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Overall Performance

Simulation Shell Side Tube Side

Total mass flow rate kals 0.7546 1.5651

Vapor mass flow rate (In/Out) kals 0.7546 0.7546 1.5651 1.5651
Liquid mass flow rate kgls 0 0 0 0
Vapor mass fraction 1 1 1 1
Temperatures °C 25 249,35 595 49591
Bubble / Dew point °C / / / /
Operating Pressures bar 1 0.98664 1 0.99841
Film coefficient Wi(m?K) 358 12.8

Fouling resistance m=K/W 0.0001 0.00011

Velocity (highest) m/s 14.12 6.96

Pressure drop (allow./calc.) bar 0.03 / 0.01336 0.002 0.00159
Total heat exchanged kW 173.3 Unit BEM 1 pass 1ser 1 par
Overall clean coeff. (plain/finned) Wi(m?-K) 94 Shell size 1300 - 2000 mm Ver
Qverall dirty coeff. (plainffinned) WimK)| 94 |/ Tubes Plain

Effective area (plain/finned) m?| 456 / Insert None

Effective MTD °C 404.71 No. 81 0D 1016 Tks 4 mm
Actual/Required area ratio (dirty/clean) 1 1 Pattern 60 Pitch 127 mm
Vibration problem (HTFS) No Baffles Single segmental Cut(%d) 40.23
RhoV2 problem No Total cost 63839  Dollar(US)

Aspen-EDR _n ()b Slslae 4y b gy o ool a4 - ) 0 JK
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* ORC uses similar technology as steam cycle : evaporator - expander — condenser
* But organic work fluid is being used instead of water/steam

* Advantages : smaller quantity of evaporation heat and no superheating needed
o Evaporator

xw
Commonly used ORC
work fluids : e
* Toluene
* (Cyclo)-pentane 3 =
* Ammonia B
* Butane
* Refrigerants .
(R245fa)
* Solkatherm .
* Siloxanes
(silicone oils) :
14 13 1 08 s <4 2 ? 01 Qe e 0E
s [ifegi]
s i Je ) 42 _jgae ORC (Sl g ji 45 - TV S
Properties ORC media vs. Steam
p Perit Boiling Point | E .5y (1bar)
Fluid Formula / name [°C] [bar] [°C] [ki/kg]
Water H20 3739 220.6 100.0 2257.5
Toluene C7H8 318.7 41.1 110.7 365.0
R245fa C3H3F5 1541 36.4 14.8 195.6
n-pentane C5H12 196.6 33.7 36.2 361.8
cyclopentane JC5H10 238.6 45.1 49.4 391.7
Solkatherm |solkatherm 177.6 28.5 35.5 138.1
OMTS MDM 291.0 14.2 152.7 153.0
HMDS MM 2455 19.5 100.4 195.8
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ORC with regenerator: Sensible heat after expander is used to preheat ORC liquid
fluid in regenerator

P|T
h|®.

@ » Pressure [bar)

Toluene with regenerator

T = Temparsturs ['C) @
n = Enthaipy fUMg] Bz 24001 8e2| 250.00
#, = Mass fow [tph] 30561 ees2 0581 8382 N
11,  Buder efficency %)
7,, = Mechancal Pawer W] y Lfeetoow P+ 105283 0W 5 9_‘».. 1000 00 1W
B, = Electncal Power W) 19y = 40133500 n =75 % ~ LS b Y
%4, * Energy nput [V
AT = Low and lemg O\f1. [i]
ATor, = High endtemp. at? 000000 13528 _~
# = Fower W] m:l 102 38 15443] eo2 ?
n-umoc-ce"mncﬂ&z” /- 2TV 44 B892 S000| 30.03 >
Tha * MechanicarSlectrical eff [%] 126.32 7124
4, = Heat output W) 8] |e = {5} @ Q)
.0 = TraNAmEIRG Nest fow W] ' {10}
sooul 003
4 N\, 80| «e 0.08000] &1.00 12632 71234
7= 2000K m’ws a350| eese ‘
AT = MK
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! AR ; sesi| 71234
AT, o+ 103K | .
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Simulation made in Cycle

empo (TU Delft)
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—-— Condenser —|=—— Adiabatic section Evapoutor“
Vapor flow

Heat in

Heat out

Capillary structure

Tube
Liquid flow
EVAPORATOR CONDENSER
HEAT IN . ) HEAT DUT
luuu Working fluid vapor flows through center I"""

