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LAMPIRAN 

 

 

Shell (Residu) 

 

Data Pengamatan : 

T1 = 447,8 ˚F 

T2 = 298,04 ˚F 

V  = 71,97 ft3/jam 

ρ   = 0,9125 Kg/L 

Tube (Crude Oil) 

 

Data Pengamatan : 

t1  = 196,88 ˚F 

t2  = 269,6 ˚F 

V  = 389,4 ft3/jam 

ρ   =  0,8381 Kg/L 

 

Shell (Residu) Tube (Crude Oil) 

1. Menghitung Specific Gravity (Sg) 1. Menghitung Specific Gravity (Sg) 

Diketahui : 

ρ   = 0,9125 Kg/L 

Dens 15 Sg 

0,913 0,9135 

0,9125 0,9129 

0,9124 0,9129 

(ASTM Petroleum Measuresment) 

Diketahui : 

ρ   =  0,8381 Kg/L 

Dens 15 Sg 

0,8383 0,8388 

0,8381 0,8385 

0,8379 0,8383 

(ASTM Petroleum Measuresment) 

2. Menghitung ˚API 2. Menghitung ˚API 

Diketahui : 

ρ   = 0,9125 Kg/L 

Dens 15 API 

0,913 23,4 

0,9125 23,483 

0,9124 23,5 

(ASTM Petroleum Measuresment) 

Diketahui : 

ρ   =  0,8381 Kg/L 

Dens 15 API 

0,8383 37,2 

0,8381 37,3 

0,8378 37,4 

(ASTM Petroleum Measuresment) 

3. Menghitung Temperature Average 

(Tav) 

3. Menghitung Temperature Average 

(tav) 
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𝑇𝑎𝑣 =
𝑇1 + 𝑇2

2
 

𝑇𝑎𝑣 =
 447,8 ℉ + 298,04℉

2
 

𝑇𝑎𝑣 =
745,84 ℉

2
 

𝑇𝑎𝑣 = 372,92 ℉ 

𝑡𝑎𝑣 =
𝑇1 + 𝑇2

2
 

𝑡𝑎𝑣 =
196,88 ℉ + 269,6 ℉

2
 

𝑡𝑎𝑣 =
466,48 ℉

2
 

𝑡𝑎𝑣 = 233,24 ℉ 

 

4. Menghitung Cp 4. Menghitung Cp 

Dari Fig. 4 Kern 

Tav = 372,92 ˚F, maka 

Cp  = 0,59 Btu/lb ˚F 

Dari Fig. 4 Kern 

Tav = 233,24 ˚F, maka 

Cp  = 0,55 Btu/lb ˚F 

5. Menghitung Massa Jenis 5. Menghitung Massa Jenis 

ρ   = 0,9125 Kg/L 

ρ   = 56,97 lb/ft3 

ρ   =  0,8381 Kg/L 

ρ   = 52,322 lb/ft3 

6. Menghitung Mass Flow 6. Menghitung Mass Flow 

W Residu = ρ Residu.V Residu 

W Residu = 56,97 lb/ft3 x 71,97 ft3/jam 

W Residu = 4067,5 lb/jam 

W Co = ρ Co.V Co 

W Co = 52,322 lb/ft3 x 389,4 ft3/jam 

W Co = 20374 lb/jam 

7. Menghitung nilai Panas yang 

dibutuhkan (Q) 

7. Menghitung nilai Panas yang 

dibutuhkan (Q) 

ΔT Residu = T1 – T2 

ΔT Residu = 447,8 ˚F - 447,8 ˚F 

ΔT Residu =  149,76 ˚F 

Q Residu = W Residu × Cp Residu × ΔT 

Residu 

Q Residu = 4067,5 lb/jam x 0,59 Btu/lb ˚F 

x 149,76 ˚F 

Q Residu = 359397 Btu/jam 

ΔT Crude Oil = t2 – t1 

ΔT Crude Oil = 269,6 ˚F - 196,88 ˚F 

ΔT Crude Oil = 72,72 ˚F 

Q Co = W Co × Cp Co × ΔT Co 

Q Co = 20374 lb/jam x  

Q Co = 359397 Btu/jam x 0,55 Btu/lb ˚F 

x 72,72 ˚F  

Q Co = 814886 Btu/jam 

8. Menghitung Neraca Panas 

Q = Q Co – Q Residu 
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Q = 814886 Btu/jam - 359397 Btu/jam 

