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BcecoK>3Hbiñ HayHHO-accnenoBaTGnbCKHñ HHCTHTyT 
MSCHOñ npoMbimneHHOCTH. CCCP

O PE3y/IbTATAX SKCnEPHMEHTAJlbHOrO 
OnPEflE/IEHHfl TEPMHHECKHX nAPAMETPOB 

BECCTPyKTYPHbIX KO/IBAC

B.M .rop6aTOB, n.C. fHoeBofi, B.H.MacK>KOB

A H H O T A U H H

npoeteTHpoBaHHe h ocymecxBiiemie ycTaHOBOK ana xepMH- 
'»ecKog o6pa6oTKH Kon6ac, HanpHMep KaMep ana o6>KapKH, 
BapKH h oxnatKaeHHa, TPe6ytoT SHaHHa xaxnx BenHHHH, k b k  

TenjioeMKOCTb Kon6acbi, Koa^HUHeHT TennonpoBOflHOCTH a 
K034)(})HUHeHT xeMnepaxyponpoBOAHOCXH.

OxcyxcxBHe 9THX ashhux He nosBonaex onpeaejntxb ko-  
3HHUHeHT xennonepeaaaH ot rpetoraeñ epeau k xepMHne -  
ckh o6pa6aTbiBaeMOMy xeny, He nosBOJiaex pacctuTarb ko-  
«MHecTBö reuna, HeoöxoAHMoro Ana xepMHHecKofi o6pa6ox 

KonGac, h cocTaBHTb xennoBOß 6anaHC. K ccmaneHHto.ao 
dix nop b nnxepaxype He ytcasbiBatoxca AoexaxoHHO nonHbie 

11 HanetKHbie napaMeTpu.
B CBH3H c 3THM BHHHMIl b 1963  r. n p H C x y n a n  k skc-  

B epH M eH TaabH O M y o n p en e n e H H to  aaH H b ix  n a p a M e T p o B , Hcnonb- 
ay a  ana a x o ß  i t e r a  K a n o p H M ex p H H ecK H fi M e x o a .

yHHTbiBaa, aro hPh npoueccax xennooÖMeHa xonSacbi b 
MeTannHHecKHX repMexHHHUX tcanopHMexpax npoueccbi Mac 
c°o6MeHa HCKHtoHatoTca, m u  6binfa BbiHyxcfleHW onpeaenaxb 
TepMHHecKHe napaMexpbi Konßacbi, cooxBexcxBytomHe npo- 
«eccaM oxnatKAeHHH roxoBOß npoayKHHH, no Bbixone ee h3
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DjsPR0P0S DES RESULTATS DE LA DETERMINATION EXPERIMENTALE 
PARAMETRES THERMIQUES POUR LES SAUCISSONS DE STRUCTURE 
FINE (AVEC LA VIANDE HOMOGENE FINEMENT HACHEE)

V.M.Gorbatov, P.S.Gnoévoy, V.N.Massukov

S O M M A I R E

pro;iet et la réalisation des installation pour le 
à ̂  thermique des saucissons (p.ex. chambres de fumage 
nat6s 6’ de ouisson et de refroidissement) exigent la con- 
saucj31106 dC telles TaIeurs comme la capacité thermique de 
duot1SSOÛ’ le corfficient de conductibilité et celui de con- 

°n de température.
, ^ seno* de ces données ne permet pas la détèrmination 

de transmission de la chaleur- du millieu de
pas

... “usence
°06Fficient

—  — -------------— —

bou le r6 &U 00rps tralté P®1 ia chaleur, elle ne permet pas 
meût . . F la  quantité de la  ohaleur nécessaire pour le traite- 
ÎUe. p ermlî ue des saucissons et composer l'équilibre therml- 
4es par"" nalheur dans la  littérature i l  n'j-a pas Jusqu'ici 

très complets sur lesquels on peut compter.
En

tlflaue rapp°rt aTeo tout cela 1 'Institut de Recherches Scien- 
détermil SUT l6S VlaadeB de i'^.R .S.S. en 1963 commença la  
la nétv, atlon exPérimentale des paramètres donnés en utilisant 

^  °d calorimétrique.

4«a SaumPte t6nU qUe dans 168 Pro°édés d'échange de chaleur 
^ “oéd,«011380115 6n oalo:riœètres hermétiques métalliques les 
K er dS d'échange de masse sont éliminés nous devons déter- 

I POûdanteS ParaŒètres thermiques pour les sauoissons, corres- I 8(>rti a &UX pro°édés de refroidissement du produit fin i à la  
"^ Iq u 68 °hainl>:res à caisson. Outre cela la  méthode oalori- 
^^liser 3e ddtérmlnation des Paramètres donnés ne permet pas 
K g  avr des saucissons avec lard additionné. Voilà pourquoi 
K f f l  0ûS tout d' al)ord détérminé la  capacité thermique, les 

cients de conductibilité et de oonduction de tempéra-
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leur r®'ture dans les saucissons de structure fine pendant 
froidissement à la sortie de la chambre h cuisson. ^

A 1’avenir nous nous proposons déterminer des paramè 
thermiques pour les procédés de cuisson des saucissons.

