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Compress about 2 to 15 ba

LR25B Laboratory refrigerator
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Suctionline 5/16" (0.79375 cm)
Discharge line 4" (0,635 cm)

Point 1: N2 Gas
P1 =2 bar
T1 =7°C(280K)

/Boiling point :
* Nitrogen N2

-163°C (110K) @ 15 bar

* Oxygen 02
K183°C (90K) @ 1 bar

- 189.38°C (83.62K) @ 2 bar
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Point 2: N2 Gas

5 bar

T2 = 120°C (393K)

-80°C (193K)
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Point 3: N2 Gas
P3 =15 bar
T3 =-78 °C (195K)

HX

P4 =2 bar
T4 =-113°C (160K)

Point 7: N2 Liq or Gas

Point 6: N2 Gas
P6 = 2 bar
T6 =-183°C (90 K)

rototype of O
liquefaction

Straight-tube heat exchanger

- i
=
AilenS) Slhodd! Lo gl 655 Syl S0

Institute for Chemical Process Technology (ICPT)
http://aecenar.com/institutes/icpt
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Point 5: N2 Liq & Gas
P5 =2 bar
T5=-189.38°C (83.62 K)

LMTD Correction Factor Charts

configuration of exchangers.
- Data:
Exchanger Type

4 Shell 8 Tube Tema E

Stream 1
Temperature In (T1)
195
Temperature Out (T2)
95
- Result:
R1 = (t1 - t2)/ (T2 - T1)
= 9.7000
PL = (T2 - T1)/ (t1 - T1)

= 9.9524
LMTD = 15.417@

F = ©.4706
LMTD corrected = 7.2549

Shortcut Heat Exchanger Sizing

- Data:

Heat Duty

350

U Value

500

Hot Side

Temperature In

195

Temperature QOut

95

Geometry

Tube Pass

Multiple

Tube Length

1

Tube Outside Diameter (OD)

15

Tube Pattern

Square
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Prototype Heat exchanger (HX - N,/N,)

Calculates Logarithmic Mean Temperature Difference (LMTD) Correction factor for different

Stream 2

Temperature In (t1)

90

Temperature Out (t2)

160

00 01 0.2

Cold Side

Temperature In

a0

Temperature Out

130

- Result:

Tube Pitch

LMTD

Correction Factor (R
LMTD (Corrected)
Shell in Series

Total Area

Area per Shell
Tubes per Shell

Shell 1D (Estimate)

Estimates LMTD (Log Mean Temperature Difference), Exchanger surface area, number of
tubes, shell diameter and number of shell in series.

°K
K

21.2500 mm

23.39 K

0.8331

19.61 K

3

0.04 m?

0.01 m?

0

88.31 mm
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Point 4: N2 Liq
P4 =15 bar
T4 =-178°C (95K)

Gas flow rate of compressor : 25 Kg/hr = 6.9 g/s in condition of:
Condensing temperature: 55°C
Evaporating temperature: 7°C

- Data:

Exchanger Type

1 Shell 2 Tube Tema E

|

Prototype Heat exchanger (HX - N,/O,)

LMTD Correction Factor Charts

l 2 Model Number  00402-01 (17 Series Sanitary Hx, 4 Inch Tube Bundle) -
e N\ Tube Side = Shell Side —
C = | (product) e T (working) Srogen i
¢— | Flow Rate 0.4 kg/hr - Flow Rate 25 kg/hr -
N 1 ket Inlet
140 K - 83 K -
Temperature Temperature
Inlet Pressure 100 kPa - Inlet Pressure 200 kPa -
- Result: Metric Units
Heat Exchanger Model 00402-01
R1 = (t1 - t2)/ (T2 - T1) . -
N er Tube Side| Shell Side
Fluid Coygen Mitrogen
PL = (T2 - T1)/ (t1 - T1) Temperature In -133.15 |F190.15|C
= ©.9381 Temperature Cut -184 29 |-189.43|C
Mass Flow 011 b.95 |gfsec
LMTD' = 31.6156 Volumetric Flow A MNAC Ipm
Fressure Drop 0.0 11.04 |kFPa
. — Lz Heat Transfer 5 WVifatts
LMTD corrected = 24.8123 -
Effectiveness 0897
*The oxygen flow should be 0.4 Kg/hr or less
Shortcut Heat Exchanger Sizing
- Data:
Heat Duty
g W Cold Side
U Value Temperature In
150 WM oK 83.00 oK
Temperature Out
Hot Side 90.00 L
Temperature In
140.00 oK - ReSU":
Temperature Out Tube Pitch 21.3500 mm
§9.00 K LMTD 20.75 K
Geometry Correction Factor (F) 0.9623
Tube Pass LMTD (Corrected) 12.97 il
Multiple E| Shell in Series 2
Tube Length Total Area 0.00 m<
1 m
Area per Shell 0.00 m=
Tube Outside Diameter (OD)
Tubes per Shell 0
15 mim
Shell ID (Estimate) 79.41 mm

Tube Pattern

Square




