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REFRIGERATION, FREEZING AND THAWING

THE XXth EUROPEAN MEETING OP MEAT RESEARCH INSTITUTES 
THE ALL-UNION RESEARCH INSTITUTE OF MEAT INDUSTRY USSR 

A HEATMETRIC STUDY INTO MEAT REFRIGERATION AND SHRINKAGE 
V.G.FYODOROV, L.D.ANDREYEVA, D.N.ILYINSKY

SUMMARY

A  procedure was devised and tested for measuring the 
components of heat flow and evaporated water flow during meat 
products refrigeration. As transducers, miniature heatmeters and 
heatmassmeters were used.

Data are presented on refrigeration dynamics and meat 
shrinkage at variable paramétrés of the cooling air.

R E S U M E

Il est étudié et élaboré la méthode du mesurage c 
sants du flux thermique et celui d'humidité en train d* 8 
porer au cours du traitement frigorifique des produits 
On a utilisé comme indicateurs des fluxmétrea thermiq“*8 ',, 
des appareils à mesurer la masse et le flux thermique * 
ature.

On a amené les données concernant la dynamique du 
dissement et de la dessication de la viande aux paramétré 
de l'air de refroidissement.
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DER XX. EUROPÄISCHE KONGRESS DER FLEISCHFORSCHUNGSINSTITUTE 
ALLUNIONS—FORSCHUNGSINSTITUT DER FLEISCHWIRTSCHAFT DER UdSSR

WIRMEMETRISCHE UNTERSUCHUNG DER FLEISCHABKUHLUNG UND 
-AUSTROCKNUNG

W.G.FEDOROW, L.D.ANDREJEWA, D.N.ILJINSKIJ 

Z U S A M M E N F A S S U N G

Es wurde eta Methode zur Messung von WärmefluBkomponenten und 
des Stroms der ausdampfenden Feuchtigkeit bei der Kältebehandlung 
von Fleischwaren ausgearbeitet und untersuoht. Als MeBgeber wurden 
ganz Kleine Wärmemesser und Wärmemassenmesser ausgenutzt.

Die Angaben über die Dynamik der AbkQhlung und Auatrooknung 
von Flelsoh bei veränderlichen Parametern der A M A l l u f t  werden 
angefShrt.

XX EBPOnEÜCKHll KOHTPECC PAEOTHHKOB HHH MflCHOÜ nPOMbtölJ®1*1
BCEC0B3HHÈÎ HAyHHO-BCCJlEJOBATEJIBCKHiii ÎIHCTBTÏT

MHCHOIJ nPOMHIMEHHOCTH CCCP ^
TEMOIŒTPIHECKOE HCCffiflOBAHKE 0XJIA1MEHAR H ycyUlKH ^  

B.r.tEJOPOB, JM.AH2PEEBA, fl.H.UJIfcBHCKHU

A H H O T  A II II S

Pa3paÖoiaH m HoojiejDBSH onoooö *3uepeHMH KounoHeHi08 
ro noTOKa tu noTona HcnapHDmeilcH Bjar« npa xojioahjibhoIt o®* <fl 
UHOonpojyKTOB. B KaqeoTBe saTNHKOB ucnojiBaoBaau MHHHai»P11“
Mepa h  TenhOM aocouepa. ¡¡;) ,*i

üpijBeaeHu ashhub no izH aum œ  oxJiaxaeHHa h ycymK« uHcS 

peueHHax n a p au e ip a x  oxjiaxiatom ero B 0 3 jy x a . \
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,cJ«Ka
,e«8H « 
koj mi.

“HoonpojyKTOï npa xoaoaanbKog oöpaflorae, xpaaeHHH, 
Pa3uopaxnBaHnn npaB oaar k yxyjneHHD KanecrBa a yyeHb-

î(#lII'eii,Dt,'le0Tïa “h08- Kpoye Toro, ohb BnanBaet jonoaHHTeabHne

u¡l-

«Uine
°KHe 3aTpam Ha npoBeaeaae rexHonoranecKoro npoijecca"Ho-

,c,^ " o ü ! ! IHOOTeit OXJiaSflaDIUHX npHÓOpOB O? MHeH. HHTeHCHBHOCTi 
3Pubho CBH3aua c mbtshcubhoctbo TenjiooöueHa nposynia c’%]

PtUj 3flyxou, 3iy  CBH3B MOMHO Bhipa3HTL aOCTaTOHHO

m ‘ U - P  . (I)

MreHCHBHOCTb ycymKH, Kr.y-2c-1;
“aooooöiieHHaH oooiaBranmaH TenaoBoro norona, B r *y - 2 ; 
lenjioTa $a30Boro nepexoaa, Æm .k t - * .

