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The study on the estimation of heat transfer coefficient through

the counterflow concentric tube using refrigerant and moisture air

C.S. Song - K. H. Cho

Key words : LMTD method(t % & &%3}), heat transfer coefficient(@d A& A 4), heat
exchanger(d @ § 7)), silicon oil(d 2] & 2%), mass flow rate(Z %), mois-

ture air(37])
Abstract

This study was conducted to develop new drying process for automatic control and marine engi-
neering system. Air-water tests were carried out to investigate dryer performance. The dispersed
flow in the dryer test apparatuses was also simulated by using a numerical code, which solves the
Dittus-Boelter equation for continuous liquid phase and the Reynolds equation of droplet motion
for dispersed phase, to predict droplet removal efficiency.

Proper conditions for dehumidificatoin were optimized by response ambient conditions. When
the selected indexes were constrained in the range of 85-98% moisture content, above 15° and more
than mass flow rates of moist air 750 kg/h.

The numerical results were compared with the experimental data pertaining to the removal effi-
ciency at chamber stage and overall pressure drop along concentric tubes

Good agreement was obtained as for the efficiency, while relatively poor agreement was obtained
for the relative humidity.

The results also showed that the efficiency depended strongly on the relative humidity at the
inlet condition, which indicated the importance of estimating the heat exchanger length.

Effects of some design parameters in both removal efficiency and breakthrough onset condition

are discussed.
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Nomenclature
Symbol
: Area (m?]
: Specific heat [kJ/(kg - K)}
: Diameter [m]
: Mass flow rate [kg/(m? - s)]

: Heat transfer coefficient
[(kW/(m? - K|
: Thermal conductivity
[kW/(m - K)]
: Mass quality [kg/h]
: Nusselt number
: Pressure [kPal
: Prandt]l number
: Heat capacity kW]
: Heat flux [kW/m?|
: Reynolds number
: Temperature K]
: Quality

Greek Symbols

: Difference
: Viscosity [kg/(m - 8)]
: Density [kg/m®}

Subscripts

: Calculated

: Critical

: Experimental

: Inner diameter
: Inner thickness
. Outer diameter
: Moisture

: Refrigerant

: Coolant

: Vapor

: Tube wall

1. A

rhu

T Atel] glolA 258 717 & gl o] &
EA o FA o ofstal -85 dow, Ao
© Yo g 4537 oatd TEHm U
A5z B e #¥7 U a2da &8
59 fFa§ o] 5o o] %3N 717 &
= &Y AF AT $He ¥gs 2
o mEA g7 AR SRR 3] S8
ARt A - Atete] gu A2d F537)
& AE A FA A Tt AojAl Avle) Al
A& wd Aart Uk A1 5] F717) &)
e F - 7Itd o R I RE FYH e Be
EE Qe Al2gle] e BdE RAVL AAE
olok 3t A, AEA, HAA, Bydel 5 F
A HESL F - T HeH E4E 1
2§ Al 2"o] FA s ofof gtk A G & 4
o Autel A FHAHA $4Hn o Y7
€ FAtgso] #4853 Jov 54 B9 4
Azxda FAx0 7MEsn AY FYol| &
st gl AA A Mol g Bardo] F58t
i glovt Aergk A17t gle Aol mebA
A7 A7 o124 nEg gysia 372
Z718 F4H3E A1717] S8t #AE 2 AT E
TysAt

2. 0|23y A AF

AT E 3718 AfFe) g8 YEAD
271 2A] Tube in tube type G 37 AA 2 A
AN S st b £ A o] 8 aA
S BT A2V 8F AN D AT &S Falo
HlolBl & At&3tn HE & Tt ol F AFee
o] E2jof gl}.

2 ATFAME F37] 2 AEH 7 Fol A u) o
i frEFH Awmer] Zol g Fate -9 vk
Zol7b Fold w) Yl f T 37 27T JAE
T A F-o ddle] o] @l N g 488t}
Fig 1 F 7 §-o) t2ag dn &8 g8 A
ojrh AA Afzel L& EYA) & A 2lstol

P goz A o714 94 gE FRow

(688)



e ok G4717k @At 23 ol WEA T A A S AT AT 11

&
[Foss gns 20 23

4q
A 4T Refrigerant

r

2 tube

SHOHE FHEH
(A&
Iy
1, =T®  Moist air
1t element 2nd element

Fig. 2 Schematic diagram of heat transfer process
in a concentric tube
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Fig. 3 Heat transfer resistances when condensate
is formed in a concentric heat exchanger

Table 1 Tube geometry and initial conditions
T

_ Refrigerant | Re1z
Tube ID | 0.014 [m]
Tube OD 0.020 [m]
Tube IT | 0002 [m]
Mass flux of moist air . 30.0 [kg/hr]
Inlet temperature of moist air ‘ 49.0 [°Cl]
Pressure of moist air 0.1 [MPa]
Inlet relative humidity of moist air “ 60 [“%]
Inlet temperature of refrigerant [°Cl]
Outlet humidity ratio of moist air ! 0 03459 [kg/kgl

Table 2 Output results with input conditions

Mass flux of refrigerant { 6.1 [kg/hr)

Film thickness of the end of heat 0.00021[m}
exchanger ‘

Outlet temperature of moist air ’ 34.05 [°C|

Length of heat exchanger \ 0.82 [m]|
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Table 3 Enthalphy for the dehumidification pro-

cess

Enthalphy Value
hfg (R—12) 154.87780 |kd/kg]
hy(moist air) 169.72080 [kJ/kg)
h, (moist air) 122.88980 [kd/kg]
h,, (water) 142.67420 [kJ/kg]
hg, (moist air) 2256.9440 [kJ/kg]
rate of dehumidification 0.330 [kg/hr)

Fig. 4 Schematic diagram of Experimental Appa-
ratus
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Table 4 Test Section Specifications

Appar'ltus Speclﬁcatlon
Tube Matenal Copper(KSD5301 k 401
ID of Inner W/m-Kat0°C

in » ”
Tube Tube ID of | 3/8”(9.525mm, t == lmm),5/8”(15.875mm)

Outer 'I‘ube 6/8’(19 05mm), 9/8”(28. 575mm)
I‘hermocouple 0 5mm T type
Absolute Press. Valcomn Co.(Model : VPRO-A3,
Transducer Range : —1~20kW

Differential Dwyer Instrument Co.
Press. (Max. Press. : 3447kPa, Max.
Temp. : 49°C, Min. Temp. : —6°C
Oval Co. (Max. Press. : 2451kPa,

Ref. Mass Flow Max. Temp. : 177°C.

Transducer

Meter Flow Rate : 0~ 5kg/min)
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Fig. 5 Refrigerant evaporation heat transfer coef-
ficient with the variation of refrigferant

mass flux
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Fig. 6 Refrigerant evaporation heat transfer coef-
ficient with the variation of refrigferant
saturation pressure
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Fig. 7 Refrigerant evaporation heat transfer coef-
ficient with the variation of diameter of
refrigerant side
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