A Study on Flow Characteristics around Cooling
Tubes of Fan Coil Unit for Marine HVAC System
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A study on Flow Characteristics around
Cooling Tubes of Fan Coil Unit for
Marine HVAC System

Bong-Gab Bae

Department of Mechanical System Engineering
Graduate School of Maritime Industrial

Studies, Korea Maritime University

ABSTRACT

This experimental study investigates the wake flow behind a pair of
cylinders displaced normal to a free stream and the flow
characteristics around staggered cooling tube arrays of fan coil unit
used in merchant vessel. This study i1s also aimed to analyze the
transition mechanism of the large vortex generating process in the

wake having unique vortex shedding pattern associated with the gap

- il -



difference between the cylinders. The detailed visualization i1s carried
out using the PIV measurement. The transition mechanism of the
large generating vortex is clarified by showing the streak lines, the
vorticity and the statistical fluctuating velocity distributions.

As for the results of this experimental study, The flow
characteristics around cooling tube of fan coil unit are divided into
two distinctly areas between the wake behind cylinder. Flow velocity
with pressure drop effects i1s shown according to various Reynolds
numbers. Futhermore, the wake of cylinder shows a vortex region
with the periodic flow separation due to the wake unsteady
phenomena. With increasing air velocity into fan coil unit, heat
transfer 1s also enhanced at evaporator from the temperature

measurement.
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NOMENCLATURE

cross correlation coefficient
compression ratio

gray level value of pixel in correlation area
gravitational acceleration [m/sec’]
coordinate of grid for interpolation
radius of searching area [mm]

gray level of image

number of pictures per second

flow rate [m'/sec]

Reynolds number

pixel coordinate in searching area

unit velocity [m/sec]

dimensionless x—axis direction velocity
mean velocity [m/sec]

dimensionless y—axis direction velocity
distance in horizontal direction [mm]

pixel coordinate of image
x, y after calibrating rotation

distance in vertical direction [mm]



GREEK SYMBOL

At : time interval between image frame
Y : specific gravity [kgr.s/m?]

v(s,t) pixel coordinate in searching area
a8 : rotation angle of image

v : kinematic viscosity [m?/sec]

A : wave length of laser

p : density [g/m’]

SUBSCRIPT

b : bulk temperature

[ : inlet

m : mean

0 : outlet

opt : optimal

00 : ambient fluid property

- : mean value
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Fig. 1.1 Central air handing unit

Fig. 1.2 Fan coil unit
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High speed
Camera

Monitor ~ Hi-8mm or VTR

Fig. 2.1 Schematic arrangement of PIV system



(b)

Fig. 2.2 Photos of the experimental system
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Fig. 2.3 Measured moving distance of particle
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| Input of Image I

Image Recording

| Image Acquisition |

| Pre-Processing |

| Identification |

Particle Gray Level
Tracking Correlation
| |
I [of It id |
Linear entrol
; Calculation Pulse
Coldlng T Illumination
]
| |
1-Frame Multi-Frame
2-Frame 1-Frame
Code Trajectory | |
Matching Analysis Cross Auto
Correlation Correlation
Velocity
Vector

Post-Processing

Fig. 2.4 Flow chart of PIV processing
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Fig. 2.5 Coordinate system

,16,



Table 2.5 Experimental Condition

Item

Specification

Image board

DT3155 (640 x 480 Pixel, B/W)

Light source

5W Argon-lon Laser, A=514um

Visualization
Equipment
. Cylindrical Lens & Fiber Line,
Sheet light about 1.5mm
Gap ratio(H/d) H/d=2.0, H/d=2.2, H/d=2.4
Reynolds Number 3.0x10°. 5.0x10
Measuring
diti ) o )
condiion Particle PVC(Specific Gravity:1.02, 90~150xm)
Resoluti 1/400 sec.(High Speed Camera,
esotion Photron, B&W)
Calculation Time 20 second/Frame(200MHz, PentiumII)
Image Record Hi-8mm, Sony, Model:Pro5000
Data for Time-mean| 100~300 Frame(Random Acquire)
Image
processing

Identification

CACTUS'2000(grey-level
cross correlation algorithm)

Error Vector(%)

Under 0.5 %/Frame, Average -
about 0.15%
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Fig. 2.6 Schematic diagram of the grooved channel
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Fig. 2.7 Flow visualization
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Fig. 3.5 Instantaneous streamlines
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(c) T = 3/200
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Fig. 3.5 continued
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Fig. 3.6 Velocity distribution
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