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Thermal Conductivity of Dry Milk
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Hokkaido University, Sapporo, Japan)
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Fig. 1. Experiment apparatus.
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Table 1. Composition of crown glass

Composition Weight %
Si0, 72
Na,O 14
CaCO;4
MgQO
AlO4

1 = 0.0015¢4-0.9000

o A=#dEE#R (kcal/m-h°C)

t={RM (°C)
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Table 2. Initial conditions of dry milk
Sample l\é[grllsttel:;i Sggzsf}? Par(t;lcel:nilze Fat content
(%) (gr/cm3) {#) (%)
Non-fat dry milk 4.07 1.324 45 <1
Whole dry milk 3.73 1.168 93 25
High-fat dry milk (A) 1.21 1.004 88 52
High-fat dry milk (B) 0.89 1.030 99 60

* 110°C 3 hr, oven method

Table 3. Regulation conditions and moisture content of dry milk
Dry bulb Wet bulb Relative Moisture
Sample temperature temperature humidity content
4 (°C) (%) (%)
55 28 11 2.36
55 32 20 3.93
Whole dry milk
55 40 37 5.44
55 47 60 7.55
38 21 20 2.32
Non-fat dry milk 38 24 31 3.94
38 32 63 7.46
25 16 37 1.23
High-fat dry milk (A) 25 17 42 2.10
20 13 60 3.80
25 15 34 0.96
High-fat dry milk (B) 25 17 42 3.10
20 11 50 4.20
BERTRRT, fods, LRI AR CREOEBE R ¢ R R R RRE L,

Fedic 0£0.5°C {5 BF 74 B U Ao IR i iR & ek
L TRt Ui, Table 3 itk otk sk: LA
BRI (BB 0T, BB oK FE%ER
fEERY (SR srERT : PL-42) PYCRME L7, 2560,
PBLK S % RE T AT ECH - 18, BIHER
KoE Bk 5% et 5 L AL (Caking)
REER S Ulc 7o, Table 3 wiRdfHic & &bt
ARt FE R 37522 10 mm LI CFEIE T 5 8 78R
B & FEIER CRB O A BN S L, SR & INE
&R BRI TR & R R L,
AEINEE R 3 R BT DI p 3 h s B
ORE, BIVEHTHR OB HEHEEL T 3D~
65°C & Ui, Y ko g fER A ARG 1> Table 4,5

(2) RiZBEROHEEFE
Fig. 3 wlt#gpic X s 8 n EE JEOFE Y =T,
&, WS 7 A L ORMTRIEBNES S OBO®mZ
M &5 &, Wiy T AW SRR B R T 5 B
BRRAMAEELER T ABELE L kD, YT
AR E AR C B T 2 8ER Qo 75 &, Qollk
RTRBBZ EMTE S,
_ AOA;I'DZO (1)
Ay= il 7 5 ARDF B (m?)
ATo= kg7 5 AR D EFEOEEZ (°C)
Jo=HZH 5 AROBYEHEZK (kcal/m-h-°C)
Lo=Hilz 775 A|RDEX (m)

Q

= = g
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Table 4. Experiment conditions
Sample teggzzi;.%re Moisture content Bulk density
¢C) (%) (gr/cm?)
35 2,32 3.94 7.46
45 232 3.94 7.46
Non-fat dry milk 55 232 504 746 0.600
65 3.094 7.46
35 2.36 3.93 5.44
Whole dry milk 1 236 593 o4 0.530
55 2.36 3.93 544 7.55
65 3.93 5.44 7.55
35 2.10 3.80
45 2.10 3.80
High-fat dry milk (A) 0.446
55 1.23 2.10 3.80
65 1.23 210 3.80
35 3.10 4.20
_ . 45 310 420
High-fat dry milk (B) 55 0.96 310 420 0.441
65 0.96 3.10 420
Table 5. Experiment conditions. A
Sample emaraiore | conomt Bulk density
°C (%) (gr/cm?)
Non-fat dry milk 45 3.94 0.601 0.699 0.757
Whole dry milk 3.93 0.499 0550 0.650 0.700
Hight-fat dry milk (A) 1.23 0450 0491 0542
High-fat dry milk (B) 0.96 0450 0550  0.588

heating side 9/05S plate

Lo Ao

T

l Sample

cooling side *

Fig. 3.

