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Heat transfer characteristics of the heated block with an

oscillating cylinder

Student: Shun-Chi Yang Advisor : Wu-Shung Fu

Department of Mechanical Engineering
National Chiao Tung University

ABSTRACT

The study investigates the heat transfer enhancement by a reciprocated
oscillating cylinder in a channel flow. The characteristics of flow and thermal
fields are analyzed experimentally. ln,the. numerical analysis, computational
fluid dynamics software is adopted to solve the flow and thermal fields. In the
experimental investigation, the effects-’of Reynolds number, oscillating
amplitude and oscillating frequency onithe heat transfer characteristics of a
heated block in the channel are examined.

The results show that the oscillating cylinder induces the flow vibration.
This phenomenon would disturb the flow and thermal fields in the channel
flow, and the heat transfer rate in the channel would be enhanced.
Furthermore, as the oscillating frequency of the cylinder approach the natural
vortex shedding frequency, because of the phenomenon of resonance in the

channel flow, and the heat transfer rate is enhanced more remarkably.
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FAC plus Liquid-cooled (including
Natural air Forced air  water-cooled  evaporation, boiling)
convection convection  heat exchanger
(NAC) (FAC) (WCHE) Direct Indirect Heat pipe
Construction ~ Component (IC NAC plus ~ WCHE inserted Component —  Compenent —  Component —
(—: main etc.) plus fin  fan/blower into air-flow liquid-immer-  cold plate heated area —
heat flow) — circuit- passage sion plus HE cooled area —>
board shelf (water, air) heat sink
— frame .
Coolant Air Air Air, water Inert insulator ~ Water, etc. Water, methanol,
liquid ammonia,
E.C., etc.
Coolant mover (Bouyancy) Fanblower  Fan/blower, Pump Pump Vapor pressure,
pump capilarity
Coolant velocity ~ 0.2 m/s 05~10ms — — — —
Cooling Small Middle ~ Middle ~ large Very large Large Large
capability large
Equipment Large Middle Middle Small Small Small
volume
Acoustic noise None Middle ~ Middle Small Small Small (heat-sink
large liquid-cooled)
Reliability of  Large Middle Middle Small Small Large
cooling
Economy Large Middle ~ Middle Small ~ middle Small ~ middle Small at present
large
Remarks (capa- Capability in- — — Capability de-  For example, He- Capability de-
bilities, etc.)  creases by pends on HE gas used to de- pends on HE
chimney capacity crease contact  capacity
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# 1-2 LA 0N FHE }gkﬁw b4 [8]

Single-Phase Single-Phase Pool Force-Convection
Natural Convection Forced Boiling Boiling
Convection Condensation  Mass Transfer
Passive Techniques
(no external power required)
Treated surfaces — — 149 17 53 —¥
Rough surfaces 7 418 62 65 65 29
Extended surface 23 416 75 53 175 33
Displaced enhancement devices —¥ 59 4 17 6 15
Swirl flow devices —t 140 — 83 17 10
Coiled tubes —1 142 — 50 6 9
Surface tension devices — — 12 i — —t
Additives for liquids 3 22 61 37 — 6
Additives for gases —% 211 — — 5 0
Active Techniques
(external power required)
Mechanical aids 16 60 30 7 23 18
Surface vibration 52 30 11 2 9 11
Fluid vibration 44 127 15 5 2 39
Electric or magnetic fields 50 53 37 10 22 22
Injection or suction 6 25 7 ! 6 2
Jet impingement — 17 2 1 — 2
Compound techniques 2 50 4 4 4 2

— Not applicable.
*Not considered in this survey.
+No citations located.
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Velocity = 0.0844V * —0.1161V * +1.3487V * +0.3308V —0.0026 (2-2)
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PREEXY T Lo s 2RI e g o R A TR R
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(2-3)
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%41 R fet 4

Re, F. L.
Casel 147 0.102 0.4
Case2 147 0.153 0.4
Case3 147 0.204 0.4
Case4 147 0.204 0.2
Caseb 155 0.135 0.4
Caseb 155 0.156 0.4
Case7 155 0.177 0.4
Case8 155 0.198 0.4
Case9 155 0.198 0.2
Casel0 155 0.219 0.4
Casell 178 0.166 0.4
Casel2 178 0.166 0.2
Casel3 185 0.131 0.4
Casel4 185 0.157 0.4
Caselb 205 0.118 0.4
Casel6 205 0.142 0.4
Casel7 238 0.121 0.4
Casel8 275 0.106 0.4
Casel9 327 0.089 0.4
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ITER = 1539
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