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Mechanism Improvement of the Heat Exchanger for the Thermal Efficiency Increase
of Hot Air Heater

G. C. Kang Y. K Kang

Y. S. Ryou

Y. J.Kim S Y. Lee Y. Paek

Hot air heater with light oil combustion is used as the most common heater for greenhouse heating in the winter season.
Hot air heaters of 256,246 units have been supplied as main greenhouse heating equipment until 2008 and greenhouse

heating cost has reached to 620 billions won in Korea.

In order to improve the thermal efficiency of the hot air heater and to reduce the expenses for greenhouse heating,

prototype hot air heater was manufactured and tested in this experiment.
The heat exchanger of tested prototype hot air heater was circular and hexagonal pipe type and inline and stagger
arrangement type. Capacity of the heating was 43,062 kJ/h and total heat transfer area of the heat exchanger was 10.728 m’.
According to the performance test, it could supply heat of 38,240 to 35,100 kJ/h depending on the fan motor speed of
1,740~1,220 rpm, respectively. Thermal efficiency of hot air heater was 87.0% to 80.8% in the same conditions. As a result,
thermal efficiency of hot air heater with hexagonal pipe-stagger arrangement heat exchanger developed in this study was

higher 10.2% than that of conventional hot air heater and heating energy saving rate of 14.3% increased.
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Fig. 1 Design sheet of the heat exchanger for primary test(unit : mm).

364



J. of Biosystems Eng. Vol. 34, No. 5.

g £90 = 160 1000 250 251
) RGP @ GIT-GI6
e Er B % G1A~G20 -
& } @3 @JCB {}‘E K = G05-G13 R
@ @2@3 @4@5@ Eif @ GO1~G07
E 7 GF
[ 1 i i
1500

Fig. 3 Design sheet of the hot air heater and

UL sISiek olwe] AnH L A A(Clamp on power
hitester 3166, HIOKI, Nagano, Japan)E ©]-835}o] 2A|7FS
7 46k

A FERY - EFY % Audrol -] 2
7} LT AM(T-type thermocouple)S X5l E7]|=A)
(Hybrid recorder MV200, YOKOGAWA, Tokyo, Japan)E
0§ Q% ST F /1ALl olsl) TR 4 (02
olgalo] MALE AEsick

T8 32 QNS dusy] A AlEAYE o R
|7} ke 2371 2A g 43,062 ki/h
o, AiE HIUAL 3659 m’, 12} W3] AIHZ]
& 3.973 m, 22 Awdy] AGHAL 3.659 m’EA] AA
AAdz L 10.728 m’Z AZelgicy. dwshr)e dwg vt

= v
= o] 1,000 mme] &7} ol L 12} Aweh| g} 27}
Augrel Zkzt e 770, A% 670 ward e widsie
7k 13EA F 26702 AlZEkick

(e}

, ZAYA 5oz T43H
RoH, FIAPHEY F9-SolA e TF 2 T
S ZeA(MEDMSK, AIRFLOW, Buckingham, UK)E
g3t A3l

— =
LE EZ LT KS B 63119 i} 492 LEEZT 0|

location of the gas temperature sensors(unit : mm).

Exhaust gas outlet
Airflow B -
controller o High temp. airflow meter
~—(Cas analyzer)

Airflow meter

Air duct

g
00
=K%

@ [«— Hot air heater

Burner Oil flow meter
Oil tank

Air temp.
recorder

Fig. 4 Schematic diagram of the measurement device for the
performance test of the hot air heater and locations of temperature
Sensors.

7o) 500 mm, Zo|7} 5 mQl SFAPLRE 717 AA
I 719 49§50l Bisnke) o] ESRFE] 5 m Hol
71 9x9] S 18 Ao 95 F 36712 544
(PT 100Q)E A5} 2L7|=SA(MAS5690, AHLBORN,
Mynchen, Germany)E ©]-& 1] 15 7F40 2 =33t
T 233 TReAl A4, 1, 22 Qud] W A%
Uellx el 7k 5= AA G o) Al AjdE I8
IESE 128 EANE TIF 304 Hinke)l o) AR
W Ak gjo]zo] Fte] HA(ALE Gf, 13w ]
9] M- GO1~GO07, 74+ GO8~G13, 234w 37| s Gl14
~G20, A G21~G26, A% Ge)slal 257]5A|(Hybrid
recorder MV200, YOKOGAWA, Tokyo, Japan)E- |23}