Theory of measurement.

7, BORHEUTR A L BT 5 B Q ik

TRDD T EMNTED,
0= AALTZ (2)

A=RRBHCIE O EHIEH (m?)

AT =3RBSRI O IR & 91 & ORI
€C)

A=RORIOREHR (keal/m-h-"C)

L=3FROE S (m)

4, A=A, Q=0 THHOT, KW, @ Xy i
RATRDDZ EDTE D,

47, L
AT '74_0 (3)

R=20
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Table 6 ZHIERERE—IE LR, AkbnadEE O
SEHEZ 45.1°C, WHNRE O HL 125°C T —
DR R Lo BMRER (UTF 2 &BEET %) 1320221~
0.244 (kcal/m+h-°C) OHIFPIIAR L, iyl 0.231
(kcal/m-h-°C) TH 7o 4, FE R A 095 & LFY
fEDEEXE DL, TREZRD S & 0.223 35 X 00 0.237
(keal/m-h-°C) L7ch, Fiffiesd LT £3.2% QIET
BoHTEEHoT, M—EREHT TOERT, HAlEME
DEEHTAEA L LR OPEMEOIEL 0%, TEE
EoXR, BEUNERELEAELONS, SEIDER
TIAT 2 FHRER—OEZR L, BENEMEEN TR
BERTHEEEZLOIS, BENEREZIRIELCHE
MOFESLoE, REFOBRECREATIN, ChHN
Axhicho & LTEENORE—REIORFERIC
-+ IEEBRENET D, HRAENOFEAFERRE
#13.150% F.S. (15~70°C) TH s, &, ZOfEEHE
THHEELTETH LEEH A K05 wxitp R
EOEFERKENL, 0.211~0.250 (kcal/m:h-°C) L7 b,
PR L £84% D& /R LIC, LIkHoT, V—
295 AW AV R L EREBORE
DHRBHBACH D EvMiotee Tolks, FEREE
OB E LS 5 DT SRERE Y <A 7 m 8
A A—FREBUCRED I EREE % 5D 5 LER
BB

Table 6. Thermal conductivity of
glass powder

Heating Cooling Thermal
No. | temperature | temperature | conductivity
(°C) (°C) (kcal/m-h-°C)

1 45.6 123 0.221
2 451 12.6 0.239
3 44.8 12,5 0.227
4 451 124 0.235
5 45,2 123 0.244
6 44.8 12.8 0.239
7 449 12.7 0.227
8 45.0 12.6 0.221
9 45.0 125 0.223
mean 451 125 0.231
s.d 0.2 0.2 0.009

2. HAOREHE

1) BHRER

1) KRE 8 3

Table 7 S FLOEBRER % —#E L TR, R}
BB TR RS ORIEE Th b, REECH T REE
EiziA 1.89°C, E#HT0.78°C Thotz, FHRIEE
EEx 0.6064 (gr/em?) (F2-k 0.6157, £/)~ 0.5938, 1H¥E(R
#£0.0094) TH b, BFH—BREI IR T,

Table 7. Thermal conductivity of
non-fat dry milk

. Heating Thermal
No. | comtent | i | density [copduciivity
(%) C) (gr/cm?) m+h-°C)
1 2.32 36.31 0.5956 0.207
2 46.89 0.6068 0.228
3 55.15 0.6100 0.230
4 3.94 36.31 0.6008 0.215
5 45.61 0.6125 0.250
6 54.22 0.6048 0.270
7 65.26 0.6256 0.277
8 7.46 35.96 0.5938 0.229
9 45,38 0.6157 0.262
10 54,33 0.5983 0.281
11 65.26 0.6070 0.289

Fig. 4 w3pmedREE s 2 & OBRE R K 4 Bl
Fte AEVEHINERE © 1H s X URRK S oRine
Mo THNT B LT, TRITERHS X OBk
FIZE& D 2 HNEEE LR - TN 5 - LR T
BE b, BRSO X5 2 0BIMiKo 24

Keal/m.h.°C

non-fat dry milk

N 0300 4 54 density

3 | 0606 gifem?

