We HAVE ‘
fo 3,21- him to
eat his broccoti!

cant really blame
him,1 wouldn't eat
raw fproc (ol Qither,

fHow can we

- poth be wrillianT .
chemical engineers but
such awful cooks? -

. el if | rememe
Correctly, neither
of us wad rime
N underc}rad
boLanse we
' Were alvlm
siudying |

pasitally survived
ramen and
cereal

Youre right! How qbout
wl pvt+ %hat studying 10
use for once How wel| Aa¢
Jyou understand neat
ranster?®

Like tne back
of my hand!
And | thint |
know wherd
you're 4qping with
this. Wt cah ufe
conduction, wonvechon,
AND radiation +e coor!




Exactiy! How do You wan/f‘l’o’@
avout Hais?

Lets start with conduction
the transfer of heat throu f.
random wolecular interactions
of adjacent pariicles

G mv.m%_,wt can stir—
fry {he broccoli On the stove top
uima a svilled!

'.

the moOecules in the skillet. Thest wmolecules vhrate
Causing. their adjatent molecules yo viprate eventu ally
fransgerri ng this heat encral& into the bncwll

The stovetop will heat up,transferring ener \tm-ro

r

Oh Nno, the broceoli is ﬁarhna_
o burr\' Honey, how d
'rﬁveﬂ‘l’ -*“S 7 — .

mmm..-. well let's think of tne
equation: 4 .--kl; ohere 4 is
the neat ux, K iS5 tne thermal

wl\dumv.\w and “xT is $he
temperature qrajient.




So +o decrease 1},( :
we should decrease,
decrease 3T, oF increase
. We an use a less

nductive material for the

-yess... job dear put
can you pay atfention to the

ovens are perfect
examples of
convection ~heat
transfer -mou,k The
BUIKE motion o "a
$uid or randdm
moletnlay motion




In an oven  heat is trangferred
10 the food lma,bﬂ'h radiation

and copvection. There s free

conve Ltion in @ convéntional oven
ond forced wnveltion in a
wnvechon oven. \n a Lonveérhon oven,
e air € heated by, heating cojls , theh an external
force \a fan) circulates 4he ar. 1ms hot air passesover
the surfact of interesy (the broccoli) and in turn
heats it up.

(The equaton for
convective heat transfer
i5 Q' =h(Ts-Tw).

h is 4he (Onvective
hat transfer
oetficient and 15 and
To are the regpeLtive
Yemperarures Of the
surface ang the bulk
fluid.

our biiy ) 3&&@

hun .. nNe need
10 CooK nis
brocioli as fast
0s posnble

we need a h\
fate of hut
framf(




h(G-Ts)A

@ can Aals0 increase
e surface aréea of
the broceoli

4= T-A

The convechve heat transfer
coegeicient h,is a properiy that
has @ sét value depending bn
the velotity and viscosity of the
flvid ,amonq bHher varibles. However,
We can chilnge our h value

u(ing. a Comf,m?onm or convect
oven, 'We need a high heat transfer
it ,50 we will chdbose the
convechion pven which has a}r:m

brocLoli was
more burat
than mine!




@ood thi

I'ma pro "¢
with tvhe |
microwa ve '

actually a proper
exampie Of
heat rrangeer
tragh radiation
| had other ideas

\es it is radration! I§'s
literally called microwave
s » adiation!
0N EnNOWw Now re is a ¢
Called ' microwaves? Mfaﬁx‘:::}%
net uge that wave th.But microwaves,
he physical box? Thos do use
radiation tv heat 4he food. Ih bther
words microwaves may wuse fadianen,
@t radiation s wnot actually micowavey,

42
ra

'm alw A4S up fo
competition! Nl ke
bock in wader 10

ninutes




T Ugln hz can be §0

| wnfus.h% He banCallg.
Sald ¥at’ micrv wave

- {ovens DO use

radiation,whidnh

Is true!

4 Thinking abput it now ,Microwdie)
ovens do Use radiation, lcm‘f et
e ‘N was rightl o~

wnat did you do7! E.L_.
The j

| just Used ermal
Po (] radl:;l:nfo ‘
s heat tv the
: bmw‘a The bIOCE Of

Yamum in the lab
releases ener% With
emicsive

E-.-go"r," where

0" = B0 tzmann constant
L = emissivity
Ty = sureace fempérature in kelvin

%: G

g B

enerated heat radiates in

tform Of electrom ehc.
aves and +he brocco

abSorlos the emitied phm-onr
coolf-ina. it




shoul
feeding ou

He's 'rofallta_ %dngﬁ\ite mu broceli
better! Mitrowaving ic tot ly the
\NEeror cpoking method

be stopp "a mfrom

¢

What have fou
done my

precious child?
'm never KKHin

S

He liles mrozeN
vroccoli !

pnce again ,oUr
sudyin does not
Pay off and wt feel
(ompletery unprepared

&
V




