il i



BIOLOGICAL BOARD
OF CANADA

MANUSCRIPT REPORTS OF THE EXPERIMENTAL STATIONS

No. 40

Title

THERMAL INVESTIGATIONS ON FISH MUSCLE

Author

G.0. LANGSTROTH

HALIFAX, 1930.



BIOLOGIC AL BOARD OF CANADA

w Reporie ﬂ the mm Z4ations
“Ho. 49

AL mlunntmut 9 of walforme
i ummmw Mc oh musole, & very -

of £ - ;
and in w08t Gsses Surpr , exists bo-
ST Ao
> have therefors a gemsyal signifissnee.
Twe of the outatanding predlems in heet transfer are
ttm#mnhun mqm«mhm
thernel sonditions, ené the time tewperature relation in

Mum of gannsd goods.

’ ul?lnuﬂ mm mxmm
.‘ u .i uu:mnm am:;-u of N”wmnﬂ
ua-;tmj‘ nm*m
Sine nw. c&. au u{:uu
&m&n of the musele and thermal

nents have shown that 1ol conditions ave very
those of the idesl sase In doth thece instances.



Cod | ' | "
devring (fat) log | l{:'

Lkate Dt el
Heskersl (fat) |  1.07
a- ;nnuw may be obtained

two types, (1) un mtw. and (2) ive
%m‘ s&w’t. mm-w'»w'o.%m

mmm
ACQUERSY “&GM

m..., “g:'i..,....,.u....'-—,.axmm...

: 102l heat capasity curve is shown in
"“’.lo

s

&
#1388

!




Thermal Invostigations on Fish Juscle 3

Hu"‘ Q/banp G»rt/c f'v
Haddoor Mosde.

i I A i \ ! 3 e b ok (s
-%0 ~#0 -30 -20 0 0 J)o 20 B0 Ko D 60
Je m/ora Fute tn ’C.

mw-th

rostasgular b of ll Tle ?!htotﬁn
W.ﬁﬂm‘ :‘1‘;” | -luhum
'Mll" ;‘”“ dﬁlamagom”--ﬂ .
Wﬂnnﬁ'm'.m;x“'nmmmmn°u



5o Reperte Bisl, Board - 4

eel/gm. al/om. ne
madlosk |08 | &8 0. 0400164
, | 0" 60 0.89 |
Cod 0.8 68 |-20" 0-::' v—n————— 00,0025 |0.0016
B 40 04 '
" 60 ¢.89 | : ;
|Exate «1.8 60 =30 Qs - 0s008) |wwwwos
: =30 =40 0.86
| o | |28 gees
Herring | <1.0 88 z;::zg a@‘ﬂ o L E R e
-3 -kl 9:” :
Lrock ~0e8 65 0% 60 0.8 B m——— | e
, - -

| 'Wh&uatmt ‘ muhwuﬁ
mm&mmum‘mu
uummtu.nmuuu’”m&u um

dats of &

The eondustivity of the fromen (and 1y of the unfrosen)
g K e AR ey A
8 or
qﬁm inoreases and the waler sombent u«i’::u {ne oonduotivity



Therssl Investigations on Fish Musele

.._....m
<







JArchknesd 1 Com,

(a) /;007,'7,7 ftom one Side ‘- T = —/6°C 2
(b) Fra}, ;.)-,frwa one s:f/e, T =—/5°C.
(!)Frfl;, ng From both e T = —r 09
(d) Jree 3/&7 From both ey T = - /€%,

[y (1 1 i — 1

: 1 A4 L] ‘
e o 20T NERTT M O 60 707 Ta 90 o 1o 130
77;,« im Mryutes.

Tioes o’: rrc c-’. 7‘7' g)‘ #qJe/aek
Fiy: 2.

Addidsenst Dickness Frssern oytes Remmnd Comrs)

oF (<) Bk F,uf = 755%.

