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Fig. 1.5 Structure of the Vending Machine and the Cooling Unit
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Reynolds number (= pVd / i) [-]
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Velocity [m/s]
Quality [-]

Magnet flux [Wb]
Loss coefficient (=1) [-]

Friction coefficient of pipe [-]

x:
¢
g
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U Viscosity [Pa-s]
g
P
K :

, Relative permeability [H/m]
Loss coefficient [-]
Density [kg/m3]
Thermal conductivity[ W/mK]

Subscripts
0-11: index of element
c: contraction
cdn:

,coil
condenser
d:

V-shaped groove
e: expansion
f: friction
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in: inlet
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Table 2.1 Energy Consumption of the Vending Machine for an Year

Season Temperature Term
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Winter 5C 90 days
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Fig. 2.10 Change of the Power Consumption in the Beverage Vending Machine
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(a) Heat Pomp System with Pulse Driven-type Electro-magnetic Expansion Control Valve
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(b) Heat Pomp System with the Capillary Tube

Fig. 3.3 Heat Pomp System
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(b) Cross Sectional View of the Pulse Driven-type Electro-magnetic Expansion Control Valve

Fig. 3.4 Structure of the Pulse Driven-type Electro-magnetic Expansion Control Valve
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Fig. 3.5 Flow Loss Model
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Fig. 3.6 Structure of the Pulse Driven-type Electro-magnetic Expansion Control Valve
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Fig. 3.7 Refrigerating Channel Model
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Table 3-1 Specification of the Valve for Theoretical Estimation

Index Elements Hydraulic Length / Loss coefficient Phase state
Diameter d (mm)
(mm)
0 Cylinder 3.0
1 Rapid-contraction §=1(4,14)
Liquid
2 | Pinhole 0.6 0.88 A=f(R,)
3 Rapid-contraction §=1f(414)
D | Decompression (dg) 0.3 -0.45 3.8x2 A=f(R,) Transition
domain
4 Rapid-expanding $=1.0,4,=f(d,)
5 | Flow path to 1.1 2.8x2 A=f(R)
container cavity
6 Rapid-contraction £=1.0 o
7 Container cavity 1.85 4.1x2 A=f(R) Gas-Liquid
8 Rapid-contraction E=1(4,/4) two phase
9 Orifice 0.6 4.0 A=f(R)
10 | Rapid-expansion £=1.0
11 Low pressure tube 2.76

Table 3-2 Calculation Condition for Refrigerant and V-shaped Groove

Refrigerant R744 (COy)
Inlet pressure: p; 6 - 9 MPa
Inlet temperature: T}, 15,23 °C
Outlet pressure: pg 4 - 6 MPa

Outlet temperature: T,

13 °C for T3, =23 °C, 5 °C for T, = 15 °C

Mass flow rate: m

2.0 - 7.0 (g/s), 1.0 g/s steps

Quality: x

0-02

V-shaped groove width: d,

0.3 - 0.45 mm, 0.05 mm steps

Processing accuracy of V-shaped groove

+0.01 mm for d,

ARWFFETIE, WL LT R744 (CO,) MW 5. X 3812 R744 DF Y = /LR ZoRd .
FOANADREELFENEZRLIZEDOTHS.
—J, BCARLERBEHITHOORELIENZ LTS, AR EHOIICEIT HIREET
BEXZI10CERARL, RIMMOEGEEx 2 0LLE02 LITF ERE L.

AR T RHERER X R744 D 7<) 2 BREN R E

g
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Fig. 3.8 R744(CO,) Mollier Chart
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Fig. 3.11 Comparison between Theoretical Analysis Result and Experimental Result
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Fig. 3.14 Comparison between the Calculation Results and the Experiment Results
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Fig. 4.1 Magnetic Circuit of the Pulse Driven-type Electro-magnetic Expansion Control Valve

4-2 TR D B AR
X 4.1 128 L7272V ZABRENVILEE IR RIS BT D Y L /A ROREFCIE, £4-1 187 X
) IR R E L CiRE A D 7=,

Table 4-1 Specification of the Solenoid for Theoretical Estimation

Items Specification
Sealing characteristics 40 ml/min
Displacement 0.8 mm
Maximum load force 145N
Diameter of orifice 0.6 mm
Differential pressure at orifice | 4 MPa
Durability 2x107