Q = 455489,324 Btu/jam 

Q Losses = (Q/Q Co) x 100% 

Q Losses = (455489,324 Btu/jam/814886 Btu/jam) x 100% 

Q Losses = 55,896 % 

9. Menghitung LMTD 

 

Hot Fluid (F)  
Cold Fluid 

(F) 
Diff  

447,8 High T 269,6 178,2 Δt2 

298,04 Low T 196,88 101,16 Δt1 

   77,04 Δt2-Δt1 

 

𝐿𝑀𝑇𝐷 =
∆𝑡2 − ∆𝑡1

ln ቀ
∆𝑡2
∆𝑡1

ቁ
 

𝐿𝑀𝑇𝐷 =
 178,2 ˚F −  101,16 ˚F

𝑙𝑛
178,2 ˚F

101,16 ˚F

 

𝐿𝑀𝑇𝐷 =  136,06 ˚F  

𝑅 =
𝑇1 − 𝑇2

𝑡2 − 𝑡1
 

𝑅 =  
447,8 ˚F − 298,04 ˚F

269,6 ˚F − 196,88 ˚F
 

𝑅 = 2,0594 

𝑆 =
𝑡2 − 𝑡1

𝑇1 − 𝑡1
 

𝑆 =  
269,6 ˚F − 196,88 ˚F

447,8 ˚F − 196,88 ˚F
 

𝑆 = 0,2898 

Diperoleh nilai Ft = 0,9 (Fig.18 Kern) 

ΔTLMTD = LMTD x Ft 

ΔTLMTD = 136,06 ˚F ×  0,9   
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ΔTLMTD = 122,46 ˚F 

10. Menentukan Caloric Temperature 

a. Menentukan nilai Kc  

ΔT Residu = T1 – T2 

ΔT Residu = 447,8 ˚F - 298,04 ˚F 

ΔT Residu = 149,76 ˚F 

˚API = 23,483 

Kc = 0,65 (Fig.17 Kern) 

 

b. ΔT Cold/ ΔT Hot 

ΔT Cold/ ΔT Hot = 0,567 

Fc = 0,41 (Fig.17 Kern) 

 

c. Menentukan Calaoric Temperature 

Tc Residu = T2 + Fc (T1 – T2) 

Tc Residu = 298,04 ˚F + 0,41 (447,8 ˚F-298,04 ˚F ) 

Tc Residu = 359,44 ˚F 

 

tc crude oil = t1 + Fc x (t2 – t1) 

tc crude oil = 196,88 ˚F + 0,41 (269,6 ˚F- 196,88 ˚F) 

tc crude oil = 226,7 ˚F 

 

11. Menentukan Flow Area 11. Menentukan Flow Area 

ID Shell = 36,457 i 

C’          = 0,25 i 

B           = 25,886 in 

n            = 1 

Pt         = 1,25 in 

𝑎𝑠 =
𝐼𝐷 𝑠ℎ𝑒𝑙𝑙 × 𝐶ᇱ × 𝐵

𝑛 × 144
𝑖𝑛ଶ

𝑓𝑡ଶ × 𝑃𝑡
 

Nt          = 400 

n            = 1 

ODtube  = 1 

BWG     = 14 

a’            = 0,479 (Kern, Tabel 10) 

𝑎𝑡 =
𝑁𝑡 × 𝑎ᇱ

144
𝑖𝑛ଶ

𝑓𝑡ଶ × 𝑛
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𝑎𝑠 =  
36,457 in ×  0,25 in ×  25,886 in  

1 × 144 
𝑖𝑛ଶ

𝑓𝑡ଶ × 1,25 𝑖𝑛 
 

𝑎𝑠 = 1,3107 𝑓𝑡ଶ 

𝑎𝑡 =  
400 × 0,479

144
𝑖𝑛ଶ

𝑓𝑡ଶ × 1
 

𝑎𝑡 = 1,3305 𝑓𝑡ଶ 

 

 