“eroan uooaeaoBaHHH KHreHcaBHOcra Tennooöyeaa xs tynee
"PH

. i °ajiiiI0CPaÖOTKe M o o n P°ayKtOB yexay coöoii He c BHsaHM h no3BO- 
B «H$op“ amüO, yopeaHeHHyo aaa Bceg noBepxHocTX

1« Hau, îp e “ eHx n p o n ecca .
j J’iSor0 Pa3paÖ0TaH h BHeapea “eroa H3“epeHna Bcex cocTaBaHBmax 
**’«:BHüjj “aTePaanbHoro ÖaaaHcos nponecca oöpaÖOTKH “aca ( koh-

"acc 11 “accooOweHHHü komiioh6htm TenaoBoro noTOKa,
I I / '  M°napaio«Baoa B n a ra ) , aoKaabHo no noBepxHociH a bo a p e -

"‘‘OllepQj *l0Ä 001*OBaH Ha HCn0JIb30BaHHH HeCnOBbKHX “ HHHaTBpHMX 
'**• 2, 3 ), HMenmax pa3Hyio creneHB nepHorn h paaaanHyi)

i* W "  npoiillIiaeuocTi'-
« J ^ io sa ^ 81511 nPe ÄOTaBBHK)T coöoa naaoiHHKy (pao. I ) ,  b Koropyn

V

Pho

ju- , ------- •/ W-* “•'‘»N“
ooJiMoe nacno (ao 2000 myK Ha I cm2) aa^epeHnaaab-

'"Jc-j ̂ Jau0HioB-I, cnaa KOTopux pacnonaraioTCH noonepejHO Ha 
t( "Pojua , naaoTKHK11> e npoMexyma yexay hbhh 3anonHeHn anoKcaa-!P. /2/. Heoöxoaayan CTeneHB nepHorn noBepxnocTa Tenno-

fl°CTHraeTCH cooTBeTcTByionHM nepHeHxey ana HaKnegKog ot-
Tepiianecicoe oonpoTHBaeHae ( rt ) - oieneHbn noj- 

:'Jil,P8bUoceTajlJIl,MecKHX *eP*03«e>*eH!0B. HeodxoaHuan aH$$y3H0HHaa 
S  (onOOOÖHOOTB nponyoKaTB unary) oo3aaeioa npa nonoma

paaBr, 3Hlix °TïepoTaa-5 b HanpaBneHxx ootokob Tenaa h yacen.
». °°*i i . T  \ „„„„„H o „ * _________ _______

S ?  npox«
Teimepaiyp ( a T  ) rpaKeg-2 n 3 lenaonepa, BoaHana-

"Hob lïweHI,I! 116Pe3 Her° lenaoBoro norona ( ̂  ), npHBoaar 
ea“» aaeitTpoaEHxynea cann, nponopuaOHaniHog aaoay Tep-

yoaaeueiTOB I :

R (2)

ToKOOienHue npoBojHHKH-6 m  asnepeHHa 3iog oaau noaBoaHica 
k noieHUHoneTpaaeoKOä oxene.

TenaoBO» öaaaac aan lenaonepa IS I ,  pacnoaoienaoro Ha noaepx- 
hooth npoayKTa m pearapytmero hs Bce cocraBaaBauie renaoBoro noro­
na nomo npeacTaBHTB caeayBBe» $opnyaoi:

4 « .  CT'-%)*£,*CI?-V)*
+m (3)

rae Ct
T;T,;T.

K03$$nnneHT renaooTaann KOHBeKi;neH, Bt .mK03WWHH“on* ---- ' '
renneparypu HapyxHog noBepxHOOTH rennonepä, B03ayxa
h noBepxHOOTH oxaaiaaioBHx npH6opoB,^°K | 

gT" -  nocTOHHHa* CreiaHa-EoaBijuaHa, Br*“ K j 
Cj -"oyxaa" cocTaBannuan TenaoBoro noroKa ) .