S

3

§ 0220

3 moist. cont.

2 L o——0232%

£

S - o—8 394%

b——A 746%

L 1

1
35 45 55 650
heating temperature ¢

Fig. 4. Relation between thermal conductivity
and heating temperature.
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0.5~0.6 (kcal/m-h+°C) &22&i3 L ONRHAD A v bl L
TREWERFRTIERIBSDTHB, —H, HBK
SHBINT B & BRI OB AT RSN L, BfgiEc
BOTRBROKDBBOBBE XN TEZ &b 2 0HM
CHESELTVBEELDbRS,

2 &lEHmE

Table 8 i @G MFLOERREE R —#E L8 L, Fig. 5
wEREHNEE R & 2 OB R RRK S IR, FIEE
BB L e LT 117 % R ER R Lice &
HEREORFROBNC LB D TH D, RkHnEE
B0 LR & RBKS OWEINCEE - C 2 23 5 FEiRNE
BES U7 ile gL a LR ThH 5. ARINERRE B

Table 8. Thermal conductivity of
whole dry milk

Moisture | FRtn& [ pulc | hermal
No. | content perature density (kcal/
(%) C) (gr/cm?) m-h-°C)
2.36 36.08 0.5311 0.245
2 45,85 0.5269 0.263
3 54.33 0.5407 0.236
4 3.93 36.08 0.5300 0.264
5 45.61 0.5362 0.278
6 54.45 0.5323 0.298
7 65.84 0.5245 0.307
8 5.44 36.35 0.5300 0.277
9 45,85 0.5344 0.300
10 54,33 0.5304 0.318
11 64,91 0.5300 0.322
12 7.55 54,22 0.5354 0.341
13 64.68 0.5300 0.348
Keal/m.h.C
Q380 ypope dry milk
%\ | bulk density og—=0
3 0.530gr/em?
5 moist. cont.
3 S %/—oo 2.36%
g o~ 0393%
£ Q220+ A 544%
O0——07.55%
A 1 i 1
35 45 55 65 <

heating temperature

Fig. 5. Relation between thermal conduc-
tivity and heating temperature.

LURBKS & 4 & oBERILEEBBERCH B, R
BmEdi A 65°C Ll kicis % LEE LR35 20
B AT B R R LTV 5,

3) BieHE

Fig. 6, Fig. 7 wi#MRIiH 7L (A) & XU IE M B 2L
(B) Th Zh oRHnadRE & 2 & OB e ile ko il
. SEXTIERELFhE R 0446, 0441 (gr/em?)
Thote. RBOIRHEHERORINCHE - TRAFE L
P DFSIRBE PME T % O R PR ORI 2 TR
FHEORE NIRRT 510 THD EBELLRD, R
FNBGEE 3 X OEURKS & 2 & oL &
ULERALOBE LR TR DY, REmBRE o LA
LB ADMMBERIKBCETT52 ExHot, 4,
SORHNBGRIEN 1°C ER Lk 2 OBInfis i+ 5
EEMEREL (R aAR,; 52~60%) OfEEHI
DIRIF60% YT 52 EhH -1,

Keal/m.h.C . .
0300- high-fat dry milk A

2 bulk density 0446 gfem’

< B
3 T

T R e T

moist. cont.

\E i O————0 /.23%

§ o——@2/0%

= o140 b2 3480%

1

i { L
35 45 55 65 ¢
heating temperature
Fig. 6. Relation between thermal conduc-
tivity and heating temperature.

Keal/m.h.%C high-fat dry milk B
2 0260 pulk density 0.4410g/cm?
s
"§ L
T Y
S o1sof o TOISECONE
E | e——e310%
B a———2 420%
0100 v

I L 1
35 45 55 65,
heating temperature

Fig. 7. Relation between thermal conduc-
tivity and heating temperature.