12. Menentukan Mass Velocity 12. Menentukan Mass Velocity 

𝐺𝑠 =  
𝑊 𝑅𝑒𝑠𝑖𝑑𝑢

𝑎𝑠
 

𝐺𝑠 =  
4067,5 

𝑙𝑏
𝑗𝑎𝑚

1,3107 𝑓𝑡ଶ
 

𝐺𝑠 = 3103,2 
𝑙𝑏

𝑗𝑎𝑚 𝑓𝑡ଶ
 

𝐺𝑡 =  
𝑊 𝐶𝑟𝑢𝑑𝑒 𝑂𝑖𝑙

𝑎𝑡
 

𝐺𝑠 =  
20374,2 

𝑙𝑏
𝑗𝑎𝑚

1,3305 𝑓𝑡ଶ
 

𝐺𝑠 = 15312,5 
𝑙𝑏

𝑗𝑎𝑚 𝑓𝑡ଶ
 

13. Menentukan Bilangan Reynolds 13. Menentukan Bilangan Reynolds 

Diketahui : 

OD = 1 in 

Pt   = 1,25 

De = 0,72 in 

      = 0,0598 ft (Fig.28 Kern) 

˚API = 23,483 

API  X Y 

34 10,3 21,3 

28 10 23,6 

23,483 9,977 25,331 

Tc = 359,44  ˚F 

μ = 1,2 Cp  

   = 2,904 lb/ft jam 

𝑅𝑒 =  
𝐷𝑒 𝑥 𝐺𝑠

μ
 

𝑅𝑒 =  
0,0598 ft x 3103,2 

𝑙𝑏
𝑗𝑎𝑚 𝑓𝑡ଶ

2,904 lb/ft jam
 

Diketahui : 

D Tube = 0,782 in (Tabel 10 Kern) 

             = 0,06514 ft 

˚API = 37,3 

  

 

API    X Y 

42 11,6 16 

37,3 10,52 18,6857 

35 10 20 

tc = 226,695 ˚F 

μ = 0,8 Cp 

   = 1,936 lb/ft jam 

𝑅𝑒 =  
𝐷𝑒 𝑥 𝐺𝑠

μ
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𝑅𝑒 = 63,86 

 

 

𝑅𝑒 =  
0,06514 𝑓𝑡 × 15312,5 

𝑙𝑏
𝑗𝑎𝑚 𝑓𝑡ଶ

1,936
𝑙𝑏
𝑓𝑡

𝑗𝑎𝑚
 

𝑅𝑒 = 515,221 

14. Menentukan Faktor Perpindahan 

Panas 

14. Menentukan Faktor Perpindahan 

Panas 

Jhs = 3,9 (Fig.28 Kern) Diketahui : 

L = 11,482 ft 

ID = 0,06514 ft 

L/ID = 11,482 ft/0,06514 ft 

Jht = 2,5 (Fig.24 Kern) 

15. Menentukan Koefisien Perpindahan 

Panas 

15. Menentukan Koefisien 

Perpindahan Panas 

Diketahui : 

Tc    = 359,44  ˚F 

˚API = 23,483 

K      = 0,067 (Fig. 1 Kern) 

ℎ𝑜 = 𝑗𝐻𝑠 ×
𝑘

𝐷𝑒
× ൬

𝐶𝑝 × 𝜇

𝑘
൰

ଵ/ଷ

× ൬
𝜇

𝜇௪

൰
଴,ଵସ

 

ℎ𝑜

∅𝑠
= 3,0 ×

0,067

0,0598
× ൬

0,59 × 1,2

0,067
൰

ଵ/ଷ

 

ℎ𝑜

∅𝑠
=   11,563 

𝐵𝑡𝑢

𝑗𝑎𝑚 𝑓𝑡ଶ ˚F
 

 

Diketahui : 

tc = 226,7  ˚F 

K = 0,079 (Fig.1 Kern) 

ℎ𝑖 = 𝑗𝐻𝑡 ×
𝑘

𝐷𝑒
× ൬

𝐶𝑝 × 𝜇

𝑘
൰

ଵ
ଷ

× ൬
𝜇

𝜇௪

൰
଴,ଵସ

 

ℎ𝑜

∅𝑡
= 2,5 ×

0,079

0,06514
× ൬

0,55 × 0,8

0,079
൰

ଵ/ଷ

 

ℎ𝑖

∅𝑡
= 6,61618

𝐵𝑡𝑢

𝑗𝑎𝑚. 𝑓𝑡ଶ. ℉
 

Diketahui : 