K 4.1 TRLEY L/ A ROFEFHIB W T, BAUICAMZHBICT20ER’H 5. AR
TR ET LDV AMENVE FERIX, E#FE L TORHALBET L. Z0Dic
X, BIEORNREEBEL, +oRy— A MEHBRTILERDHD. T E TORER)
OV — VRHED BEEE & 72 2 B ORIV E S 40.0ml/min LB\ 2. Fo, — BRI
EHEARTEWEY CEREIT A LENDH S, 2x107 B O IR UEKEIARASE L 72 5.
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VRN, T Ty A T 4 AERRIT IO — ViR 5 2 LI kY
IR SILD. A NVIEEN RSN TWRWIICIE, Ty R —LEIC Y7559
NRIZEV T T oV Z2HEICET, AV 70 AZBL2MEE L. 2ok, BikEE
WZBWTT Ty D a + Il oD% 0.8mm MERT 5. —T7, "AXOBARE
Z1llmm & LT, 7702y B4V 7 4 AT LHRICAFRE 03mm YD HIEE2 525
ZE bl Fie, AXREHE 045N/ mm & Bz,

FEEEO T — VR, Y 7 AL WEO AN EHODOENZEZEVAT S, H
= 2x107 A DOFEFZE A 0 3K L 7% DAL EIE, 6.9ml/min & 720, HEE{EE 40ml/min %V
BT DHENTE. ZORE, R —AMEGLNDLZERbNY, HELFEAN
ADORFOZUMELMRTH N TEL

Flo, YL A RICEoT, RERAMERDLIDIZ, —VIREBICHLAY 7 4 ZADON
JELAMNEDEICL >THELD N F, THDH. ZhiE, TOENZEAP, L4V 7 4 ADWmiE
A2 E ST, R@-DIzraTRHICTEVkdDBND.

F7;=AP;%x Ay (4-1)

FERRIC T — L STV DIFICIE, BEEOTRAVZELCLTWRNWDOT, £ 7 4 AOARE
HODE L, EICX 3.8 TRLEZEE IICAMPa DEHNENELTWD. U 7 4 ADHE
13 0.6mm THHDOT, X(4-DEV, 1ANDOHNBRAELD. Zhb0AfMEF EHT, K42
(27T 7Tt BN 0 ORI, 77UV Rt EL W IREICHD. — 0, &
ALS 0.8mm DBFIZ, TP x L, 4V 7 4 A0 —/LEICYUTZY, RBRHLLNLZ &
272 5.

1.5 —

1.2 -

09

Load (N)

0.6~

0'00 0.1 02 03 04 05 0.6 0.7 0.8 0.9 1.0 1.1

Displacement (mm)

Fig. 4.2 Load of the Solenoid
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ETNVERE L, BKUBIE O A RE L.

BRI BN T Fopr 1%, FICARTRE2DICL WV EHTHZ LN TE S,

B gal%2 Agap,
Fgap,= T (4-2)

4-3  REAIRIEE O Sl A BT T L

X 4312, YV /A RBERIBIE OB ZR7 . 2L ABRENELE IR O R R I B0
T, Ak, BExRRABEAEESND. LoLans, RSO % < T L
Tz @B T AEMAELS, BETEZH2b0ONRLW. £/, I—70/MUEZEBT SR
NG 72 &, BERWRBINCEHBRT 2 b0 b5 5. ABETIE, ElRO X > 2BHETE 513
EINSNEEZ DN DIRAEER, BRRGINCERT 2RI, BRI L 8L
7=.

P yoke, Core
Yoke, 1
¢
\ P leak P
I core &P,
P leak,
YOkez P

8ap. Plunger

Fig. 4.3 Magnetic Path of the Solenoid
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Fig. 4.4 Equivalent Circuit of the Solenoid

X 4.4 Ta L72 2RI 2B W T, IRAVEERS & & A T & ORI Z il T 2R 2T L,
HAHFERUCEY, K457 T 8918, SMEERNUOIEREZERT 5.
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Fig. 4.5 Magnetic Flux
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B 4.5 28T DRINENL, Seorer Poapr Doapts Pleakts Plearz THD. ZDREFRIZIUNT
PAC T2V —T 2T 5 FARIEIZOWT, BRI &[RRI 2 A L ORRE ) & R O
PLEMRDOBEOMMNFELNE L, 61T, BT IBROBAKREE L DD, TITRT(4-3)
(R T 5 BN TR EZMES Z 210k o T, &4 OMKABET HMKRERD D Z ENT
5. ZTIZT, BMKEHLR IIMENN—IT A POWEERD.