=33t

S T Wsle] e BT AdE S8t 2F
W7 o] 33 R0l $355 47 |(IFA-IV 5.6kW inverter,
FANZIC, Hwasung, Korea)S X3l 4% EEQ 3|4

365



23Uy dug FTUWE % FuEy) PN

= 1,220~ 1,740 tpm 744 35207 2451910, o|uj9]
SEAHHEE] HeS5eM viEE= T TIAMEDMSK,

AIRFLOW, Bucklngham UK)=Z éx(j’é‘]- 22 Ve

Al 2B 7 23RS OAE 53792008 flow com-

puter, Thermal Instrument Co., Philadelphia, USA)E ©]&

=3elgi,

4) Hds A geEEM

Bt 23 ] ]‘E* WU Fs deS ArE

A e F ¢ & 1A 719] tiite] 2F o o)
Ak HH7]7V\ el %%‘&HOWH WA & Fote] &4

71% gk mEbA w7 I7EAR wiEE e w79 S5t
7] 9J51e] B7 )71 vyl 128 F3A)(6162 anemomaster,
KANOMAX, Osaka, Japan)Z /“X] 3 om, o] Qo= 7]
Thxol| ol BAEE drgsy) AF LFow wEys=
A SAsto] AEs dasS vlast] et} w77k
F-297)(Green Line MK2, EUROTRON, Sesto San Giovanni,
Italy) & Hi7]7k2 wfjE3tel] AX|skar S46k3ich

3= 7 ‘3‘7]4 3F e Tl HH
77k E Ee SAER] AHEEAE ehe, dam
() A58 WEdF T WiVkas SAYE I3 Xﬂfﬂ?{}
AAZ ALGFOoRE s vES Wohe 8w Y
21 (H)~2) (5)Z EA)¥HRural Development Administra-
tion, 2006).

LT

Q=lH+Q~-L]F (1)

Where, @, : Quantity of hot air heat (kJ/h),
H, : Lower heating value (kJ/kg),
@, : Heat input by sensible heat of fuel (klJ/kg),
L : Heat loss of exhaust gas (kJ/kg),
F : Fuel consumption (kg/h)
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Where, C; : Average specific heat of fuel (kJ/kgC),
T, : Temperature of heated fuel (C),
7, : Room temperature (C)
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Where, & : Quantity of actual exhaust gas(include stem)

(Nm’m'/kg, fuel),

C. : Average specific heat of exhaust gas
(kJ/Nm® C),

T, : Exhaust gas temperature (C),

7 : Air temperature (C),

G, : Quantity of theoretical exhaust gas(include
stem) (Nm’/kg, fuel),

m . Excess air factor,

A Quantity of theoretical air (Nm3/kg, fuel)

n= (1- ) < 100(%) )

H+ @
: Combustion efficiency (%),
L : Heat loss of exhaust gas (kJ/kg),
H, : Lower heating value (kJ/kg),
Q) : Heat input by sensible heat of fuel (kJ/kg)
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Where, @ : Quantity of heat (kJ/h),

p : Air density (kg/m’),

A : Air outlet area (mz),

V : Average air velocity (m/s),
C : Specific heat at constant pressure (1.0 kJ/kgC),
t, @ Average outlet air temperature (C),

t, : Average inlet air temperature (C)
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: Thermal efficiency (%),
@ : Quantity of heat (kl/h),
F : Fuel consumption (kg/h),
H, : Higher heating value(kJ/kg)
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Table 1 Comparison of quantity of heat and efficiency by shape and arrangement of heat exchanger tube in hot air heater

Type of hot air heater Conventional Prototype
Shape & arrangement . I .
of heat exchanger tube Circular-inline Circular-stagger hexagonal-stagger
(m’/h) left 11,120.4 10,688.4 11,667.6
Wind press right 1459 1339 173.0
(Pascal) left 160.3 1552 180.2
Quantity of heat (kJ/h-mZ) 3,395 3,185 4,515
Thermal efficiency (%) 76.8 73.0 87.0
. 5 right 57 64 59
Hot air temperature (C)
left 56 59 58
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