OD Tube = 1 in 

ID            = 0,782 in (Tabel 10 Kern) 

ℎ௜௢

∅𝑡
=

ℎ𝑖

∅𝑡
×

𝐷𝑖

𝑂𝐷
 

ℎ௜௢

∅𝑡
= 6,61618

𝐵𝑡𝑢

ℎ𝑟. 𝑓𝑡ଶ. ℉
×

0,782 𝑖𝑛

1 𝑖𝑛
 

ℎ௜௢

∅𝑡
= 5,1738

𝐵𝑡𝑢

ℎ𝑟. 𝑓𝑡ଶ. ℉
 

16. Menentukan Wall Temperature 
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𝑡𝑤 = 𝑡𝑐 +

ℎ𝑜
∅𝑠

ℎ𝑖𝑜
∅𝑡

+
ℎ𝑜
∅𝑠

(𝑇𝑐 − 𝑡𝑐) 

𝑡𝑤 = 226,7 ℉ +
11,563 

𝐵𝑡𝑢
𝑗𝑎𝑚. 𝑓𝑡ଶ. ℉

5,1738
𝐵𝑡𝑢

𝑗𝑎𝑚. 𝑓𝑡ଶ. ℉
+ 11,563 

𝐵𝑡𝑢
𝑗𝑎𝑚. 𝑓𝑡ଶ. ℉

(359,44 ℉ − 226,7 ℉ ) 

𝑡𝑤 = 318,41 ℉ 

 

17. Menentukan Koefisien Transfer 

Panas 

17. Menentukan Koefisien Transfer 

Panas 

Diketahui : 

tw = 318,41  ˚F  

˚API = 23,483 

API X Y 

34 10 20 

28 10,8 21,3 

23,483 11,4 19,021 

μ = 0,5 Cp 

   = 1,21 lb/ft jam 

∅௦ = ൬
𝜇

𝜇௪
൰

଴,ଵସ

 

∅௦ = ൬
2,904

1,21
൰

଴,ଵସ

 

 

∅௦ = 1,1304 

Diketahui : 

tw = 318,41  ˚F 

˚API = 37,3 

API X Y 

42 11,6 16 

37,3 10,52 18,68 

35 10 20 

μ = 0,35 Cp 

   = 0,847 lb/ft jam 

∅௦ = ൬
𝜇

𝜇௪
൰

଴,ଵସ

 

∅௦ = ൬
1,936

0,847
൰

଴,ଵସ

 

 

∅௦ = 1,1227 

18. Menentukan Koefisien Perpindahan 

Panas Terkoreksi 

18. Menentukan Koefisien 

Perpindahan Panas Terkoreksi 

ℎ𝑜 =
ℎ𝑜

∅𝑠
× ∅𝑠 

ℎ𝑜 = 11,563 
𝐵𝑡𝑢

ℎ𝑟. 𝑓𝑡ଶ. ℉
× 1,1304 

ℎ𝑖 =
ℎ𝑖

∅𝑡
× ∅𝑡 

ℎ𝑖 = 5,1738
𝐵𝑡𝑢

ℎ𝑟. 𝑓𝑡ଶ. ℉
× 1,1227 



PRAKTEK KERJA LAPANGAN 

PUSAT PENGEMBANGAN SUMBER DAYA MANUSIA 

MINYAK DAN GAS BUMI 

 
 

112 
 

ℎ𝑜 = 13,07
𝐵𝑡𝑢

ℎ𝑟. 𝑓𝑡ଶ. ℉
 ℎ𝑖 = 5,8086

𝐵𝑡𝑢

ℎ𝑟. 𝑓𝑡ଶ. ℉
 

19. Menentukan Clear Overall Coefficient 

𝑈𝑐 =
ℎ𝑜 × ℎ𝑖𝑜

ℎ𝑜 + ℎ𝑖𝑜
 

𝑈𝑐 =  
13,07 

𝐵𝑡𝑢
ℎ𝑟. 𝑓𝑡ଶ. ℉

 × 5,8086 
𝐵𝑡𝑢

ℎ𝑟. 𝑓𝑡ଶ. ℉
 

13,07 
𝐵𝑡𝑢

ℎ𝑟. 𝑓𝑡ଶ. ℉
+ 5,8086 

𝐵𝑡𝑢
ℎ𝑟. 𝑓𝑡ଶ. ℉

 