En étudiant les procédés de refroidissement du P 
fin i nous avons dû choisir la  température d examen  ̂ pgï
valle de W ° à 70°C, car la  limite inférieur» était 
les possibilités techniques de notre installation ° -
taie, On a déterminé la  limite supérieure par a oUi«l
dans le milieu de sauoisson à sa sortie de la  oham re

Les tableaux des résultats ont donné pour la  
tien de capacité thermique, ainsi que des coeffioien s fJJ1» 
duction de température pour les saucissons de sbru°*
(dits doctorskaia et stolovaia) et les courbes de 1 V *  

des températures sur oes paramètres.  ̂ ^

Comme la limite inférieure était de 1-ordre 40° 1* ° ^  

de fusion du saindoux n'influençait sensiblement la p

thermique (on sait qu'à température donnée la fusion ^  

saindoux déjà finit). On peut négliger l'influence 
de la graisse de boeuf qui se trouve dans le sauciss 
petite quantité.

Voilà pourquoi nous avons exprimé le rapport àe i1 

thermique et coefficient de conductibilité des 
structure fine à température comme la dépendance ü  -uure iiüc » i

Nous avons accepté a=oonst., paroe que la déPe b %  

coefficient de conduction de température et de la r
_______»t  fttOlOV&l**1

sign io00

ooexiieienx ae cüüuuyt^ ^  ^-----
elle-même pour les saucissons doctorskaia et stolova ¡ f i  

l’intervalle de température 40°-70°) est peu sign 
selon nos expérimente.

\
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THE ALL-UNION RESEARCH INSTITUTE OF MEAT INDUSTRY 
U S S R

°N THE RESULTS OF THE EXPERIMENTAL DETERMINATION OF THERMAL 
PARAMETERS OF SAUSAGES WITHOUT BACK-FAT ADDED

Gorbatov Y.M., Gnoevoy ?-.S., 
iVasyukov V.N.

S U M M A R Y

The designing and realization of units for sausage ther- 
Bal treatment, e.g. chambers for hot smoking, cooking and 
billing, require the knowledge of such factors as sausage 
heat capacity, the coefficients of thermal and temperature 
conductivity.

The absence of such data prevents from determining the 
Efficient of heat transfer from the heating medium to pro­
m t s  to be thermally treated, from calculating the amount of 
k®at required for sausage thermal treatment and from deter­
g i n g  heat balance. Unfortunately, in literature there are 
110 available data yet, sufficiently complete and reliable, on 
^ e8e parameters.

In view of this, in 1963 VNIIM? started experimental de­
amination of the mentioned parameters by means of the ca- 
^imetrlcal method.

Taking into account that at sausage heat exchange pro- 
c®S8es in metal hermetically sealable calorimeters mass ex- 
°^ange is eliminated, we had to determine sausage thermal 
S^ameters, corresponding to the chilling processes of fi­
nished product, when the latter left cooking chambers. 3e- 
81*®s, calorimetrical determination of the given parameters 
4oes not allow using sausages with back-fat added, i.e. 
k^ving a certain structure, therefore, we first found heat 
opacity, the coefficients of thermal and temperature con- 
u°tivity of so-called "structureless" sausages, i.e. without 
ack-fat added, during their chilling on leaving cooking
caambers.



forFurther we intend, to determine thermal paramétrés 
cooking sausage as well.

While studying the chilling processes of finished pro­
ducts, we had to choose the experimental temperature rang® 
from 40 to 70° as the lower limit was conditioned by techni­
cal potentialities of our experimental unit and the uppeï 
limit - by the temperature in the sausage centre on leaving 
the cooking chamber.

Summary tables, indicating the results of heat capacity 
and the coefficients of thermal and temperature conductivity 
determination for the "Stoloveya* and "Doctorskaya" sausages» 
and graphs of the relations of these parameters average 
values to temperature are presented.

As the temperature lower limit in our experiments was ot  

the order of 40°, the latent heat of pork fat melting did not 
exert marked effect on heat capacity (at the temperature in­
dicated, as is known, pork fat melting comes to an end). 
effect of beef fat melting may here be negleoted due to it8 
insignificant content in sausage minced meat.

Due to the above-said, we considered it possible t0 
express the ratio of heat oapaolty and the coefficient 
thermal conductivity to temperature as a linear one.