RRERSCREELFET 5, REBOBERM
LSRRG BITAET 5, Fig. 8 ilkEEm (&
HE) A6 5 mm DR X ¥ CoORBOBEERRERIC
BI KGR EEYTT. WThoREeowTh, B3
RRIHIAR G HE <, ARINBREE V2 EXP R R
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non-fat dry milk whole dry milk

n/ZF s
02.32% AT 0236%
r ®3.94% L ®393% /D
2544 % o

a7.46%
r 2t 0755%
o—0———0 or

L 1 1 i 1 1 1 1
3B 45 55 65 3% 45 55 65
heating temperature t heating temperature

o
T

amount of decreased moisture
N

S¥le | high-tat diy milk A %Mo | high-fat dry-mik B
o b4 4L~

D

§ L ogfj;/ﬂ | 0096%

v [ Ve o

8 ©3/0%

g 2F a380% N A 2+ ad20% A/
L A

h N /

N L

S A'/./"/.

a5

sor " or e °
g 1

B N |
45 55 65
heating temperatyre

1 1 L
35 45 55 65.. 35
heating temperature

Fig. 8. Amount of decreased moisture
during measuring period.

DK T B ERM T, Z0 X 5 BRBIKS MY
£VIEE, BRBROMERRE CRBBICERTS B4
CERR DRI X - CHB 7 7 AT & BURHTI & DB
EHLOEIL, ChR X TANET A0 EEL
bhb, SLCEBWHACSE, &4 T 2 OmE
HEANZIE 60°C TH b, BEc B INEE I s\ TR
B L, —iAA y PRICKHE LTV D REEREE
[

(2) fnE x 18

Fig. 9 iiRHnBdiE % —t 45°C & Licf, FE
L 2 L OBEFREY ARG T, JECEE LRk

Keal/mh. C
03401~

R WﬁWO
0260 oo//

I high-fat milk A non-fat dry milk

0180+ /

high-fat dry milk B

heating lemperature 45C

thermal conductivity

[ 1 | —L 1 1.
0400 0500 0600 0700 Q8OO
bulk density gifem’

Fig. 9. Relation between thermal conduc-
tivity and bulk density.

BEERE QAT R A, BB E
Kork 2% L BT 5 LSRR % 0.500 (gr/cm?)
DB s o SRR - 0T, BIEEH A
(A)13.1.23%, EhMAL (B) 11096% wthXhKsy
P LI, BTl & 2B oKS L3947 s XU
3.93% Wik Ui, Ao/, RFRE Kok -
T ADMHITRL 225, WThoik & bFIEFEE ORI
b LR RBEERC 2 83T A 2 LR Mo Th
EFIEFBEE OB » TRER TR oZRES R L
TARWINT 22 & &, FEBREOHINC X 2R FHE
DEMERA T 2 2 LcEATE 0 TH B,
SE OEBFHERD SRR P FTIHFE & 1 & 0BRE
FRATERbLTEUTOIE LD,
@ WA B 1 =0.1680-6620 (0.610< D<0,757)
® 4 ¥ I 2=0.215¢0-517D (0.480<D<0,700)
OEEIMA®): 2= 0074¢252  (0.450= D=0.546)
@EIERESFLB) : 4 = 0.065¢1-88D  (0.450< D<0,598)
o A= #EER (kcal/m-h-°C)
D = FIEEE (gr/cm?)
FEAODERROBE PR LR, Tl
REDORKX R XL OFEHERLTCRT ERDTHD,
@ BB F: omax =851% F.S.
Gmean = 4.93% F.S.
@ £ E¥ F: Omax = 1361FFS.
dmean = 6.27% F.S.
OEEIFA): Omax = 4.66% F.S.
Smean = 1.94% F.S.
EIEFLB): dmax = 362% F.S.
Omean = 1.89% F.S.
IR Omax=I K
dmean=FRE

E #5

HAEATIOHAOBHITERTEL Z RS Z LR OM
RO Lo bic MR 2 & Th B BRI oW (E,
T LB A R D B BENR D D, APILE ~
oF. WisHT, ekl BEWRRA A B) 2V
T, BZEEETR RV TREEERERE Ui, Rhdkd
ix, REbKS % 0.96~7.56% i, FAEHINBREE A 35~
65°C & U, FeUEJTEk LA 75 i & IEFS RS A iR L
1o

