LAMPIRAN

LAMPIRAN 1: TABEL KONVERSI UNIT

Area (A)

1mm? = 1.0 x 1074 m? 12 =144 in2

lTem? = 1.0 x 107* m? = 0.1550 in.2 1in? = 6.4516 cm? = 6.4516 x 10~* m?

Im? =10.7639 f? 1 =0.092903 m?
Conductivity (k)

1 Wim-K =1 J/s-m-K

= 0.577 789 Btwh-fi-°R 1 Buwh-f-R = 1.730 735 W/m-K

Density (p)

1 kg/m® = 0.06242797 bnv/ft* 1 Ibm/ft* = 16.018 46 kg/m’

1 g/em® = 1000 kg/m*

1 g/em® = 1 kg/L
Energy (E, U)

1) =1 N-m = 1 kg-m*/s*

1) = 0.737 562 Ibf-ft I Ibf-ft = 1.355818 J

1 cal (Int.) = 4,186 81 J = 1.28507 x 10-'Btu

1 Btu (Int.) = 1.055 056 kJ

1 erg =1.0x 107" = 778.1693 Ibf-fi

1eV = 160217733 x 107
Force (F)

IN =0.224809 Ibf 1 Ibf =4.448 222 N

1 kp = 9.806 65 N (1 kgf)
Gravitation

£ = 9.806 65 m/s’ 2 =32.174 05 ft/s?
Heat capacity (C,, C,, C), specific entropy (s)

1 kl/kg-K = 0.238 846 Btw/Ibm-°R 1 Buw/lbm-"R = 4.1868 ki/kg-K
Heat flux (per unit area)

1 W/m? = 0.316 998 Btw/h-ft? 1 Bwh-f? = 3.154 59 W/m?

(Sumber: Richard E. Sontag, Claus Borgnakke, Fundamentals of

Thermodynamics, Edisi ke-6)






Heal-transter coefmcient (k)
I Win?-K = 0.176 11 Brwh-fi*-"R

Length (L)
Towm = 0000 m=01¢an
Tem =001 m= 10 pun = 0.3970 m.
Im =328084 ft = 39370 m,
Tkm = 0621371 om
T = 16093 m (US statutc)

Mass (m)
tkg = 2.204 623 bm
I tonme = 1000 kg,
| grain = 6.47989 x 10 kg

Moment (torque, I)
I N-m = 0.737 562 Ibf-fi

Momentum (m§)
1 kg-m/s = 7.232 94 [bmn-ft/s
= 0.224 809 Ibi-s

Power (0, W)
1w =1JNs= 1 N-m/s
= 0.737 562 Ihf-fi's
1 kW = 3412.14 Buw'h
1 hp (metric) = 0.735 499 kW

1 wn of
refrigeration = 3,516 85 kW
Pressure (/)

I Pa = | Nm? = | kg/m-#’
I bar = 1.0 x 10°Pa = 100 kPa
1 arm = 101,325 kPPa

= 1,013 25 bar

= 760 mm Hg [0°C]

= 10.332 56 m H;O |4°C]
I torr w1 mm Hg [0°C]

I mm Hg [0°C] = 0.133 322 kPa
I ms F1;0 [4°C] = 9.806 38 kPa

Speciiic energy (e, u)
1 kg = 0.429 92 Bu/lben
= 334.55 [bi-fThen

1 Bruh-fi"-"R = 5.678 26 W/im*-K

Ift =12m.

T =254 cm=00254m
I1ft =03048m

1 mi = 1,609 344 ki
lyd:O.‘)l“m

1 o = 0.453 592 kg
1 slug = 14.5939 kg
1ton = 2000 lbm

1 Ibf-ft = 1.355 818 N-m

1 Tom-fi/s = 0.138 256 kg-m/s

1 bi-ft's = |.3558I8 W

= 4.626 24 Buh
1 Blu/'s = 1.055 056 kW
1hp (UK) = 0.7457 kW

= 550 Ihi-fi's

= 2544.43 Bk
1 won of

refrgemation = 12 000 Btw'h

1 Ihfiin? — 6,894 757 kPa

1 atm = 14.695 94 Ibfin.?
—29.921 in. Hg [32°F)
= 33.8995 fi H;0 [4°C)