%(Rcore *R yokez) 0 0 0 Rleakz ﬁcore Hc
%(RCOF e P Ryole) %(Rcore *Ryoke)* Rgap, Rgap,  © ’ X ¢gap B H, (4-3)
%(RCOV e " Ryoke) %(Rcore T Ryoke) T Reap,  © Ricar, ¢gapl [ic
0 ! -1 -l 0 leak, | |
i : B 0 0 -1 _¢leak;_

4-4 BERN—IT  ADRM

I OFEMEIFRICHIT DRI Y T DA NN—IT A2 RDDH. SR 7T7 v
Y OMOX v v ZTEBEORIVERIL, BEICE, 770V OMEOEEEZITS. 22
T, FHREZMELT 2720, RLMRAS—ITUVARKREVWEBZONLEEE T T
Vv OB AMEEEEME L THW. P &) Preao WEIBAVEFRIZEE§ 53— 3
T UARRDT, FHRITEHER D LRD . Plgy [ZOWTE, BERMAHALD O ENH /3
—IT7VAERETLIHENREEIN TS, EEOFREIZBNTIE, ZEAEEEDR
W= T U ADEERWT, @Ik iHEET-o 7.

Progy,=(1.056d ., +0.640d yop/ H(X gy, /3) +0.07Tx g, +0.57) 4, (4-4)

gap,

F72, Prao [ZOWTIE, SREOE0om»Aa—7 Extm L TERE SN TWS. f@ELo
729, FoOHNE EZDOMOERDOESINHNR—I TV AZHEH L.

B 4.4 |2 LIZZEAMBI R E T MAZHOWT, FHMOBKNN—I 7 U AZHRET 5. 4212
BEOPELFHEMBREZRT. K42 TE, EOAMPRKE KGR RD b DZER 0.8
mm BT DT — X &,
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Table 4-2 Dimension of the Solenoid for Theoretical Estimation

Part Cross sectional area Length Permeability Calculate results
Peore 113.1 mm’ 40.0 mm 5.655 Wb/AT
Pioker 54.4 mm’ 77.7 mm 15=2000 1.400 Wb/AT
Pyoker 54.4 mm’ 22.1 mm 4.920 Wb/AT
Pleaks - 0.8 mm 0.0484 Wb/AT
Pleak2 612.0 mm’ 14 mm Ho=1 0.0400 Wb/AT
Poapi 113.1 mm’ 0.8 mm 0.1418 Wb/AT
Poap: 236 mm’ 0.5 mm 0.0700 Wb/AT

K A2 BT HHRN—I T VADFREERE, K467 77 TRT. 8, 3—7 72
E DR B CHERIZREE O /N— I 7 A, ERICK DR N—IT VAL AT, JE
BIICKRE <, MRIEHE LTEERLTHORWEE X S, E LRIV O S —
ITVABRERLDOTIERVN, BREE T T Ty BN TVWDRRIZIE, ToRE K
MTE DLV TIEARL, EEEVEHANMLETHDL Z EBnbh o7z,

KGR D Y L A RIZBIT DikdE EOREIL, 0N E T T 0P v OZERERENKE <,
WKW BI DB NS VRIS, BRARDRESRIRICHD. £, 70U L8N BEE
NTWBEEZIE, 770V y EEREOBR S— T VA Py 1T/ SV, B2 S
T EFET DWEHRIT, Popt & P2 L H DT, 770 V% EERNDEEIL T Py /NS WD
RF 0 7RIV D & 9, BRSNS — X T U R Py DERFHIB W TCIIIEE DB LETH 5
TV I —7 2 DMOZERIZEIT DRI T VA Py PR EWNZ LI, ARFIC
FToWoTT IV ZWGTHIENTELZ LIRS,

—05, 7T oV x LEEEDMDZERPNNS KR HIZONT, ZEROBR/S— T 2 A Py
DRESBRDZENRDND. 18- T, ZERNS/DNIWVRRZIE, WUV Z BB T 28R ES
BLTh, 77 Vy LBRENORMEZBRT OMRENKE LS, +aRBK%5I N3 5EL
nb.
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Fig. 4.6 Magnetic Permiance
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Force (N)

Force (N)

20

15

10

30

25

20

15

10

Magnetic Force

——

0 01 02 03 04 05 06 07 08 09 1.0 1.1
Displacement (mm)

(a) H.=415AT

Magnetic Force

/ —

0
0 0.1 02 03 04 05 06 07 08 09 1.0 1.1

Displacement (mm)

(b) H=715AT

58



Magnetic Force

Force (N)
)
S
I

—

0
0 01 02 03 04 05 06 07 08 09 1.0 1.1
Displacement (mm)

(c) H=1105AT

Fig.4.7 Calculation Results of the Magnetic Force
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Fig. 4.8 Experimental Equipment
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Fig. 4.9 Comparison between the Calculation Results and the Experiment Results
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NTEARERIZOWVWTELRT D, BXONLIREREHIIT 7 Oy DM LEEDORETHSH.
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Fig4.10 Equivalent Circuit

