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Design and performance of heat pump intermittent pasteurization machine
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Abstract: An easily-realized heat pump intermittent pasteurization
machine was designed. Its structure and working processes were
studied, and its key components were chosen or designed, including
the bactericidal vessel, the hot water tank, the cool water tank and
the heat pump. Based on detailed calculation of its working period
and energy consumption, a comprehensive comparison was given be-
tween the heat pump intermittent pasteurization machine and normal
pasteurization machine. The results show that the heat pump inter-
mittent pasteurization machine has marked advantages: besides its
long working life and high safety, the running power and energy con-
sumption of the heat pump intermittent pasteurization machine is a-
bout 1/4 and 1/5 of those of the normal pasteurization machine with
little difference between their initial cost.
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Figure 1 Schematic diagram of normal pasteurization

machine
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Figure 2 Schematic diagram of heat pump intermittent

pasteurization machine

PO T[] B R AR TR HIL Py 3K R v AR LR L A
R RIS TRAEL VE BEAs IV IR 28R A% KRR R4 (4G
KA IR R I~ . AR ok A¥% 4 °C
WA W3S AR TR SRS BOK TR R B 1/ 201/ 5 4T T O
b RS P o 1 PROK A v i 3R KORE A B B R 35 C A
ZJE AR BOKRE R ORRIBAT. I 20 5O 7L 3 FTTT
CHA IR DG A ) » B 22 PR v B0 I A 2 A SR T R I 5 e
AR S TR () I IR 28 e Ao ¥ KA TR B K B L 0
FRAPITHE R 65 CHY L PRI ORI AN K A L R0
TE % B b PRI R B 30 ming v /R 3l 1) 4118 6 47T G
b TR 5GP & S ¥ K AR Y ¥ JKORS R T RE RO A A 5 B0S
B 45 CLA s F8 g R PURE QKRR 418 6.1 8
FIIF CHAtL R DG R SRR R S IR G HEAR B R &
KA WK SV A BRI L
2 PRI B E IR WAL BT

IS B2 B D 150 T fdy A 2 2 J) i o 1L R i LR
191 BB A 0 L2 RO 0 5 -

(1) T Bl PN RS 30 B DA D 3% v R O B 5 40, 25

% AL B T VR R AR S R R BRI K AR L D D H=
1 1L BBER Cy=0. 7% A .

T H — 15;? (D

AWNEYIEC/

D=0.65m

H=0.65m

B ES R B Hoe S A8 T E P IR 3 B2 1 80 %6, I A

Hyy = 0.8H = 0.8X0.65=0.52m (2)

UL e 0 2 e 2 AR TR e 24 -
Fyre = xDHyp = 3.14 X 0.65X 0.52 = 1.06 m*  (3)

R RGBS B4 R R Fyp N
Fyp = 0.25xD? = 0.25 X 3. 14 X 0. 65 = 0. 33 m?
(4)

e B A T Fre ol

Fyr = Fyre + Fyrp = 1.064+0.33 = 1. 39 m? 5

(2) FRIARFA N K AR RT « Sy 98020 o 4 0 T v ) 2 173 B
KR A 35 3, 7R AR R () B X PR TR AL P R B K A A
VIR AT R T FEA U BN 4~ 6 £, B0 AL BRI K 46 A
VKA R SHARTR . B K X 58 X B =1.0 mX1.0 mX0. 8 m,
K3 750 L, AR IR A4 R R 0 R 2 E . SRR 2R E 0. 08 m, 5
PRER 19 iR AT/ F 100 W

(3) REET LS L56 F BHGE I AR H L HoK
TR VK TV A5 I BE 1 B[] D RE FE L IR K A8 9 IR I 4R
BB E Tuwi B 51 °C, B4 W45 K IR E Tuw: 284
45 °C 5 B KA N K BT 4R 152 2 W BE Tewr 2 35 °CL TR 4 45
JEVKIRE Tew. 2807 39.6 C,

(4) FRIEHEARY . AE PO A0 ) B B R B AL VR )
R B2 5 00 AT 7 1) A S R 2R 5 8 0 UT T 1 ¥ L R A B
TG R K AR A 0 SR — v T A R AT AR A
P R A7 A R P AT RE A