Hemeproe h naroe caaraeuoe öaaaHoa (3) yinruBacr BaaayHoe 
BaHHHHe noroKOB renaa h naara, npoxoaHWx ne pe s noBepxHociB Ten- 
aoyepa. iHTepaiypHne aaHHne no aroyy noBoay npornsopehhbh, Öoan- 
mhctbo accaeaoBaTeae» cxoaHton Ha tom, nro npn naoTHOorax noro- 
kob 3HeprHH h yacon, npoxoaHmiix nopea noBepxHOcrB MHConpoayKroB,
B ycaoBHHX Tenaosog «aa xoaoaHXiBO» oöpaöoro a r a  BanaHHey hoxho 
npeHeÖpenB.Tenaoyepn IS 2 h IS3 He nponyoKaior noroKa Baam, aan hkx oreyr- 
ciByer Tarae Tperne caaraeyoe öaaaHca (3), CTeneHB nepHoru renao- 
yepa * 3 B03B“ey bo3“Oxho ueHiuieg (npaKranecKH cj = 0,1-0,25). 
Pa3Mepu 3Tmx TenaoyepoB HeneaHKH (naonaai naiaoro pasna 1-2 cŷ ), 
noaroyy uoxho cnaraTB, nro BosyoiHue oTannnH b CBOMcrBax norpaHan- 
Horo enoa Ha sthx ynaemax BnpaBHaBanrcH aa cmbt nonepenHoro hoto- 
na yaccn, caeaoBareaBHO

noaaran aan npoeroru peayanrara, nro T^T^Tj, a Tarace npa- 
hhb nro aarnaKH pa3MeneHn b 30He paBHOMepHux renaoBux a yacooBux 
noroKOB, noaynay npocme BupaieHan aas hckomux KOMnoHeHros TenaoBo- 
ro narorä: aynaeroro ( ̂  ), KOHEenraBHoro ( ̂  ) h yaccooöyeHHO-

I
( u ) :

(<0

rae
t - creneaB nepHoru noBepxHOcra nnconpoayKra.
B aegoTBaTeaBHOcra npa xoaoaaaiHog oÖpaCorKe Tj > Tg > Tr, 

aro BHTexaer aa BHuenpaBeaeHHOä jiopyyan (I), ecaa noaiaoBarbCH 
renaoyepaya c oaanaKoanna Ä . ^er aroro HepaseHcrBa npasoaar 
k (5oaee caoxHOä cacrene ypaBHeHitíl:

% ‘ t f c £ Ü + i,* R ( £ - £ t ) V ]

%  a . a . Í (5)

nonpaBKH k nepBoyy a rp e rb e n y  ypBBHeHH» cacT enu (5 )  H onorpa- 
íaooBaHn ana aarepB aaa napayerpoB , oxbarnB aouero  n p an ran ecn ae  e n y - 
naa rexH oaoranecK ax npopeccoB , noaroyy ycao iaenaH  p a c n e ro s  npa ee 
noabaoBaHaa ne n p o acx o aa r. Kpoye roro a r a  nonpaBKH ofinnao ne n p e -  
su a a bt 2- n í .  caeaoBaTeabHO, moiho noabaoBaTBCH o acrey o g  (H ) .

Bce rp a  ren ao y ep a  h om o  fiparb oaaHaKOBuya (c OTíepcTanua) a 
aaKaaanBaTb noa tohkh» noBepxHOCTHUg cao» y a c a . ynacTOK noBepxHO- 
c r a  yuca a p o ta s  renaoyepa  K 2 npa aroy aanneaB anr tohkoB n o a a a ra -  
neHOBOí naeHKO«, nporaB  ren ao y ep a  fe 3 -  { o n b ro ü . noaaaraaeHOBaH 
naeHKa npoapanHa m  aKryaabHux aaah  B oai aynacTOg a a e p ra a ,  n o a ro -  
My ee Haaanae He H3yeHner c ieneH a nepHorn noBepxHocTa npoayKra, h 
seaanHHM a ,  , “ oiho  paccnaruB arb  no $opyyaay (n )
M a (5 ), n o a aran  b hhx, n to  , a R  -  oyyyapHoe conporaB-
aenae  Tenaoyep8 a oaoa unca Has hhh.

C noyoBBD saHHoro y e ro ja  Haya accaeaoBSHa KHHeraKa KoynoHeH- 
r o s  noroBOK te n a a  a KO*®4anaeHTOB re n a o o ra a n a  npa xoaoaaabHog a 
TenaoBOg oSpafiorsax MHConposyKTOB, npa nocTOHHHnx n a p ay e rp ax  ox - 
a a iaao m ero  B03jyxa /3 ,  n, 5 / .  Ha ocHOBaHaa a ra x  accaesoB aH aí n p e s -  
aoxea a o(3oohob8H Hosua noTonHug yeTOj oxaaijeHHH aaa  a a y o p a a a sa -  
hhh yncHnx noayT ya, KOTOpng xapaK T epa3yerca naaBHua CHaieHaay cko-  
p o c ra  I0 3 jy x a  b npoijecce oOpaSoTKH / 6 / .