BEERPERNTL EUTOZ Lk s,

1 2 ToRAOBEERIIFHNERED LR &,
RIS ORIMTHE - THINT %,
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2. EIREIAOBE HR TR INEGREE S 55°C @
BB AERRL, SORFEIMBRES AT L8
CERMET T2 &5 M1, ZOBEBIHIH IR
BOREIRL L EehD EBLBLNRD,

3. BRIEMIALOBEEIRI R INEERE 35~65°C, 3
FhAK 4> 2.32~7.46% OHEiFEP T 0.207~0.289 (kcal/m-h-
°C) B fEx R LI,

4. LMsmILOBEERIFBINEEE 35~65°C, ik
$lk 53 2.36~7.55% DFIFF T 0.245~0.348 (kcal/m-h-
°C) I BERR L,

5. EIERRYEL O BEER IR IR B 35~65°C,
ok 4 0.96~4.20% OEHPIT, 0.220~0.260 (kcal/
m+h°C) 7 BfE%E R LI

6. FIREE QWML - CTAEER R L, TR
s L EMEER L OBRAERK ORT LU TO I &L
Wit B,

1 B ofg B

2y & B A

2 = 0.168£0.6620 (0.610< D < 0.757)
4 = 0.215¢9-5170 (0,480 < D £ 0.700)
3) EESHHNILA): 1 = 0.074¢2.03D (0.450< D<0.546)
4) EIEEEELE) : 1= 0.065¢1-82 (0.450=<])=<0.598)
A=#YEER (kcal/m-h-°C)

D=FJA#RE (gr/cmd)

o

T

£l ®

EROFEHCEE L, MAMlHmR el RFEL
FHEEAENEL, AERBBABIEL, 50
PERFPRFOEREL, BB MIE I, BH)
FLEER SRR LEE By ET 5,

51 A X B
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Determination of heat

Summary

It is necessary to establish the rational cooling
method because of its effect on quality of a dry
milk. It is desirabled to obtain the physical pro-
perties. The purpose of this study was to deter-
mine the thermal conductivity of the various type
of the dry milk (non-fat dry milk, whole dry milk,
high-fat dry milk) under the various conditions.
The experimental data were obtained under the
conditions: the moisture content of dry milk from
0.96 to 7.556% and heating temperature from 35 to
65°C. The adjustment of the bulk density was the
loose density and the tight density.

The loose density was defined as the condition
when the sample was placed in a apparatus natu-
rally. The tight density, on the other hand, was
defined as the condition when the sample was placed
heavily pressured.

The following results were obtained :

1. All of the dry milk showed increased the
thermal conductivity as the heating temperature
and the moisture content increased.

2. The thermal conductivity of the high-fat dry
milk attained to the maximum when the heating
temperature goes to 55°C, and beyond 55°C, the
thermal conductivity decreased because of liquefied
the fat.

3. The thermal conductivity of the non-fat dry
milk was from 0.207 to 0.289(kcal/m+h-°C) for the
heating temperture 35°C-65°C and the moisture
content 2.32 to 7.46%.

4. The thermal conductivity of the whole dry
milk was from 0.245 to 0.348 (kcal/m-+h-°C) for the
heating temperature 35-65°C and the moisture
content 2.36-7.55%.

5. The thermal conductivity of the high-fat dry
milk was from 0.220 to 0.260 {(kcal/m+h-°C) for the
heating temperature 35-65°C and the moisture con-
tent 0.96-4.20%.
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6. All of the dry milk showed increased the 2 = 021505170 (0.480=< D =0.700)
thermal conductivity as the bulk density increased. 3) high-fat dry milk (A)
The thermal conductivity and the bulk density 2 = 0.074¢293D (0.450< )<0.546)
were expressed by the following experimental 4) high-fat dry milk (B)
equations : 7 = 0.065¢1.80  (0.450< D<0.598)
1) non-fat dry milk where 2=thermal conductivity (kcal/m-h+°C)
= 0.168¢0-620 (0,610< D=<0.757) D=bluk density (gr/cm?)

2) whole dry milk