The relation of the coefficient of temperature conduc­
tivity to temperature for the "Stoloveya* and "Dootorskaya* 
sausages (within the 40-70° range) are, as our experiment 
show, rather insignificant, therefore, we believed it posait 
to assume a*const. in the graphs.



DAS ALLUNIONSFORSC HUNGSINSTITUT FÜR FLEISCHWIRTSC HAFT 
U d S S R I N

ERGEBNISSE DER EXPERIMENTELLEN BESTIMMUNG 
VON THERMISCHEN PARAMETERN FÜR FEINZERKLEINERTE WÜRSTE 

OHNE SPECKEINSCHLIESSUNGEN

ff.M.Gorbatow,P.S.Gnojewoy,W.N.Massükow

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

Das Entwerfen und die Entwicklung von Anlagen zur Wär- 
Handlung der Würste, z.B. HelBräucherungs-, Koch- und 

“Kammern, fordern die Bestimmung solcher Werte, wie Wärme- 
hahmevermögen der Wurst, Wärme- und Temperatuxleitzahlen.

4 Das Fehlen dieser Angaben ermöglicht nicht, die Wärme- 
^  °kgangszahl von der Wärmequelle bis zum wärmebehandelten 
4e°dulct zu ermitteln, den Wärmeaufwand für die Wärmebehandlui® 
zUr Wü:rste zu errechnen und die Wärmebilanz aufzustellen. Bis 

Zelt slnd leider in der Literatur nooh keine präzisen und 
ei>lässigen Parameter angeführt.
ln diesem Zusammenhang wurde im Allunions-Forschungs- 

1#S Itut der Fleischwlrtsohaft im Jahre 1963 die experimentell 
Stimmung dieser Parameter mit der kalorimetrischen Me- 

°de durchgeführt.
^lt Rücksioht darauf, daß beim Wärmeaustausch der Wurst 

Aüb 811 Genetischen Metallwärmemeasern der Massenaustausoh 
t ^68cGloseen ist, waren wir gezwungen, die thermischen Pa—
®Ukt 61 d#r 'furst' die auo11 dem Kühlvorgang der fertigen Pro- 
2(l don entsprechen, nach deren Austritt aus den Kochkammem 
^^estimmen. Außerdem erlaubt die kalorimetrische Bestim­
mte Smetllode dieser Parameter keine Anwendung von Würsten mit 
>.rm5eln80hlleBu^ ea- >̂aruln wurden zunäohts das Warmeaufnahme- 

®*n » die Wärme- und Temperaturleitzahlen von felnzer- 
8rten Würsten ohne SpeokelnschlleBungen während der 
Ua* naoh deren Austritt aus der Kochkammer ermittelt.

2ulcunft beabsichtigen wir, auch die thermischen Para- 
den Koohvorgang der Wurst zu bestimmen.

8,1 d#r Untersuchung des Kühlvorganges der fertigen Rro- 
wurden wir geswungen, die Temperatur im Bereich von



40 b is  70 ° auszuw ählen , w e i l  d ie  u n te re  T em pera tu rgren ze  von 

den te ch n isch en  M ö g lic h k e ite n  d er  angewandten Versuchsan lage 

und d ie  obere  T em pera tu rgren ze  von  d er  Tem peratur in  der

7/urstm itte nach d eren  A u s t r i t t  aus d er  Kochkammer abhängig 
w aren .

In  d er  A r b e i t  s in d  d ie  T a b e lle n  m it den e r m i t t e l t e n  Wär­
meaufnahmevermögen, Wärme- und T e m p e ra tu r le it z a h le n  fü r  die 

Brühwürste " s t o lo w a ja "  und "d o k to r s k a ja "  und d ie  Kurven der 

A b h ä n g igk e it  d e r  d u r c h s c h n it t l ic h e n  Param eter von d er Tempe­

r a tu r  angegeben .

Da d ie  u n te re  Tem pera tu rgren ze  in  unseren  Versuchen  e twa 

40 ° b e tru g , v/ar d ie  la t e n t e  V/ärme vom S ch w e in a fe ttsch m e laea  

ohne w e s e n t lic h e n  E in f lu ß  au f das Wärmeaufnahmevermögen e'  
k a n n t l ic h  i s t  b e i  d ie s e r  Tem peratur das S ch w e in e fe ttsch m e l2 eB 

während d e r  Erwärmung schon zu E n d e ). D ie E inw irkung von  RI® ' 

d e r fe t ts c h m e lz e n  kann v e r n a c h lä s s ig t  w erden , w e i l  d essen  0®' 

h a l t  im W u rstb rä t unbedeutend i s t .