1 m. Hg [0°C] = 0.491 15 Ibf/m.2
1 m. 1,0 [4°C] = 0.0361 26 Ibflin?

| Br/lbm o 2.326 kivkg
1 Ibf-fi/Tom = 2.98907 x 10 * kikg
= 1.28507 x 10 * Ba/lbm

(Sumber: Richard E. Sonntag, Claus Borgnakke, Fundamentals of Thermodynamics,
Edisi ke-6)




Specific Kinetic energy (3 V)
1 m*/s* = 0.001 kikg
1 ki/kg = 1000 m?/s?

Specific potential energy (Zg)
1 m-gag = 9.806 65 x 10~ ki/kg
=4.21607 x 10-*Btw/bm

Specific volume (v)
1 cm*/g = 0.001 m¥/kg
lem/g =1 Lhkg
1 m/kg = 16.018 46 ft*/Ibm

Temperature (T)
IK=1"C=18R=18F
TC =TK - 273.15

=(TF - 32)/1.8
TK =TR/1.8

Universal Gas Constant
R = Nk = 8.314 51 kJ/kmol-K
= 1.985 89 kcal/kmol-K
= 82,0578 atm-L/kmol-K

Veleoity (V)
Imis =3.6kmh
—3.280 84 fUs
=2.23694 mi/h
1 km/h = 0.277 78 m/s
=0.91134 ft/s
=0.62137 mi/h
Volume (V)
I m' =353147 f
1L = 1dm’ = 0.001 m*

1 Gal (US) =3.785412 L
=3785412 x 10 m®

| fi%s =3.9941 x 10-° Btw/Ibm
1 Btw/Ibm = 250 37 fi¥/s?

| fl-ggg = 1.0 Ibf-f/Tbm
= 0.001 285 Btw/lbm
= 0.002 989 kifkg

1 f*/lbm = 0.062 428 m*/kg

1R =(5/9)K

TF = TR — 459.67
= 18TC + 32

TR = 1.8 TK

R = 1.985 89 Btw/lbmol-R
— 1545.36 Ibf-f/Tbmol-R
= 0.730 24 atm-ft}/lbmol-R
= 10.7317 (Ibffin.2)-f* Ibmol-R

1 ft/s = 0.681 818 mi/h
=0.3048 m/s
= 1.097 28 km/h
1 mi'h = 1.466 67 fi/s
=0.44704 m/s
= 1.609 344 km/h

1/ —2.831685 x 102 m*
1in} —=1.6387 x 10~° m’

1 Gal (UK) = 4.546 090 L.

1 Gal (US) = 231.00 in.}

Edisi ke-6)

(Sumber: Richard E. Sonntag, Claus Borgnakke, Fundamentals of Thermodynamics,




LAMPIRAN 2: DIAGRAM MOODY
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LAMPIRAN 3: TABEL KEKASARAN MATERIAL BAGIAN DALAM PIPA

STEEL

Pipe diameter data

Pipe data: Default Pipe [ Pipeld: 0]

t aterial Schedule / Class Internal Roughness [mm)

Stesl [5ch 40 [0.0460

Moarminal Size  Internal Diam. wall Thick. Outzide Diam. W eight Internal Wol  Surface Area Save Pipe

mnm i mnm kgs/m e 100 m e 100 m

100 rmm 102,260 |E,D2D 114,200 |‘I E.075 0.8213 35.9084 Cancel
Choosze new pipe material: Double dick on the material list to select a new pipe material. | &| W

t aterial Schedule / Class Internal Roughness Pipe Size Range ~

Stainless Steel [AMS51] Sch. BS 0,001817 [inch)] 15 mim - 750 mm T T
Stainless Steel [AMS51] Sch. 105 0,001817 [inch)] E mm - 750 mm
Stainless Steel [AMS51] Sch. 405 0,001817 [inch)] E i - 300 mm K3 Cancel