2 07 i A Ao A PR T AR R RS i A A B B A
B 1A] B S 88 3 30 min. MU RE A B 4 95 5 Mo 150 kg, 4R
WELb# Oy 4.2 K]/ (kg « OO ARG A= WIHIR T 4 °C
TG IR EE Ty g 35 °C 2% B S & v 06 BR K 5 0 9 4 %
Z IR AR B kne 7 1.0 KW/ (m® « °C) I 2= % o044 B B
e 5 B 1] ¢yry 4

MCx(Tay = Tho) = vy By (DT
T 2D (6)

[AWNEVIE €/

150 X 4.2 X (35 — 4) = gy X 1 X 1.39 X
(51§4574+235>

%ﬁ%:[n{y:/lgg s=38. 2 min
R A B B 19 B[] g 29 20 min, 2 475 0 A 25 IR

Tz R 65 °C U EAFE A 5 B i - 35 5 ff Qo
_ My Cy(Tye — Ty) _ 150 X 4.2 X (65—35)
IRB I 20 X 60
15. 75 kW "
B B R IER POK AR A Taws » WA -
kne Fyr < Thwe g Tuws T ; T ) = Qs (8)
IAWNEE Ik VEi
45+ Tuws 35 +65\ _
1x1.39x( 5 5 )715.73

fift 1% : Tuws =78 C
BB ARE 25 e A0 T8 B A v BAE T BT 5 K N 1 T 249 4%
75 ATwe 8 °C o A 1 ] $4 R 80 COP e Gl R B0R
61



E2EFE2H

PR 7R A PR ) A T PR AR T LAY BEIH 5 BB 43 A

MEB R SHEEZ IO AN

0.5 ( Tiiwe TZL Tiiws S ATwr + 273>

COPyr = (9
M Do+ Taws (g p  Ton + Tows
2 2
AWNGEYIECi TR
0.5 X (4°J2r78+8+273)
COP yr = = [_=4.2
4o+78+2><8_39.6+3a
2 2
HEEIR Pup N
_ Qs _ 15.75 _ _
Pyp = COP 12 3.75 kW (10)

AR HOK IR 2% 7K S 44 20 %% 5 T U
% A

3 FRIE AR ] Bk X L2 R DL Pk fig 4 T
3.1 I{EmtE

CL 235 T A B 1)« 20 4% 0 A BT T8) ¢ g 3R K 004 B[]
Liry AV IR I AT (8] £y 2 T, B

tr = tiry + trs = 8.2+ 20 = 28. 2 min D
(2) I H1 B E) - 352 i 2B B, ¥ K A6 P98 K B R
MR
Tuwi — Tuwe __ COP (12
Tews — Tewr COPyg — 1.0
AWNGES L EF
51—45 4.2

Tew, — 35 4.2—1.0

fi#45 Tew, =39.6 C. 5% E M.

B WY BTG A YR BE A T - WA

Tews — Tewr = 0.2(Txz — Tia) (13)
AT HER -

39.6—35 = 0.2X (65— Tw)

fi#458 : Taa =42 C

B Y B B tiay » A

My Cy (Tyz Txa) = tigvkse Fir <

Tewi + Tews ) 14)

2
(WNSE €
150 X 4.2 X (65 — 42) = figv X 1 X 1.39 X

(65?427354239.6)

A5 gy =643 s=10. 7 min
BT H Y BECGAE i 8 R B COPy ly 4. 0, U 4R 45
TEITE R EN G5 R T s B A9 IR T 5 2

OPw. _ Tuw — Tuw (15)
COP, — 1.0 0.2(Tn — Taiz)
FAE FEE -

4.0 51 —45

4.0—1.0  0.2X (42— Taz)

%?%:T.\u‘z =19.5C

B H Y B WA IR R K TR B Tows A2
62

Tz + T o
2

Piyp (COP 1. 1.0) = by Fir (m _
Tews + Tews

) (16)

AT F B -

3.75 % (4.0 — 1.0) = 1.0 x 1.39 x (HZE1%E_

o)

ﬁ@’fﬁ :Tews =5.7 C
PR N BOA AL AR B COP g

0. 5<M+ATWR +273>
OP, = 2 -
i THW] + THVVZ + ZAT\VR . T(‘,WZ + TCWI%
2 2

0.5x (252454 273)
— L — 4.0 an
4o+ol+2><8739.6+0.7

2 2

SR AR .

