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Schematic diagram of a NTE capsule

+Shape Memory alloy was employed.

«Control rings and tying rods prevent buckling
and inflation of the rubber bellows.

Notional view of a thermal storage system
using underground heat exchanger

~Underground heat storage is effective to reduce of energy
consumption  Genchi etal. 1999

Is any system able to enhance heat transfer using its own
temperature difference?
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Assembly drawing of the NTE capsule

*Dimension of the NTE capsule; 64mm outer diameter and
200mm axial length.

*Ti-Ni SMA spring; 4mm diameter of the wire
24mm diameter of the coil and 6 turns of an active coil

*Recover transformation temperature of the SMA; 20 ~50 C
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Lim *; Full pressure (net)
. onthelid (on the
Full pressure on the lid as a surface and hot)

function of length of the vessel
*The point A must exist at the left side of the
point B.

*Does it become impossibleto complete the
cycle when depth of water becomes too large?

; Full pressure (net)
on thelid (at the bottom
and cold)
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Experimental setup for pressure measurements
of the vessel of the NTE capsule

Fixed in athermostatic water bath, equilibrium status
was measured
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Measured pressure and contraction of the
vessel
*Hysteresis of overhang, &, is seen, but that of pressure, p,
isn't clearly seen.
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Thermo- C-C Thermo-

E N couples

Water
Tank

=] Supply
Hcalcrs\ _

\] 95em
Water
Bath \‘? Refrigerator

Experimental setup and the NTE capsule

Pover

«Diameter of the water tank; 90mm or 150mm.
*Number of tying rods 6 or 3.
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16min 23min 25min

29min 30min 34min

*The experiment starts at Omin. (T,, = 65C., T, = 28C.)
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Pressure vs expansion of the vessel

Isthe hysteresisin this figure large or small for behavior
of the NTE capsule?
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Photos of the experiment for the NTE
capsule into a water layer of top heat mode

6 tying rods of the NTE capsule.

*90mm diameter of the water tank, 65C. of the
top and 28C. of the bottom.
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Experimental travel along the vertical
direction of the NTE capsule

*The lower end of the heater ; z= 0.55m.
«T, =58C., T, =37C.
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Temperature profiles along the
vertical direction in the water tank
«First, the water tank was kept away for 2 hours.
*The temperature at z= 0.45m changed, but others didn’t
change so much.
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Upper Layer

Lower Layer

| L L

30 40 50 6030 40 50 6030 40 50 60
T (°C) T (C) T ()

0 min 30 min 60 min
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Calculated travel along the vertical
direction of the NTE capsule

*Density of water according to temperature is considered.
«Temperature profile of the water layer is fixed.
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A: SMA spring D: Control rings
B: Rubber bellows  E: Tying rods
C: Lid(a) G: Guide flanges
C': Lid(b) F: Bottom flange

Schematic diagram of a NTE capsule
(Present Type; SMA spring is set outside of bellows)
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Average:12W

0. . 100
time (mlns
L L L
0 2 4 6
alternation cycle
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Walcr surface
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Average:342W

t15me (min)

0 5
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alternation cycle
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Value
Variable Symbet| Unit i
Imner 1y pe [Oue
[Atmospheric pressure kPa 101.0
Viscosity of luid n [wPass 800
Standard fuid density o | kgit® 995
Largest cross section of . nml oo
vessel
I ffective seetional arca of :
! . 3.90 3.90
Fm— s | em 1396|1390
lcat capacity of the vessel | € [ K 800 800
at capacity of the spring| €. | 1K 60.0 40.0
[diameter of the equipment | - | mm 6.0 6.0
Initial Length of thevessel | £ | mm 180.0] 1800
Free length ofthevessel | 4, | mm 160.6]  160.0
Mass ot the equipment ] e 433 453
of the vessel Su m 0.300 0500
4 of the spring S, m' 0.100 0,100
Initial pressucc in the oo | T
Solid body produet orhe | T e .
lequipment
Water~vessel overall heat | .
iy Ky |win'k| 400 400
lwansier coct (it
Koo |wink] 2000 —
Water-spring overall heat .
0 5. lwakl —
ransfer coctTicient S| BN s
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Upper Layer

Lower Layer

It 1 1 1 1 1
20 éO 60 20 40 60 20 40 60
T (C) T (C) T (0
0 min 4 min 8 min
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RAL =mRT

%CDP"MAnax -V(p - pw)g=-Ma

=

k (KN/m)
ES

For the inner type

\\

2 For the outer type
0 1 1 1 1
290 300 310 320 330 340
7 (K)
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400 280 300 320 340
T (K)

SMA NTE
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0.1,

2003/7/11

30 360 380
T (K)

T
— Case |
L -~ Case2
~=== Case3
1 1 It
0 1000 2000 3000 4000 280300320340
1 (sec) T (K)
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(2)SMA

2003/7/11

NTE

28

@sma
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(@PCM NTE

30
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Schematic diagram of new-model
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Pressurized Air
PCM
Vave

Top Flange
Middle Flange
Bottom Flange
Large Bellows
Small Bellows
Guide Shaft

NTE capsule

31

NTI capsule

Small

NTE capsule

2 Comthifna V(- p)3 = -Ma

2003/7/11

Diameter [mm | a1 34
Total Length o | a20 170
Larger NTE capsule Smaller NIl capsule

Large Bellows

Small Bellows

Large Bellows | Small Bellaws

Material Rubber Telon phosphar bronze phosphor branze
Outside Diameier 48 31 26 17 o
Inside Diameter 35mm 25 mm 17.8 mm 10.3 mm

Thivkness 0.8 mm 0.5 mm 0 1 mm 0.1 mm
Number of Threads 49 40 20 27
100 mon * A0 S0 mm 50 mm
* The N'Tlcapsule had most shrunk af this conditron
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(¢) Temperature

— loratank of
3m depth

- - - loratank of
Tm depth
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xm

200

(¢) Temperature

0100 200 300
1is

(1) For PCM type

400

500

7 34

—— Linear temperature
distribution

- = Stratification
temperature
distribution

600
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7" "bottomof
o W I heater

T & h b= ]
ttom of heater

0.8- 4

I I
time after releasing [min] time after releasing [min]

JFOUE o e A TROUTE ), n o - s E
. Travelof NTEcapsule - - Travelof NTEcapsule -
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Refriger ator

Heater
and
Pump

Water
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¢ 30 Pressure Vessel
= Electro-magnetic Valve Load Cell
g Pressure Sensor Thermo-couple(T type)
' Agitator Cartridge Heater
5 3 Small Capsule t Refrigerator Thermo-couple(K type)
= 20l Conciitioner for Load Cell NTE Capsile
y Datalogger Support Frame
Temp. Controller
10;
0 U p—
Time[s] @G FOUTE ™ per 1= 1 ! TR B BT
- Experimental apparatus for measuring
- coefficient of thermal expansion
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Change of buoyant force [mN]
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Impressed pressure
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TOMAC
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z[m]

L1 TP 1
15 20 25 30 0 100 200 300
Temperature[ ] Time[s]
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