A u f Grund des O bengesagten  h a lte n  w ir  es  fü r  m ö g lich , d®® 

V e rh a lte n  des Wärmeaufnahmevermögens und d er  W ä rm e le itza h l sU 

d e r  Tem pera tu r fü r  d ie s e  -Vürste in  l in e a r e r  A b h ä n g igk e it a<»s'  

zudrücken .

D ie  Versuche e rga b en , dass d ie  A b h ä n g igk e it  d e r  Te®P 
r a t u r l e l t z a h l  von  d er  Tem peratur fü r  d ie  W ürste "stolowaJ® 
und "d o k to r s k a ja "  ( im  T em p era tu rb ere ich  von  40 b is  7 0 ° )  s® 

u n w esen tlich  i s t ,  darum b e tra c h te n  w ir  in  den Kurven a=oonst*
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BcecoK>3Hbift HayqHO-HCcneaOBaTent»CKHñ HHCTHTyT 
MHCHoñ npoMbiinjieHHOCTH. CCCP

O PE3y/IbT AT AX 3KCITE PHM EHT A/IbHOTO 
OnPEflEHEHHfl TEPMHHECKHX nAPAMETPOB 

BECCTPyKTyPHbIX KOJIBAC

/AT

B.M. TopöaTOB, n.C. THoeBOfi h B.H.MacioKOB

npoesTHpoBaHHe ycTaHOBOK ana TepMHaecKOfi o6pa6oT*a 
ac H KonöacHbix H3flenHñ, aanpHMep KaMep pna oöacap- 

6eà BapKiI H oxJiäJKaeHHH, He MO*eT 6hiTb ocymecTBneHO 
eii TaKHX BeJIHHHH, Kax TenjIOeMKOCTb, K03(J)4)HUH-

TennonpoBOflHOCTH h KOOcJxfciciHeHT TeMnepaTyponpoBon- 
« ° cth.

^ coiKaneHHK), no chx nop b miTeparype He yKa3biBa»T- 
flocTaTOHHO nonHbie h HanejKHbie naptMeTpij.

CB93H c 3THM BHHHMn BeneT b HacToamee BpeMa 
°Ty no SKcnepHMeHTanbHOMy onpeneneHHro TepM necK ix  

iaPaMeTpoB Konöac.
B ^ccnenoBaHHe npoBOAHTca KanopHMeTpaaecKHM MeTonoM 

naryHHhix xanopHMerpax, b  KOTopux nponeccu Maceo— 
^M ena  HCKnK3HaK)Tca. riosTOMy BHanane m u  onpenenana 
o PMHHecKHe napaMeTpbi, cooTBeTCTByionme nponeccaM  

ö«aeHHH roTOBOñ nponyxHHH no Bbixone xonöac H3 B a -  
Po,a°ñ KaMepbi.
jj ^ aaíibHeñmeM nonaraeTca onpenenHTb 3th napaMeTpu 

nponeccoB HarpeBaHHa cbiporo 4>apma.
BQT̂ HHTblBaa. n to xanopHMeTpbi He no3BOjiaioT Hccneno— 
na CTPyKTypHbie Konöacbi m u  onpenenanH repMnecxHe 

MeTPbI ana SeccTpyKTypHbix xon6ac. HH*e npencTasna- 
0 3 aaHHbie o TepMHHecKHX napaMeTpax noKTopcaofi h

0iIOBofl KonÖac.
Tp äaopHMeTpHHecKHM MeTOflOM onpenenana Koa^miHenT 
ae nePäTyPc>npOBOnHOcTH h TennoeMKOCTb b nponecce oxnaat-

111111 Konßacbi OT £ = 70° no £ = 40 .
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BepxHHñ npenen TeM nepaTyp  oÔycnoBneH TeMnepaTypo®  
Konöacw  b  ueHTpe öaTOHa no Bbixone ee  H3 BaponHoii xaMe-  
p w . H hxchhK npenen TeM nepaTyp oöycnoBneH TexHHnecKHM11 
B03M0ÎKH0CTHMH SXCIiepHMeHTajTbHOH y CT3HOBXH.

Be/niMHua K oa^H nneH T a TeMnepaTyponpoBOAHOcTH a bW- 
n n cn an acb  no (jjopMyne

a =  K m

rn e K = 1

5,783
R2

9,87
77

(

J? -  BHyTpeHHHH pannyc xanoMeTpa b m ,
L, -  BHyTpeHHsis BbicoTa xanopHMeTpa b m ,

m ,  TeMn oxnaxcneHHa xonöacw b xanopHMeTpe npn ero
oxnajKAenHH b boahhom TepMocTaTe.

yqHTbiBaa pa3Mepbi xanopHMeTpa: R. = 0,022 m h ^ 
= 0,073 m , nonynHM:

,-4a  = 0,7246 • io m< 

ynenBHaa TennoeMXocTb xonöacM C 

nenanacb no (JiopMyne:

bc -*-00 * 
xiran

onpe'
P x r  • rp aA

C = 
P

Ÿ
&

m
m

c - c
3 non

M

xxan

xr rpan

M
rn e  KjJ =  1 -  -  xo3(})(j)HnHeHT, ynHTbiBa ioiahä HepflB

8 a
HOMepHocTb TeMnepaTypHoro nona; = 0,009m -  pan^y0 
MHxpoxanopHMeTpa :

C , C -  TennoeMxocTH sTanoHHoro h nonoro xanopi* 3 non
xanPOB B

Me*"

rpan
ß- -  Bec xonßacbi b nonoM xanopHMeTpe b r ;



H fT la -  TeMnbi oxnaHtneHHH HcnbiTyeMoro MaTepaaaa 

3TanoHHoro xanopaMeTpa.
Ce TeMnbi oxnajKfleHHH onpeaenaJiHCb no ypaBHeHHio:

m -  à tn  6 ,
Tfle O -  3 TT o

u -  H3DbiTOHHaa TeMnepaTypa b C,
T  -  BpeMa b aacax .

Upa 2.a_ npiIo epa  PacCM °TpHM onpeaeneHHe BemiHHH: a ;  C h 
t -  40 (onbiT  Mb 7 ) ana aoKTopcKoñ KOJi6achj. P

) nr.„ 3K KaK 03 3KcnePHMeHTa TeMn oxaaxcaeHHa Marepaaaa  
E n a n c a  paBHbiM:

1
5,5 Hac

^°3(J)(J)aa ne ht TeMnepaTyponpoBoaHocTH a Bbipa3HTca:

. - 4a = K -rrj = 0,7246 • K f 4 • 5,52 = 4 • lO-4 ——  • 
cx^ c>0 nac

TeMnPH oxna>KfleHHH aTaaoHHoro h noaoro xaaopaMeTpoB 
111 noayHHHHCb paBHblMHI

^  = 2,22 —

M ». ^TblBaa, H TO K0 3 (J)(|)HIIHeHT 'Ÿ  BbipaitcaeTca no BblUienpH — 
hh u m  (jiopMynaM:

H m = 2,03 ~  M nac

S L ,  ,  „ 2,03
/ = 1 -  o.l — -----  0,949 Ä  0,95,

tt° JiyHihm

C -  0.95 
P

14,22
^Ae

& -

2,22

2,03
13,9 -  3,36 = 0,792

Kxaa 
Kr •rpaa

Bec KoaSacbi b  nonoM icanopHMeTpe cocT aB n an  

14,22 r.T *
enaoeMKocTb aaTyHHoro, aTaaoHHoro xaaopH M eTpa

C3 = 13*8
xaa
rp a a  ’ 11



a TennoeMxocTb nonoro KanopHMeTpa
Kan

C _ = 3,36 -------  .non rpaa
Rjisi onpeaeneHHH KoatJxfcraiHeHTa Tennonpoboahocth A He" 

oôxoflHMO 3HaTb BenHMHHbi a, C H ¡f -  rae -  yaenbHtít 
Bec Koji6acbi, Tax kbk P

A y  KKan
= a • C • o -------------------

p nac • m • rpaa

B CBS3H c 9THM onpeAenHM yaenbHbiñ Bec Konö̂ CJ» 
( ohut 7).

Tax xas _
1000 • Kr

I

V = __________ ^
° 0,785 • HZ • H M

rne ( y -  Bec Konôacbi b KanopHMeTpe b r,

J I -  HHäMeTp KonöacM b cm,
H -  ansaa Konßacbi b cm,

H3 onuTa HafiaeHO, hto jQ = 4,4 cm; H = 6,7 cm.

CnenoBareabHo, ^  = --------------- —----—-----  lûtf
0,785 • 4,4¿ • 6,7 

ho (y- -  101, r, nosTOMy
_  x r

= 10 -G" = 10 • 101 = 1010 -----— .
M

Ha ocHOBahhh nojiyneHHbix aaHHhix onpeaenHM Kosq 
eHT TennonpoBOahocth

(I

. -4
Kxafl

A = a - C = 4 ■ 10“ 1 • 0,792 • 1010 = 0,316
P jt

PaccMOTphm Tenepb onuT Jvfe 2 co ctoaoboô Konôaco 
npm t  = 4 0 °

H3 onuTa HañAeHO, hto
1

«L^oo= 5,76
nac

12



n!!~aOBaTe,IbHO» K03(jx})HUHeHT TeMnepaTyponpoBOahocth bm-  
jj«3HTcg:

2
a = K 0,7246 • 10"4 • 5,76 = 4,18 • 10"4

HflC

no^ fle,1HM K03(JxJ)HUHeHT HepaBHOMepHOCTH TeMnepaTypHOro

i 1 -  «  1-0,1 -2_*!L _ ^  0,948 .
8 * a 4,15

Âe 4 ie . ,n-*4
c0 ’ JU “ 3HaneHHe a b cpeflHeM 3a Bee onbiTbi

CT0JI0B08 Kojiôacoô.
MeT aaThIBasi« Te Muu oxjia jKfleHHH KonÖacfai b KanopH-

x (npn ontiTe N° 2) nonynH/iHcb

/ n

m 2,28
1

nac
h m = 2,17 —  

m nac

PeAennM yaenbayn T e n n o e M K O C T b  Konöacbi

_  0.948 f  2 ,2 8

'no nV f  & - c  - c  
^  Irn.'M 13,87 L 2,17 13,9-

" 3,36^= o,77
Kjtaji

Kr • rpaa

AojTi?°ril,IHl’IM °6pa3°M HaxoflHM yflenbHbifi Bec KO/i6acbi. Oh 
HHnc51 paBHbiM

X = 890
Kr

Oft M
AejiHM Tenepb K03<jx{)HUHeHT TenjionpoBOflHOCTH KOJiöachi

/U
a*c p *ÎT= 4,18 - 10-4 • 0,77 • 990 = 0,318 KKan

p nac • m - rpan

0c«OBaHHH noflOÖHbix pacneTOB cocTaBJieHbi CBOAHbie 
^ Pe3yjibTaTOB SKcnepHMeHTajibHoro onpeaeneHHa

13



TepMHHecKHX napaMeipoB Ana noKTopcKoä h ctojioboh kon- 
6ac, KOTopue npaBOflaTca hhikg,

y  h ht biBaa i h to npH t  = 4 0 ° CBHHOÄ HCHp 3aicaHHHBaeT, B 
OCHOBHOM, nnasneHHe, a roBaacHö h 6apaHHö >khp b ynoM «' 
HyThix KOJiöacax coflepacHTcs b HeöonbiiioM KonHaecTBe, wfaI 
COHJIH B03M0XCHbIM 3äBHCHMOCTb C OT TeMnepaTypbi «3 0 ^  
pa3HTb B BHfle JIHHeÄHOÖ 3aBHCHMO^TH.

K ax noK33anH onuTH, npa onpeneneHHH Koa^HnHeHT0 
TeMnepaTyponpoBOflHOCTH noKTopcicofi h ctojioboö  icon6flC 
BejiHHHHa sToro K03(}x{)HUHeHTa b npenenax TeMnepaTyp oT 
40 no 70 He3HaHHTenbHO 33BHCHT OT TeMnepaTypbi. no '  
3 to  My mm cohjih  B03M0HCHHM b 3THX npenenax TeMnepaTyP 
npHHSTb a = c o n s t .

B bl B O R  bl

1. K ax noKa3ajiH onbiTbi, ynenbHag TennoeMKOCTb C  ^  
HccnenyeMbix noicTopcKoá h ctojioboö Konöac b npenena 
TeMnepaTyp ot 40 no 7 0 ° He3HaHHTenbHO 33bhcht ot TeMne 
paTypbi.

2. 3aBHCHM0CTb ynenbHOñ TenjioeMKOcTH C ot TeMfl®" 
paTypu ana aahhmx xonöac b npeaen a x  ot 40 plo 7 0 °
Ma 6n«3Ka k nHHefiHOft.

3. HecKonbKO 6onburae SHaneHHa BennnHHbi C  ana 
TopcKOfi Konöacbi no cpaBHeHHio co  ctoîioboâ  xoíióacoñ n°  

nynaioTCH 3a cneT öonbinero co n epncahhh acHpa b flOKTOp' 
ckoö Konöace.

4. AHanorHHHbie pe3ynbT3Tbi nonyHHnncb h npn onpeiI 
neHHH K03(J)(J)HnHeHT0B TennonpoBOflHOCTnit.

5. BcneflCTBHe He3HäHHTenbHOft 3aBHC¡{MOOTH K03i
eHTa TeMnepaTyponpoBOflHOCTH a ot TeMnepaTypbi b  K  

nax ot 40 no 7 0 ° nna HccnenyeMbix Kon6ac mohcho chhtöT^ 
h to BenHHHHa a He 3aBHCHT ot TeMnepaTypbi, T .e.»’1 
Cl = con st . Q

6. Kax noKa3anH onbiTbi, yflenbHaa TennoeMKOCTb fi 
HccneflyeMbix xonöac b ochobhom 33bhcht ot BnancHO 
Konßacbi h KOjiHHecTBa Haxonameroca b Hefl xaipa.