212

REFRIGERATION, FREEZING AND THAWING

Idccje joBaHae nponecca oxjaxjeHM i  ycyaxi nuca np* nepeaea-
hmx OKopocTM a TeanepaType Boajyxa npoiojajocb b jaflopaTopHbix m 
np0£3B0 JCT£6HHbiX yCJIOBHHX.

Bce tph KoanoHeHTa Tenjosoro noiOKa h Cf,m  aae-
ot ojat.axoBxa nopajox npa oxjaxjeHaa naca aa cneT cboOojhoa xoh-  
Bexnaa a jyHeacnycxaHHH. Ha pao. 2 npejcTasneHa jaHaaaxa H3aeHe- 
hhh aiax  xoanoHeHTOB, a iaxxe noToxa iiaoou a leanepaiyp npa ojho-  
ciopoHHea oxjaxjeHaa oflpa3na roBHiiero naca Toajahoti 8 cu i  ycao- 
bxhx «ByxoTyneHaaToro H3aeHehHH TeanepaiypH B03jyxa. Ü3 pao. 2 
BaaHO, hto TenjooTBoj a ycyaxa npa noBHineHan Teanepaiypu B03jyxa 
ot -14 jo  0,5°C yaeHtaiaiotch b  5-10 pa3 , a noHaienae leanepaiypH 
b ueHipe ofipa3na npoaoxojai b jaJiHetfmea 3a cneT nepepacnpejeje- 
hbh ero SHTajbnaa. MaxcaaajbHoe pacxoxjeHae b ycyaxe oflpa3jOB 3a 
Bpeiia nojHoro oxaaijeHaa, onpejejeKHoa HHTerpapoBaHaea xpanoH 

m  - - f  (t ) a BeooBHB cnocoOoa, He npeBUiiiaer 6,5%, mto hoxho 
oaaTaTí yjOBjeTBopHTejbHxa, iaK Kan obh33ho o joño jam e  jbHHaa no- 
rpeaHOCTHMa b onpejejeHaa n jo ja ja  aonapeHaa oflpa3ja  a npa am erpa- 
poBaHaa.

B npoa3BojoTBeaHHx ycjoBHHx, eoja He npaHaaaTb cnejaajbHHx 
aep, jyaaoTaa cocTaBJHBaaH TenjOBoro noToxa nana. Htoín He Tpaiaib 
BpeiiH Ha OTucxaHae yqaoTXOB Ha noBepxHocTH Tyiiia, aueuuax paBHoaep- 
Hue TennoBue noToxa, BuecTo Tpex Tenjoaepos, acnojb3yioT xoaflaHapo- 
BaHHtia Tenjoaaocouep / 7 / ,  ynpoinaoaafl aeiojaxy B3uepeHaa. Oh cocto-  
a i "3 Heoxojixax cexjaB (pao. 3 ). Cexnaa-I a 2 cojepxaT ojaHaxoBoe 
xomaeoTBo (flojee 1000 a i . )  ja$4>epeHUBajLHnx TepaosjeaeHTOB-3. Koa- 
MyTauaa oexnaa nosBOjjieT nojynaTb Ha BTOpHHnoa npaflope oarHaj xax- 
joá H3 Hax jaflo pa3H0CTHua oarHaj. CexnHH -I nep^opapoBaHa cxbo3hn-  
HH OTBepcTHHMH-4 jaaaeipoy 0,5 na, o njOTHOCTb» oxojo 50 hit/ ch2 . 
Cexjaa 3a$opaoBaHu s ofluee oxpaHHoe xojbjo-5 jaaueTpou 25 a bhco-  
toU 1,8  aa.

Bo3boxhoctl a3aepHTB o noaojBB jByxoexjaoHHHx Tenjoaaoooaepoa 
TennoBue noroxa ( £̂ m a <£. ) a paccnaTUBaib noTox Bjara ( m  ) o 
noaojBB npocTux oooiBomenaa, BUTexaamax H3 $opayj ( I )  a (4)