Stainless Steel [AMS51] Sch. 805 0,001817 [inch)] E i - 300 mm

Steel [(ANSI) Galvanized Sch. 40 0,005306 [inch) B mrn - 900 rarn

Steel [AMSI] Galvanized Sch. 80 0,00590E [inch) E mm - BOO mim

Steel [AMSI] Galvanized Sch. 160 0,00590E [inch) 15 mim - OO0 mm

Steel [&M51) Sch. 10 0.001811 [inch) 380 mm - 300 mm

Steel [&M51) Sch. 20 0.001811 [inch) 200 mm - 1050 mm

Steel [&M51) Sch. 30 0.001811 [inch) 200 mm - 1050 mm

Steel (&S] Sch. 40 0.001811 [inch) B mm - 1050 mm

Steel [&M51) Sch. B0 0.001811 [inch) 200 mm - 500 mm

Steel [&M51) Sch. 80 0.001811 [inch) B rmm - GO0 mm

Steel [&M51) Sch. 100 0.001811 [inch) 200 mm - 500 mm

Steel [AMS]] Sch. 120 0,001817 [inch)] 100 mm - BOO mim _'_E Add Mew b aterial
Steel [&M51) Sch. 140 0.001811 [inch) 200 mm - 500 mm =
Steel [AMSI] Sch. 160 0001811 finch] 15 mm - 600 mm = R ke

(Sumber: Software Pipe Flow Expert versi 6.38)

LAMPIRAN 4: TABEL KEKASARAN MATERIAL BAGIAN DALAM
PIPASTAINLESS STEEL

Pipe diameter data

calculated

Pipe data: P2 [Pipeld: 2]
|Matena| Schedule / Class Intermal Roughness [mm) |
|Stainless Steel (AN [Sch. 405 [0.045333
Mominal Size  Intemal Diam.  wWall Thick. Dutzide Diam.  ‘weight Intermnal Wal Surface Area
i mrn M kaszdm e 100 m s 100

Choose new pipe material: Double dick on the material list to select a new pipe material. | & || W
M aterial Schedule / Class Internal Foughness Pipe Size Range -~
PYC [Sewer pipe] SDR 35 0.00071 37 [inch) 100 mm - E00 mm

Stainless Steel [AMSI) Sch. 55 0001811 [inch) 15 ram - 750 mm

Stainless Steel [AM 5] Sch. 105 0.001817 linch) E mm - 750 mm

[Stainless Steel [AMSI] Sch. 405 0001811 [inch] E ram - 300

Stainless Steel [AM 5] Sch. 805 0.001817 linch) E mm - 300 mm

Steel [AMS]] Galvanized Sch. 40 0.005306 [inch) B rm - 900 mm

Steel [AMS5]] Galvanised Sch. 80 0005306 [inch) E mm - 600 mm

Steel [AMS]] Galvanized Sch. 160 0.005306 [inch) 15 rarm - BO0 rmm

Steel [AMSI1] Sch. 10 0.001811 [inch] 350 mm - 300 mm

Steel [AMSI) Sch. 20 0.001811 [inch] 200 mm - 1080 rmm

Steel [AMSI1] Sch. 30 0.001811 [inch] 200 mm - 1050 mm

Steel [AMSI) Sch. 40 0.001811 [inch] B mm - 1050 mm

Steel [AMSI1] Sch. B0 0.001811 [inch] 200 mm - 600 mm

Steel [AMSI) Sch. 80 0.001811 [inch] B mm - B00 mim

Steel [AMSI1] Sch. 100 0.001811 [inch] 200 mm - 600 mm

Steel [AMSI) Sch. 120 0.001811 [inch] 100 mm - GO0 M

Steel [AMSI] Sch. 140 0.001811 [inch] 200 mm - 600 mm ~

Save Pipe

Cancel

) Cancel

B Add Mew Material

3 Remove baterial

(Sumber: Software Pipe Flow Expert versi 6.38)




Lampiran 5: Gambar Indikator Tekanan Suction dan Tekanan Discharge.




Lampiran 6: Data Pompa Sirkulasi Low Pressure Boiler
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3.3 Heat Recovery Steam Generator

3.3.1 Pumps

| Volume : 21 -1

1) LP - Boiler circulating pumps
ENSIVAL - type : GN 100 - 20

1.3 - Data sheet
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Chapter 3 : Mechanical equipment
3.3 Heat Recovery Steam Generator

3.3.1 Pumps
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