H
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M

^ kckmocth yse t̂HOË TeiwoeMKOcra h KoatppmiKeHTOB TenjionpoBOjtHOcra 
2 TeMnepaTyponpoBCWHOCTH boktodckoM KOJiôacH ot TeMnepaTypa

Relations o f sp ec ific  heat and the co e ffic ien ts  o f ther- 
aad temperature conductivity to temperature fo r  the 

E°°torskaya" sausage.
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SâBECHMOC TH JWeJIiHOË TeiUIOeMKOCTH H K09<M)KUH9HT0B TeEUIOIipOBOBHOCl*
h TefÆiepaTyponpoBojmocTH ctcwioboB KOJiôacn ot TeimepaTypH

Helations o f sp ec ific  heat and the coe ffic ien ts  o f ther­
mal and temperature conductivity to temperature fo r  the à  

"Stolovaya" sausage. ” 1



THE ALL-UNION RESEARCH INSTITUTE OF MEAT INDUSTRY 
U S S R

TEE RESULTS OF THE EXPERIMENTAL DETERMINATION OF THERMAL 
PARAMETERS OF SAUSAGES WITHOUT BACK-FAT ADDED

heat
the

Gorbatov V.I3., Gnoevoy P .S ., 
Masyukov V.N.

The designing o f units fo r  sausage and sausage items 
3,1141 treatment, e .g . chambers fo r  hot smoking, cooking and 

s ^ ^ 8 » is  impossible without knowing such factors as 
^ I t y ,  the co e ffic ien t o f thermal conductivity and 
Ticient o f temperature conductivity.

ie. ^ fo rtu n ate ly , in lite ra tu re  su ffic ien tly  complete and 
a*>le parameters are not indioated yet.

111 Tlew of th is , VNIIMP is  now carrying out work on the 
r lmental determination o f sausage thermal parameters.

The investigations are performed oalorim etrically  in 
*e 1 0aTorimeters in  which mass exchange is  elim inated.First

9*Pe:

r

bras8

• * * * « « . .  determined the thermal parameters oorres- 
148 to the processes o f ch illin g  finished products on 

leaving the oooklng chamber. Further we intend to de- 
h... <-0686 parameters fo r  the processes o f raw minced meat

Taking into account that calorimeters do not allow study- 
^ sauEages with back-fat added, l .e .  having a certain struo- 

w# determined thermal parameters fo r  so-called "struc- 
gjv#^e8a" sausages, l . e .  withont back-fat added the below- 

data show thermal parameters o f the "Dootorskaya"'St°lovieya" sausages.

ue ° °e f f io ie n t  o f temperature conductivity and 
Ity  in tlle proe#88 0f  sausage ch illin g  from t^ ■70

and

heat
to

'hPao

»ere determined by means o f the calorlm etrioal method.
mv

ttpp*r  temPerature lim it is  preconditioned by the 
th* 111 the sausage unit oentre when th is sausage leaves

0 i * «  chamber. The lower temperature lim it is  preoon-

¡ZO
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ditioned by technical potentialities of the experimental uni1
The value o f the temperature conductivity coe ffic ien t 

calculated by the formula:

a = K • ««o r

where
9.87

L2"

R is  the Internal radius o f the calorimeter in m, 
L is  the internal height o f the calorimeter in m, 

is  the rate o f sausage ch illin g  in the ca l 
at i t s  cooling in a water thermostat.

Considering the calorimeter dimensions: R=0.022 
1=0.073 m, we obtain:

Scusage sp ec ific  heat Cp kcal/kg.°C was determined 
the formula:

perature f ie ld  nonuniformity; Rj.= 0.009 m is  the radius 
a microcalorimeter: C& and CnoJl 316  heat capacities °- 

standard and hollow calorimeters in oal/°C; G is  
weight in the hollow calorimeter in  g . ; m  and ma 
rates o f the experimental material and the standard 
meter ch illin g .

A ll the ch illin g  rates were found by the equation:

t etr 

oi

where 0 is  excessive temperature in °C,

X  is  time in  hours.
__  — 1 _ <= ==«* «• 4 «3 «  4-V>a d a f  ew m ln o f < aw ft f  th fi



As the material ohilling rate was experimentally equal
to

m

temperature oonduotirity co e ffic ien t "a* w i l l  be expres­

s'd as . 2

a = K • m̂ ^ .0 0  * 0.7246 • 10“\  5.52 = 4.10“*  m /hr.

At the cooling o f standard and hollow calorimeters the 
rates turned out to be equal:

Taking into aooount that the co e ffic ien t P  is  expressed

obtain
C .  ° * 9  ̂ fli s l i  1 3 . 9  -  3.36I  - 0.792 koal/kg.°C, 
p 14.22 L 2 ' 03 -*

*kere sausage weight in the hollow oalorimeter was

G = 14.22 g.
Heat capacity o f the brass standard calorimeter 

Cg = 13.9 cal/°C,
8114 heat capacity o f the hollow oalorimeter 

Cnon * 3.36 oal/°C.