T te) BR Tenp = —7/ o C

@) QK remp = —15C

/ 3 3 e : &
Thiekn ess Fr—tio\ on /ﬁ’m-n/fnm Batl (~ Gn)

I’Res.d:.nf'}l;—_peja;«ﬁ for ”IJM%
Fig. 3,



‘Thermal Investigations on Fish usole ¢

for ihe flow of mt.v\vﬂ 39 bosones in
M so-ordinates (442

-)\g N 3__.0 g\-e e
[ 2 v e * avr ).s- ) Q s %——.

3
xuﬁ- m&u at aht P 3 at
— e N

lg = 8"6 J_ 3——.. an

3T "[}w* 5 _*“‘&] (1)
e the solution of this eguation wish satisfy the oone
ditions, ‘

QL Le-
Ol R e
ig Yis e Ll e e Y
: t= 2 ¥ ¥ & = T




48 Reports Blol, Besrd

To obtain = ulﬁt&» of (1) weite
&= ¥ir) «( 2 ) e =% X,
Tne oqmtwa umh ¢ enl w aust sstisfy ia then,
T, i ki e 3151 —"o (2)

aad sinde the f1rst twe Sevus ave indepondent of the last two,

L 2tw +;§- Py i

: v (2)
o< S }‘l— + : :

‘ 4 (4)

whore /J‘ e & sonsbant,
uluuem of (5) 418 of the Towm.

sz P

and on sounsiderailon M »nutien (v)y and ninge 9«* 3

may write o polution of (&) ney ;_Q

-l>¢"

?,,.. I (\+1)€ MMy Ty,

4>
suﬁ“‘i“ (4’.
?W_?-—‘i’—a % r,r\ﬁ' yMir2 Yo
is & Bessels egquaticn of (he ware spdar, The soludien 1s,

Ha Bl AR Ll )

sinse |, %un an umm nuaber of values given by the
roots of equation

\Z’(/’{‘L/-:o

T 5 ot OGS




Thernal Inveetigeticns on Fiah ‘usole 9

The uolutlon of (1) may thm Yo written
= gg A"""'F j;@ﬂr)wl"‘_!T[% ﬂ} ,%_3%)4:

/

{7}
The value of A~~ 18 found 1n the uewal wey by multiplylag

enoh 8ide of {he eguation (whea % -0) T(é{r}w‘*m”‘" (3 +2)d
mwmtmmwmmuunuaxa, and ~OoRR + % 74

LT AT ) s " h

J Mm‘r(amjw L ) s 2o K F o
A 1.53:(/&")%\:{ WOt o 0 ("a*“’)l’a
o LT S

e (‘l;""“l 'L_;"%T l'bfj) '{9

—W\T/,{a.{,_{" . edad

1
0

. N W - S
ot {8)
the cenplete solution of (1) 4s then,
--KU’&M’ }r

e=Z B2 cho AL 5 T(/J")a""‘\"‘"’("pllde 9

S AL d“I":“) UGS T S
' g

The values of Al may de obtained fveu the smeros of the
fansbiond (vwalsh wre given by,”
) e 3, —gﬂz——
('rnr-—’- T[”‘T ,I) 3‘51(—‘_::73 'é'zbo(m-,—,g—)zr' _';‘2 o
he fivet forty sre 1isted in Teble i g



u5 Regorts stol, noard 10

umw&mum Mamuluuw thermel eon-
mzuarmnam ilutou i T or exmmple oonsider

the polint(;3s @ ), mﬁ?
B.y s IP S wmm  AEVoim),
TR o "II}A&?/"‘w:w1 W ~-f"f

(10)

oﬂut of & mcm in Mil the

o and B
becomes mnm ga ¢ until when § is modsreately large it
1% the twtg & . sz ' -
t30 percsad s m@.wad-o

nimnaalm &fu




: 4_:}’

