overall Heat Transfer Coefficient (U) terhadap Laju 

Perpindahan Panas (Q) ..............................................................23 



 

 

viii 

 

4.2.3 Hubungan Number of Transfer Units (NTU) terhadap Overall 

Heat Transfer Coefficient (U) ....................................................26 

4.2.4 Hubungan Nilai Efektifitas PHE E304 terhadap Overall Heat 

Transfer Coefficient (U) ............................................................27 

4.2.5 Hubungan Nilai Efektifitas PHE E304 terhadap Number of 

Transfer Units (NTU) ................................................................30 

4.2.6 Nilai Efektifitas Plate Heat Exchanger E304 setiapWaktu .......31 

4.2.7 Standar Efektifitas PHE E304 dalam Praktik Industri ...............32 

BAB V PENUTUP ................................................................................................35 

5.1 Kesimpulan ..........................................................................................35 

5.2 Saran .....................................................................................................35 

DAFTAR PUSTAKA ...........................................................................................36 

LAMPIRAN ..........................................................................................................38 

 

  



 

 

ix 

 

DAFTAR TABEL 

Tabel 3.1 Data Primer............................................................................................15 

Tabel 3.2 Data Sekunder .......................................................................................16 

Tabel 4.1 Data Pengamatan ...................................................................................19 

Tabel 4.2 Data Hasil Pengolahan ..........................................................................19 

 

 
 
 



 

 

x 

 

DAFTAR GAMBAR 

Gambar 2.1 Mekanisme Kerja PHE .......................................................................8 

Gambar 2.2 Tipe-Tipe Pelat ...................................................................................9 

Gambar 4.1 Grafik Hubungan Nilai Q terhadap Nilai ΔTh..................................21 

Gambar 4.2 Grafik Hubungan Nilai U terhadap Nilai Q ......................................24 

Gambar 4.3 Grafik Hubungan Nilai NTU terhadap Nilai U ................................26 

Gambar 4.4 Grafik Hubungan Nilai Efektifitas PHE E304 terhadap Nilai U ......28 

Gambar 4.5 Grafik Hubungan Nilai Efektifitas PHE E304 terhadap nilai NTU .31 

Gambar 4.6 Grafik Nilai Efektifitas PHE E304 setiap Waktu .............................32 

 

 

 
 

  