𝑈𝑐 = 5,5343 
𝐵𝑡𝑢

ℎ𝑟. 𝑓𝑡ଶ. ℉
 

20 Menentukan Fouling Factor 

Diketahui : 

Nt   = 400  

OD = 1 

BWG = 14, maka didapatkan a’’=  0,2618 (Tabel 10 Kern) 

L = 11,483 ft 

A = Nt × a′′ × L 

A = 400 × 0,2618
𝑓𝑡ଶ

𝑓𝑡
× 11,482 𝑓𝑡 

A = 1202,39504 𝑓𝑡ଶ 

𝑈𝐷 =
𝑄𝑡

𝐴 × ∆𝑇𝐿𝑀𝑇𝐷
 

𝑈𝑑 =  
814886

𝐵𝑡𝑢
𝑗𝑎𝑚

1202,39504 𝑓𝑡ଶ × 122,46 ℉
 

𝑈𝑑 = 4,0215 
𝐵𝑡𝑢

ℎ𝑟. 𝑓𝑡ଶ. ℉
 

𝑅𝑑 =
𝑈𝐶 − 𝑈𝐷

𝑈𝐶 × 𝑈𝐷
 

𝑅𝑑 =  
5,5343 

𝐵𝑡𝑢
ℎ𝑟. 𝑓𝑡ଶ. ℉

− 4,0215 
𝐵𝑡𝑢

ℎ𝑟. 𝑓𝑡ଶ. ℉

5,5343 
𝐵𝑡𝑢

ℎ𝑟. 𝑓𝑡ଶ. ℉
 × 4,0215 

𝐵𝑡𝑢
ℎ𝑟. 𝑓𝑡ଶ. ℉

 

𝑅𝑑 = 0,068 
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21. Menentukan Effisiensi 

𝜂 =
𝑄 𝑆ℎ𝑒𝑙𝑙

𝑄 𝑇𝑢𝑏𝑒
× 100% 

𝜂 =
359397

𝐵𝑡𝑢
ℎ𝑟

814886
𝐵𝑡𝑢
ℎ𝑟

× 100% 

𝜂 = 44,104 % 

 

22. Evaluasi Pressure Drop 

1. Menentukan Nilai Friksi 1. Menentukan Nilai Friksi 

Diketahui : 

Res = 63,86 

f     = 0,008 (Fig.29 Kern)  

Diketahui : 

Ret = 515,221 

f    = 0,00032 (Fig.26 Kern) 

2. Pressure Drop 

Diketahui : 

L        =  11,482 ft 

B        =  25,866 in 

𝑁 + 1 =  
12 × 𝐿

𝐵
 

𝑁 + 1 =
12 × 11,482 𝑓𝑡

25,866 𝑖𝑛
 

𝑁 + 1 = 5,326 𝑓𝑡 

De      = 0,0598 ft 

ID      = 3,0259 ft 

f         = 0,008 

Gs      = 3103,2 lb/jam ft2 

Sg      = 0,9129 

∅௦      = 1,1304 

∆𝑃𝑠 =
𝑓 × 𝐺𝑠ଶ × 𝐼𝐷𝑠 × (𝑁 + 1)

5,22 × 10ଵ଴ × 𝐷𝑒 × 𝑆𝐺 × ∅𝑠
 

∆𝑃𝑠 =  
଴,଴଴଼×(ଷଵ଴ଷ,ଶ)మ×ଷ,଴ଶହଽ×ହ,ଷଶ଺

ହ,ଶଶ×ଵ଴భబ×଴,଴ହଽ଼×଴,ଽଵଶଽ×ଵ,ଵଷ଴ସ
  

L    = 11,482 ft 

n     = 1 

ID   = 0,0649 ft 

Gt   = 15312,5412 lb/jam ft2 

Sg   = 0,8385 

∅௦   = 1,1226 

f     = 0,00032 

∆𝑃𝑡 =
𝑓 × 𝐺𝑡ଶ × 𝐿 × 𝑛

5,22 × 10ଵ଴ × 𝐷𝑖 × 𝑆𝐺 × ∅𝑡
 

∆𝑃𝑡 =
଴,଴଴଴ଷଶ×(ଵହଷଵଶ,ହସଵଶ)మ×ଵଵ,ସ଼ଶ×ଵ

ହ,ଶଶ×ଵ଴భబ×଴,଴଺ସଽ×଴,଼ଷ଼ହ×ଵ,ଵଶଶ଺
  

∆𝑃𝑡 = 0,00027 𝑃𝑠𝑖 
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∆𝑃𝑠 = 0,00039 𝑃𝑠𝑖  