Kr E[R:O *4_0,7 "ehlo' 3 W'Q ."‘ 5 o g (‘/
ik i q‘ua suffiolont for praationiy omme, |

tmma

' foll mmn ms :m'iﬂmmm
Rg MM M )‘Mw R By M

ta ke m m hn-
-mm " ee:uz w (lé’ fﬂf
ihe of m the sonstant
vasis apply bo tine ,m. . aitter

| stormiusd, Ii s rovedle Wash Lais o
Xy T 55:,‘ "‘“‘-3"3




Temperature of centre (i2530) intavms of imtial Temporature T °

<— Process Temrerqj’v\-er a)

(b

'91 orefreal Relations f;v tnirral ’?’f 7.
toeessop Temp O° Carbritary), and
@) Yodius of can  HITom |, Jangif HToe

) rodias of @an %350 ] /"'7’“ (/.1 erm.

e ' : O A \ \ Il \ 4
6 lo ¢ 30 40 bp b0 70 TFo 90  ypo U°

Time m Minwtes.

Fa«?, 4.

Theorekical Ti;ne -ﬁmfo rafuie Welatrons,



o_&?voeassm-iﬁmp,
7
a2?
%3
AT
5T
©Tr
ant Radsal 7emperature Awz/ Fjﬂfaﬁm
Ostribatun i the 320 plape Vsstnbation along He <slynor
'ﬂ-(q Fnah» a}'raq’/us‘ H1E e ahd (ay Y:—%‘ J:r aﬁv‘\-lfrkdfpj M5 ton .
/C»u/'# H.Fo Con. ((c‘:)) €=_ ;o‘»-:»;. and fengll FT4CH. () €=ty
97l g B C) =20 pein..
7" A i L L L [ ] LY [] L} Y 4 [} 1 1 s ) 2 . L)
- e e e e B e fe T fa B P L Al 0 2 W WL

Zemporature.

Kod« o/ Ostance $om Contre

Axial Hstonce Spem Centre.

7/ 3. -}



Bemperatore i ‘C.

He

k—-?*-u 3 Ta m/:,

LX)

xoX 2

g

Corve J°,I f’J # Oordml i

ﬁhvﬂ vatwves af Centve.

Oaud X dendte exp. "
t’)}!ffrdvres Boa. T
m Two et
otdate . Py Go
Wimensions of Gawn
F=H.IB em 4o
104,30 o, o
: ot i
%
£ 2
%
;\ 20
i 1 & i a \g
° 70 3 4 B e r A R L

Tme n /7,);“/!‘

Fq. 6

é—ﬂﬂ:eﬁ‘.ﬁh/‘o

Corve dends therelieal
tenperturas alaentre .
© denotes ex(,o_m,emﬁre

nthSpens o5 Gn
F=3.20 Coe.

28 =965 Cmn.

o lo 29 Je
Time in Phinutes,

4“‘0 5 éo 70

Gomparvisens of He Fheoretpenl a»¢47ﬁ-x/;or7)ncn'/€/ fz»)/a#-a‘ﬁc res af The gen’res

o T Fons ofdiffevert dimensiong,



“aenil

" vel mmammw
of uin;:" .:‘m gres Lo m

l*m"'.:&cm o o8 "mmwwﬂﬂ'ﬁ

mu:m.

.&..me B3 uozmw:um»mm
‘



W

| Jetw, lap. Flsh. Insty, T0kPO,
U Bt fuadlg, Hysiel. 11, B

m :

iodts L4 geas » “. | JS 1’1'0

- Teanss We' e M ﬂ.‘q 1" m. ‘”‘0
e m Joar, Ind, Engs culu. n. m, 11w,

walte m iovo Inl‘h ”‘l l?g 1”. 1’39-

W ”’a m Can, mm mt. §0, 28, x’mn«s

W Bio. Baavd Oan, umtyt Rept, Bo. 26, mﬁ

..m
Sarelaw

"la Theoris nalybigee de la Chaleur.
The Condition of Beat,
Theory of Bessel Mﬁm.
freatise on Bessel Punetion.

aymux flarnonies,

w m “odsrn Mnh. o

m«mmmm





