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Study on heat recovery from hot spring
-Evaluation of degradation character of heat exchangers and discussion about potential for improvement
in their shape-
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In order to use the hot spring heat, we have considered heat recovery from hot spring at the community. A series of

experiment for evaluating the degradation character of heat exchangers (HEX) by scale in hot spring is conducted. As a result,
flat plate HEX has not been degraded its performance by scale in alum spring for a week. On the other hand, falling-film HEX
has been degraded its performance for 3 month. The degradation character is analyzed from the point of view of outside
temperature and scale. Consequently falling-film HEX has been affected by not only scale but also decrease in outside
temperature. We have also discussed about improvement of the experiments and shape of HEX by referring the formula for
estimation of the heat transfer coefficient from previous researches. As a result, a few improvements in both type of HEX are

indicated.
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Figure 1 Image of heat utilization from hot spring

. Scale
Hot
ot spring Hot spring

o @) ) o o o
O o 0 ©]
!!lean water

Clean water

Figure 2 Image of the performance degradation of HEX
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Q=pCV(Teo—Te) (1)

‘ATm:(ATAfﬁTB)/IOg(ATA/ATB) (2)
- K=0AT,/A 3
Q :Exchange amount of heat(W)
p :Density(kg/m®)
C :Volumetric specific heat(J/(kg * K))
\Y :Clean source flow rate(m%s)

Tui :HEX inlet temperature of hot spring("C)
Two  :HEX outlet temperature of hot spring("C)
Tei ‘HEX inlet temperature of clean water("C)
Teo ‘HEX outlet temperature of clean water("C)
ATy, :Logarithmic mean temperature difference(K)
ATa Ty~ Teo(K) A :Heat-transfer area(m?)
ATg Ty~ Te(K) K :Heat transfer coefficient(W/(m? - K))
Table 1 Specification of each HEX
Flat plate HEX Flat plate HEX
(Pipe type) (Plate coil)
Hot Hot
Clean water springlill | spring B HEX
route

Clean
water

Cross-section

structure

: SUS304
Hot spring l 1 50am)
— 3 Hot spring l
-
t
wate Cu SUS304 —— 1.5(mm)
0.64(mm

Heat transfer
coefficient

ATT(WI(m? + K)) 1448(W/(M? + K))
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Figure 3 Aging of heat transfer coefficient of Flat plate HEX(Pipe type)
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Figure 4 Aging of heat transfer coefficient of Flat plate HEX(Pipe type)
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Figure 5 Specification of falling-film HEX
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Figure 6 Aging of heat transfer coefficient(alum spring)
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Figure 7 Relation of measurement temperature and outside temperature
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Tw=a(Ta—Ta)+Teo @

T'w :Corrected HEX outlet temperature of heat source water (‘C)
a :Slope of regression formula

Ta :Outside temperature("C)

T :Standard outside temperature (20°C)

Teo :HEX outlet temperature of heat source water (*C)

—=Measured value —Corrected value
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Figure 9 Aging of heat transfer coefficient and corrected it
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Nu  :Nusselt number(-) Re :Reynolds number(-)

Pr  :Prandtl number(-) P
g :Gravity acceleration (m/h?) s . Interval of pipes(m)
Dy : Outside diameter of heat transfer pipe[m],

1y Viscosity of the falling-film(kg/(m - s)

:Density of the falling-film (kg/m°)
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Figure 10 Relation of heat transfer coefficient and pipe interval
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Figure 12 Aging of Measured value and estimated value(alum spring)
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