MHMT ENFHT Pgrametric analysis of heat source and sink and design of heat

CONGRESS 2023

ﬁy exchangers for Trilateral Flash Cycle (TFC)
PSYCTO

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

felngs
g

Al

27 TEQONIKO MANEMIZTHMIO ASHNON

Christina Antonopoulou, Apostolos Gkountas, Konstantinos Atsonios, Panteleimon Bakalis,

W = (5 T Anastasios Skiadopoulos, Panagiotis Grammelis, Dimitrios Manolakos

INTRODUCTION

HEAT EXCHANGERS DETAILED DESIGN

- 63% of the rejected heatis considered low-temperature (<100 °C). Aspen EDR software used for the HEX design & geometry configuration. The
- The Trilateral Flash Cycle (TFC) is a relatively unexplored heat-to-power design fully meets the following criteria: ASME Design Code, Code Sec VI Div 1,
solution for low-temperature heat rejection. Normal Service class, R-refinery service TEMA class, ASME Material standard
- In the TFC concept, a liquid-liquid heater replaces the evaporator of the ORC,
so the expansion starts from the two-phase region. Heater — Shell & Tube Basic Geometry and Specification l
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- The design process of the heat exchangers of the TFC is examined, to find for such applications S P . |
out the optimum design to manufacture it for areal biogas power plant. i gﬁe] @j
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I; “ HFO 1234ZG(E) paSS(I-}S Type 3 Plain Type l‘}Singlf:segnuenlt:al
_ . . - hrough the She", while Total number of tubes 276 Number 14
. ._ !-Iot fuid Hotfluid  Pump Tube length actual (mm) 1500 Spacing (center — center) (mm) 90
W 0 s 1% im 2w 2 o the hot water flows Tubelengtwheffective (mm) 1435 ~ Spacing at inlet (mm) 13248
t'"'ough the tubes side. Tube passes l Spacing at outlet (mm) 13247
: Outside diameter (mm) 10 End lengthof the front head (mm) 165
The horlzontal She” and [nside diameter (mm) T End length of the rear head (mm) 165
Wall thickness (mm) LS Actual Baffle cut (%diameter) 24
tU be heat _ eXChanger Tube pitch (mm) 13 Cut orientation Horizontal
type was estimated as a Tube pattern (mm) 30 Cut thickness (mm) 318
Matenal Carbon Steel
BEM type Thermal conductivity (W/m K) 50.8
Bundle - Geometry
Shell ID to center 1st tube row:
= m— = = From top (mm) 67.44
‘Worklng fluid investigation based on heat source temperature \ P boton () L
RegardleSS of the Working _T_HFD"IZMZE{E)—!—HFC-MSI‘a ~8— HFO-1234z¢(E) —o— HFC-245fa From left (mm) 673
] i —@—HFO-1234yf  —@—HFO0-1233zd(E) ~o—~HFO-1234yf —#—HFO0-1233zd(E) Gross surface area per shell (Il'lz) 13
fluid, the increase of the heat _ -~ nrcusa e HRC134 Effective surface arca per shell (m) 124
source temperature improves g f g o | - al Table 1: Proposed Shell & Tube detailed design data
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. ° > (Fi9..2), e B e Condenser — Air Cooler — Basic Geometry and Specification
Whlle the exergy eﬁ]C‘ency IS Heat inlet temperature (°C) © Heat inlet temperature (°C)
estimated S“thly hlgher than Fig.2: Impact of the heat source Fig.3: Impact of the heat source The air-cooled condenser is Bae o AleCooler Dasle Ceonety 1
20% When HFC-1 233Zd(E) iS temperature on the thermal efficiency. temperature on overall exergy efficiency. Selected as 3 plate-fin heat Bundles per bay ]
Bay width (m) 337
employed at 90 °C. exchanger. The heat ex- Bﬁfl%‘f“;‘i”}(’?} s
changed was calculated Unit height (m) 245
< . . o . . ' Bundle - Geometry Fins - Geometry |
Working fluid investigation based on heat sink temperature 2846 kW, while the bundle | Tempetmte __ - Thnfoglis
Ari 5 | d . —e—HFO-12342¢(E)  —e—HFC-245fa —8—HFO-1234z¢(E) —#—HFC-245fa face area of 7.5 m2, Which | Tubes per row per bundle 30 Tip diameter (mum) 140
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5 %% i :'EE Condltlons Tube row longitfdinal pitch (mm) 35 Wall thickness (mm) C.}.ﬁ
E 0 : E 0 . j,l:, 1'{ o Layout angle (degrees) 30
Airtemperature il C) Water temperature inet (€ Table 2: Proposed air cooler’s basic geometrical data

Fig.4: Impact of the heat source temperature Fig.5: Impact of the heat source
on the total exergy destruction (kW) for cooling air.  temperature on the total exergy
destruction (kW) for cooling water.
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— o - Regardless of the working fluid, increasing the heat source temperature
improves the net thermal and the overall exergy efficiency of the TFC cycle

- The total exergy destruction (kW) for varying water and air inlet temperature
slightly decreases as the sink carrier temperature increases.

As the air inlet temperature in-
creases, the heat exchanger
surface (m2) gets higher,
while the overall heat transfer
coefficient increases too for
each working fluid.
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Air temperature inlet (‘O Aleiempasiire iiE0 - As in the case of air, the exergy destruction value is slightly lower than in the
e e case of a water-cooled engine, an air cooler is considered a beneficial condenser
heat transfer ((kW/ °C).

type choice.

- HFOs could achieve competitive overall cycle performance, compared to more
common refrigerants such as HFCs that do not comply with F-Gas regulation.

- The heat exchanger design proposed for both heat exchangers will be used as
a valuable basis for the TFC unit manufacture and the respective cost analysis
and techno-economic assessment.

The simulation model has been developed in Aspen Plus software
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