To determine the thermal conductivity co e ffic ien t A , i t  
necessary to know the values "a ", "0^" * (where ÿ

18 sausage speo lflo  weight), as

A «  a . Cp • Ÿ  koal/hr • m • °C.

In th is connection, we determine sausage speo ific  weight 

(Experiment N® 7 ). As

»Here G la  sausage weight in g in  a oalorimeter, D is  a 
sausage diameter in om, H ia  sausage length in cm, i t  was 
found experimentally that D «  4.4 cm, H = 6.7 om. Consequen-

2 . 2 2  ——  and ifc «  2.03
hr

_1
hr

V  the above formulas:

y-' ,  1  _  o . l  -^ 2 2  = 0.949 »  0.95,
4
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10 G,
0.785 • 4.4^. ¿."7 

but G = 101 g, therefore

10. G = 10-101 = 1010 kg/m3.

On the basis of the data obtained we find the ooeffioient of 
thermal conductivity

/l- a • C p .^ - 4.10-*. 0.792 -1010 -  0.316 kcal/hr.m.0C.

consider. Experiment N* 2 with the "Stolovaya- sausa* 
at t=40 . From the experiment it  is found that

® <*—  •© =5.76 ,
hr

therefore, the ooeffioient of temperature conductivity will 
be as follows:

a = = 0.7246 ‘ 10-4 . 5.76 -  4.18 • 10-4  m2/hr.

Now we determine the ooeffioient of the temperature
fie ld  nonuniformity

1 -  ®
8 • a

1 -  0.1 2.17 » 0.948, 
4.15 ’** *+ • J.P

where 4.15.10"4 i 8 the average "a" value for a ll the experi­
ments with the "Stolovaya" sausage.

Taking into account that the rates of sausage chillis« 
in calorimeters (in  Experiment N* 2) were

= 2.28
hr

and m. 2.17 - i _  
hr

we find the sausage specific heat

[ £ * - — ]* § 2 * [£ g
= 0.77 kcal/kg.°C.

S f i T S ’ "  ,1M « • « « .  i ,  tOT.*

= 990 kg/m3.

t iv ity °W’ We flnd ^  * * * * * * *  ° ° e fflo ien t of thermal conduc- 

A = a • Cp 4.18 .IQ"4. 0.77 .990 -  0.318 koaVhr.m.t



1 1

summary +v SU°h oalcnlations there were compiled
thermal D 3 0 the results of experimental determination of

Z  f0T the ■ * • * « * * * ■  and •Stolovaya»
, the tables are presented below.

T T  T 0“ " that at 1-400 P°rk f at melting 
ab°ve-me n 8011 ttat beef 8114 la“h fat oontents in the 
C T I  ltea8 “ * we be Here d it  p Z
sue. present the Cp relation to temperature as a linear

i z x

on
We,

torski!« ne/ i o erlBlenl8 8h0W’ mb±le determining the «Doo- 
°°aduc^iJ? ° l0 W a '  Sausa« e 006 f i le  lent s of temperature
tea5eratu,.A' TalUe8 ° f  th88e 00eifleients depend 
theref insignificantly within the range 40-70°.
Wltbln°thi C8BSldered Possible to accept a -  conit. 

ls  temperature range.

Conclusion«

^ ° wed’ apeoiii° cp f 0r the
depended 

range

>rsVo .  opecuio neat Cr
0a temper^a 8114 "stoloyaJra" sausages under study 
^ O 0. 8 Ure ^sign ificantly  in the temperature

2

thi8e sauan r9 latl°n ° f  sPaoifio heat Cp to temperature for 
^usages at 40-70° is  ftuite close "to a linear one.

> a g i  L0BeWhat gr#atar Talu8a CP ior the -Dootorskaya*
' « V  tZ  Qo°mf ared 10 the "Stoloraya" one result from i t ,  
. <• oontent.

tl* ° ° e f f l^ lar r88ult» were s1®® obtained when 
«nts of thermal oonductirlty »/i*.

te®P«ratura the ±aslgn iil°aat relation of the ooeffiolent 
1' 8̂ sager  T * " « * *  "a" 10 t*®P«rature at 40-70° for 

ttot den»Û dei' Stud7' °ne mâ  oonslder that the ralue »a"
6. ^  011 temperature, i.e. a - const.

V l0a8d - ^ a L T ^ “ indl0ftt8d' apaclfl° heat Cp of the 
•“te. »sln ly depends on sausage moisture and fat

determining
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