—— —— G G —— —— — G — f—

e G e G A | A e e e

i i

HEAT IN HEAT OUT

Envelope: Sealed outer wall that
contains wick structure and
working fluid

Wick: Vapor condenses and
travels along the wick to
evaporator by capillary action

Working Fluid: Vapor travels
through center to the condenser

O IS Kiska s Heat Pipe <iliss csls (iss -F) JKi
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WHAT ARE THE BENEFITS OF HEAT PIPES?

i % X ¢

High Effective Passive Long life Lower
Thermal Operation with no Costs
Conductivity maintenance
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Working fluid Compatible material Incompatible material

Mercury Stainless Steel Molybdenum, Nickel, Tantalum, Inconel, Titanium
Caesium Titanium, Niobium. Stainless Steel, Nickel-based super alloys

Sodium Stainless Steel, Nickel, Inconel, Niobium Tianium

Lithium Tungsten, Tantalum, Molybdenum, Niobium Stainless Steel, Nickel, Inconel, Titanium

Stlver Tungsten, Tantalum Rhenium
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Flusd Casing Materials Compatibility
Metals Elastomers Polymerss
Aluminium Copper Stainless Ferritic Steels Silicon PTFE, PCTFE. PVDF,
Steel PA, PP

Cryogenic Applications Helium (He) 7/ 7 v 7 v PCTFE, PVDF, PA

Hydrogen (H) v v v v v

Nean (Nej v v 7/ F

Nitrogen (N;) 7 7 v 7 v 4

Argon (Ar) v v 7/ v v v

Oxygen (02) 7 7/ / corrosive in presence of v v/

moisture

Methane (CHy) / s 7/ 7 PTFE, PVDF

Krypton (Kr) 7/ v v v

Carbontetrafluoride v v v

(CFq)

Xenon (Xe) v v v 7

Ethane (C;Hg) 7/ v 7/ 7/ PTFE, PVDF
Low Temperature Freon R22 v PTFE

Applications Freon R410a 7/
Propane (CyHg) 7 v v v v
Ammonia {(NH,) 7 corrasive in presence of v 7 v 7
mossture

Freon R134a 7/

Freon R21 7 7/ /s 7/ PTFE, PVDF

Freon K11 v v v I'TFE

Pentane (CsHyz) acceptable v

Freon R113 v v 7 PTFE, PVDF

Acetone (CHO) acceptable v v 4 PTFE

Methanol (CHyOH) v v v 7/ v

Ethanol (C3Hq0) acceptable acceptable v ceptable acceptable

Heptane (CH s} v v v 7 PTFE, PVDE

Toluene [CHs-CHy) v 7/ 7/ 7/
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corporation name country products |

Furukawa Japan " mico heat pipe

Aavid - Boyd us heat pipe/ heat pipe assemblies/ vapor chamber /
thermosiphon /immesion cooling boiler plate

Fujikura Japan heat pipe/ heat pipe assemblies/ vapor chamber

Cooler Master Taiwan CPU cooler

AVC (Asia Vital Taiwan CPU cooler

Components)

Auras Taiwan heat pipe / heat sink

ccl Taiwan heat pipe / heat pipe assembly / vapor chamber

Forcecon Tech Taiwan / China  tin & ultra-tin heat pipe/ cpu cooler / heat pipe assembly /
vapor chamber

Wakefield Vette us heat pipes/ heat pipe bending tools / vapor chamber / CPU
cooler

Thermacore us heat pipe/ heat pipe assemblies

Innergy Tech Canada HVAC: heat recovery / dehumidification

SPC UK HVAC: heat recovery / dehumidification

HPT us HVAC: heat recovery / dehumidification

Dau Austria heat pipe/ heat pipe assemblies

Taisol Taiwan heat pipe/ vapor chamber

Colmac Coil us HVAC: heat recovery / dehumidification

ACT us HVAC, heat pipe assemblies (electronic), vapor chamber,
cabinet cooling

Noren us cabinet cooler / heat pipe assemblies

guangdong new China micro heat pipe/ conventional heat pipe / vapor chamber

ideas technology

Novark Taiwan heat pipe / vapor chamber

Deepcool China heat pipe assemblies

Wtl-heatpipe China ANY HEAT PIPE ASSEMBLIES!!

Harbin DawnHappy China Any heat pipe applications!! From electronic cooling to

Heat Pipe industrial heat recovery

Celsia US / Taiwan
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1,000,000

100,000

10,000
Endurance spec. rating

3,000 hours at 105°C

Capacitor life, hours

*
sl 2,000 hours at 105°C
s 1,000 hours at 105°C

1,000 T T T T
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Temperature, °C
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