3. Menentukan ΔP Total 

ρ (Crude Oil) = 52,322 lb/ft3 

Gt = 15313 lb/jam ft2 

n = 1 

Sg = 0,8385 

g = 32,2 ft2/s  

𝑣 =
𝐺𝑡

𝜌
 

𝑣 =
15313

𝑙𝑏
𝑗𝑎𝑚 𝑓𝑡ଶ

52,322 
𝑙𝑏

𝑓𝑡ଷ

 

𝑣 = 292,66 𝑓𝑡/𝑗𝑎𝑚 

∆𝑃𝑟 =
4𝑛

𝑆𝐺
×

𝑣

2𝑔
 

∆𝑃𝑟 =  
4 × 1

0,8385
×

292,66
𝑓𝑡

𝑗𝑎𝑚

2 × 32,2
𝑓𝑡ଶ

𝑠

 

∆𝑃𝑟 = 0,00048 𝑃𝑠𝑖 

ΔP total = ΔPt + ΔPr 

ΔP total = 0,00027 psi + 0,00048 psi 

ΔP total = 0,00075 psi 



PRAKTEK KERJA LAPANGAN 

PUSAT PENGEMBANGAN SUMBER DAYA MANUSIA 

MINYAK DAN GAS BUMI 

 
 

115 
 

 

 



PRAKTEK KERJA LAPANGAN 

PUSAT PENGEMBANGAN SUMBER DAYA MANUSIA 

MINYAK DAN GAS BUMI 

 
 

116 
 

 



PRAKTEK KERJA LAPANGAN 

PUSAT PENGEMBANGAN SUMBER DAYA MANUSIA 

MINYAK DAN GAS BUMI 

 
 

117 
 

 



PRAKTEK KERJA LAPANGAN 

PUSAT PENGEMBANGAN SUMBER DAYA MANUSIA 

MINYAK DAN GAS BUMI 

 
 

118 
 



PRAKTEK KERJA LAPANGAN 

PUSAT PENGEMBANGAN SUMBER DAYA MANUSIA 

MINYAK DAN GAS BUMI 

 
 

119 
 



PRAKTEK KERJA LAPANGAN 

PUSAT PENGEMBANGAN SUMBER DAYA MANUSIA 

MINYAK DAN GAS BUMI 

 
 

120 
 



PRAKTEK KERJA LAPANGAN 

PUSAT PENGEMBANGAN SUMBER DAYA MANUSIA 

MINYAK DAN GAS BUMI 

 
 

121 
 



PRAKTEK KERJA LAPANGAN 

PUSAT PENGEMBANGAN SUMBER DAYA MANUSIA 

MINYAK DAN GAS BUMI 

 
 

122 
 



PRAKTEK KERJA LAPANGAN 

PUSAT PENGEMBANGAN SUMBER DAYA MANUSIA 

MINYAK DAN GAS BUMI 

 
 

123 
 



PRAKTEK KERJA LAPANGAN 

PUSAT PENGEMBANGAN SUMBER DAYA MANUSIA 

MINYAK DAN GAS BUMI 

 
 

124 
 



PRAKTEK KERJA LAPANGAN 

PUSAT PENGEMBANGAN SUMBER DAYA MANUSIA 

MINYAK DAN GAS BUMI 

 
 

125 
 



PRAKTEK KERJA LAPANGAN 

PUSAT PENGEMBANGAN SUMBER DAYA MANUSIA 

MINYAK DAN GAS BUMI 

 
 

126 
 



PRAKTEK KERJA LAPANGAN 

PUSAT PENGEMBANGAN SUMBER DAYA MANUSIA 

MINYAK DAN GAS BUMI 

 
 

127 
 



PRAKTEK KERJA LAPANGAN 

PUSAT PENGEMBANGAN SUMBER DAYA MANUSIA 

MINYAK DAN GAS BUMI 

 
 

128 
 

 

 

 