IRV B B IA] 2100 5 A2 -

MyCx (Tt — Taie) = tiqe Prup (COPyy, — 1.0) (18)

[AWNEV:IE €/

150X 4.2 X (42—19.5) = t1qs X 3. 75 X (4.0 —1.0)

RS :tiqe =1 260 s=21 min

ARV H AR IR] £0g 0

tiq = tiqy + tigs = 10. 7+ 21 = 31.7 min (19

8B B AR AR R R R R e
30 min., & H 5 245 WIS ) 26,29 30 min, B DAAE P —HEE
FC W% Jr 7 9 S B 1) 2 240 O

ty = g T tpyw +tiq T tez = 28.2+ 30+ 31.7+ 30 =
119.9 min (20)

BIA: 7= B R 1 AR A HAZY 2 h
3.2 TiERERE

PR R ORI Ve K FERERE B KA Ve K AR LR T
18 4 A 2R, AT TR ) R RS R P A RE ARG R R
RN B BT Ve P B B R R 45 L e

(1D AR BLREAE «

20

Ey :PHI’tJRl;:3.75X%:1.25 kW « h 21)
(2) EVRHIB BB AL
Ec = Pyptiqe = 3.75 X % =1.31kW -+ h (22)

A 75— HE (150 L) B R Wi S RERE N «

E=Ey+E:=1.25+1.31=2.5 kW-h (23)
3.3 S5EEERFENNESRHE

IR HREZR 2 150 LA TAEJE 38 2 h R4, B
BRAE 4 fE, B4 360 d. WL 3% 0.85 S8/ (kW « h), 3% 3#
LG TR AL A 1 ML 0 o ¥ R B Rl v i S AR L i 22 LD
COPy Ay 3.0, I #2784 [r] s = B B 2% B ML R 5 3 B G 8% T L
MLEA R IR 1.

(F#% 70



1% 5 HLH

2016 % 2 4

|7 AT e E Ry
Figure 7 Measurement points distribution along the

screen width direction
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Figure 8 Measurement points distribution along the
screen length direction
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Table 3 Amplitude of each measurement point mm
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B 2.76 1. 80 3.29
C 2.76 1. 81 3. 30
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E 2.76 1. 86 3.33
iy 2.77 1. 85 3.33
F 2.75 1. 89 3.34
G 2.76 1. 82 3.31
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Table 1 Comparison between heat pump intermittent pasteurization machine and normal pasteurization machine
)%/ W BT/ B R/ BEAE LY/
i L KEERBUL - b S
kW Vi (kW « h) JG
I~3 T EH— YL IMIRE A
3 1 PR A B AL 15~20 300 2.3 13.33 16 316 . " "
WIS R RS
Pt A R R
- g 3.5~14.0 750 2.8 2.56 5133 AR 15 4 2 AT
AL
4 éjn:i/l,: (3] MRAE, 22 7. BRAWAIS UHT F3m2: 5001 3ok

53R FH e I A 1) 35 1 B2 PR RS BRMIL A L PR A ] X 2
PR LRI GG IR 2 1 D SRS BN 174 FE AR
NI 1/5 H AR B K iy R BRIEE S %

HE— 25 RT3 AR R ] B D TR T AL Y O B AR 1 L A
[BIVEHC &% TS BT RERAL - LU AR B4 455 PERE

EESdN
L1 Avn, AR RE. BT A 2 7 BOR Beoxh 3T ], &ed S
LB, 2000(1): 40-41,
(2] #hAdE. o EFLE Tk 2003 4EBUR 4SBT K 2004 4FJEEE[T]. £
S HLE . 2004(2) ;8.
70

Bl SR, 2004(4) : 149-153.

L4 WoBrds, 40b. T IRAR TR FLE 77 0 (8 Bk A sm [T ). O 38 7 41
Ak, 2010(6): 10-13.

5] BAETH. R TFERABYLIL FL R 584K, 2005(3):
97-99.

(6] BRA. Whaker. RAEHARFMIMI JLat. 2% Tl i i
#t. 2012,

[7] Ozyurt O, Comakli O, Yilmaz M, et al. Heat pump use in milk
pasteurization: an energy analysis[ J]. International Journal of
Energy Research, 2004, 28(9) . 833-846.

(8] mitE. MAEMERAWARLEMMILLD]. K. RERHEX
2., 2015.