P leak,

B 21X, ZOROZEEA 0.5mm 725 0.3mm IZ7R2->72 & LT, W TaEEITY. ZDf
BT, Py DHNINETLRRLMTHY, ZNLSOFRSMAITE Z TR0,

Table 4-3 Dimension of the Solenoid for Theoretical Estimation

Part Cross sectional area Length Permeability Calculate results
Peore 113.1 mm’ 40.0 mm 5.655 Wb/AT
Pioker 54.4 mm’ 77.7 mm 16=2000 1.400 Wb/AT
Pyoke 54.4 mm’ 22.1 mm 4.920 Wb/AT
Pleaks - 0.8 mm 0.0484 Wb/AT
Pleak2 612.0 mm® 14 mm Ho=1 0.0400 Wb/AT
Poapi 113.1 mm’ 0.8 mm 0.1418 Wb/AT
Poap: 236 mm’ 0.3 mm 0.1167 Wb/AT

TR R A3 I LV B EOB R ZRD D Z LN TE, X421k VRS TIRNEH
END. H= TI5AT OEMEIIC L 0 34ET D REKWE] ) O #5 51E, 411 IR T LD

(Z72 %, MRATRESR & EERAEERIT AT L Y — &L TR,
& DRI S LTz

ZDREENRRE S EETHZ
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Fig. 4.11 Comparison between the Calculation Results and the Experiment Results
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Fig. 5.1 Temperature Change with the PD-EEV
#PD-EEV: Pulse Drived-type Electroc-magnetic Expansion Valve
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Fig. 5.2 Parameter of the Thermal Load in the Beverage Vending Machine
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Fig. 5.3 Concept of the Temperature Control
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Fig. 5.5 Characteristics of Pulse Driven-type Electro-magnetic Control Expansion Valve
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Fig. 5.7 Cooling System with Pulse Driven-type Electro Magnetic Control Expansion Valve
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Fig. 5.11 Relationship between Evaporating Temperature and the Power Consumption

EEBHEIRIZB T 267 2 v 7 KEK 512 1287, AV AT LAORSIE, 1[5 0E#ES
A 7 AT LT N ORI XD HI &, MIEEOARBREICLD 74— Ky s
HIEH 2 A DT EFERORRELZRDDL Z LICH 5.

F 7z, EMEEOEEREE, SIGHEO BIEZIRE~OREROFEIHE L VRO TEBY, &
Rt 7 i —E L2 s, K512 ITRTHEICBWTE, RIHENGHI SN D56 %t
BLELTNWDOT, DHEMOIEEZIZ L2 TFWIE, BE LRV,

FARIERR IR D O LRI, SEEE Y A 7 VRS UL O B AZ IR EE ~ O FZE R 2 5
ZDOWH KD, BIEREMNE K o TO DI TR BBl 2 & <, VR T
B AR I B3 U 7o PO L I B0 Bl b 2 AR < FERRE L, AU 0 S BRI [ 23 [ 14 5
D& oz, EiEY A 7 A EICHIET 5.

71



Open air

Condenser '
Compressor PD-EEV Evaporator
—( < > 1 Sensor| 1 + Sensor
1+ KT KT, O
G,
+ NS+
PD-EEV Evaporator

Sensor| 1 +  Sensor
% I_l “KaTn U 1
+N=t G.
PD-EEV Evaporator
G Sensor 1 + Sensor
e %L I—NKR
+

G,

+

G, CPU

Fig. 5.12 Block Diagram to Control the Beverage Vending Machine
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Fig. 5.13 Heat-pomp System with Pulse Driven-type Electro Magnetic Control Expansion Valve
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Fig. 5.14 Relation between Evaporating Temperature, Condensing Temperature and the Power
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Table 5-1 Calculation Result of Optimized Temperature

Temperature around Evaporating Temperature Condensing Temperature
(0) (C) (C)
5 -10 67
10 -10 67
15 -8 70
20 -6 68
25 -8 64
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Fig. 5.16 Block Diagram of the Beverage Vending Machine
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Fig. 5.17 Heat-pomp System with Pulse Driven-type Electro Magnetic Control Expansion Valve
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Fig. 5.17 Hardware Block Diagram
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Fig. 6.1 Heat-pomp System with Pulse Driven-type Electro Magnetic Control Expansion Valve
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Table 6-1. Experimental Condition

Items Condition

Temperature 5,15, 32 C
Temperature of Cold Beverage 0-5C
Temperature of Hot Beverage 55 - 65 C

Vending Machine 30 Selection
Drive Cycle 30 sec.
Beverage Full
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Fig. 6.3 Temperature Change at C-C-C Mode
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(b) Teperature Change with Pulse Driven-type Electro-magnetic Expansion Control Valve

Fig. 6.4 Temperature Change (H-C-C)
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Fig. 6.5 Temperature Change (H-C-C)
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