-y J
Pao. 5 . Koa$$ai;HeHTu Tenjooijana o í roBHXiea nonyiyiia np* ow 

naToa a3aeHedaa oxopooia

npoBepajaob Ha oneuaajBHoa rpajyapoBoaHoa cieHje /7/. 3tot cieHj 
aaeeT ycTpoacTBa, n03B0JHBjae 3ajaBaTB a aaaepHTL noToxa aaoou a 
nonyTHue aa (oxaaxjeHae, 3aaopaxHBaHae) jaflo BCTpeHHue (oTenjeHae, 
pa3HopaiHB3HHe) noToxa Tenja. Pe3yjBiain rpajyapoBOx, npejoiaBjea- 
HHe b oaoTeae xoopjaHaT m  -  ( -  <f,z  ; ( ja»i npHayB i m h h b o
OTKJOHeHaeu o h h t h h x ionex oí Hee He flojee 1,5% Bepxaero npejeja 
aHTepBaja rpajyapoixa, oxBaTUBaBjero npaxTHHecxae aHaneHafl napa- 
aeTpoB, h t o nojiBepajaeT b o3Ho*h oc tb acnojB30BaHaH npaBejeHHux- 
cooiHoneHaü (6 ) o jooTaioiKO b hc ok oH i o i h o o t b b.

Tenjoaacooaepu 3axpenjHBToa jaflo Ha noBepxHooTa anca, jaflo 
noj TOHxaa ojoea coejHHHTejBHoa njeHxa, yoynxofl xoTopoí aoxHo npe- 
Heflpeqb. Ha pao. 4 npejcTaBjeHa jaHaaaxa oyaaapHux lenjOBux noro- 
xob q,c t  , nojyqeHHaa o noaoiaiB Tpex TenjoaaoooaepoB,
pa3HeneHHHx b pa3ja<iHux Toaxax fiejpeHHoa aaoTa roBHXBea nojyryma, 
npa CTyneHqaioa H3aeHeHaa oxopooTa a nooTOHHHOí TeanepaType B03jy- 
xa . OxopooTa B03jyxa b aiax Toaxax pa3Hue, noaioay lenjOBae no io- 
xa yaeHBuaBTcn B pa3Hoa Teane a Tea flucTpee, qea BHine cxopocTB 
Boajyxa (oxopooTi npa BXJoqeHHoa BBHTajHTope oooiaBJHja, a /o : I  -  
3 |5 ; ¿ -  2 ,5 ; 3 -  1 ,5 ) . Hooje BHKJBneHañ BeHTajHTopa Tean yaeHBme- 
hhh TenjOBxx noroxoB c ia j  ojaHaxoBua. lipa ciyneHMaToa asaeHeHaa 
cxopociH, xax a npa nooTomHoH oxopooia B03jyxa / 5 / ,  b noiyjorapa$- 
aaaeoxax xoopjaHaTax nojyqaea oipe3xa npiiaux jbhhü, hto jaeT B03-  
aoxHOCTi oflofluan xaHeTaxy TenJOBioc noTOxoB npa oxjaxjeHaa anca b 
Baje npocTux axonoHeHnaaJiHiix 3aBaoaaooTeH.

B onarax a3aepnja Taxxe nepenaja TeanepaTyp a e x jy  nOBepxHoctbb 
HHoa a B03jyxoa, hto no3BOjano paooHaiaTB Koa4$auaeHT cyaaapHo« a 
"oyxoa" T e n jo o ija n a . Ha pao. 5 npasejeHH pe3yi;M8Tu paoneia jjh  
Tenjoaaoooaepa, jaHaaaxa noxa3aHaí xoioporo H30CpaxeHa jaHaea I 
Ha pac. 4 . CyaaapHan TenjooTjana BBanaje npeBumaei "oyxyB" Ha 30%
3a oneT o iB o ja  T en ja  o aonapHBjeaoH B ja ro a , x xoany n p o jeo o a  stb 
pa3Haua yaeHiaaeTOH b obhsx o 0flpa30BaHaea noBepxHOOTHOí xoponxa. 
tipa BuxjBHeHaa BeHTajHTopa xoaM'HUHeHTu l e n j o o i j a n a  pesxo  n a ja o i  

a cooTBeTCTByoT BejHHHHaa, nojyqeHHHa npa c b o Oo jh o h  xoHBexnaa Boa- 
jyxa B np0H3B0JCTBeHHHX ycJOBBHX / 4 / .

IIpoBejeHHaa paflora noaB O jaja  ao o je jo B a T i n po jeoo  o x ja x je H aa  
aaccmpojyxTOB o u e j í e  onT aaa3auaa no x p a ie p a o , b xoropuH bxojht 
aaxaaajBH ue 3H3HeHan ycymxa, sp ea e n a  o x ja x je aa H  a  aH epreT aqecxax 
3 a ip a T .




