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$ XL ^ #

3 , ^7 y ^4" >#@0—#6 LT, A##mH7'y xf^6 LT®@

%-oT,

##^6U-5#A^&6o L^L,

##Wc®

y7°2#;§6 T& 0 , y ^ y

C0^M(C#^am(D^U,

-3f:@T, ^#30^c#:((:"7UT##-#-6o

ms#2g|3 # ± <% g|3

A ^ ^
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^ ill 0#
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m m
Ba%49^gj;(35i^maT34#(cm(9, r@##mzk#^y ^y^f^gm^j 6T, T

:B®##KcUT,

(l) g#$:Kzkm^#mf 6 6#0#^
(2 ) *#%y

(3)
(4)

(5) ^ A

(6) @ 5 c 6

C 7 ) 7k# @ cm %

(8)

J%T®ck9%##mK#U/:o
( 1 ) 1990 - 2000#: K K ck 6 ^ V - y J: ?' K^: 6 of V\ f 06 Aa&zk# 8

##fbf6o ^m, Ky/f K&

6#fr^-Wr"C#)65"<AT&5o
(2) ism^, mw#, zk##^&, ##&,

a,,

%KU, ap^ij, #^K#ff"<AT^5o

^<LT, mm52^gK(im#m^7k#^y^@^f;6, ^

^Zk$#$A^y7"0#m,
BB%534W(:&(,n:u, ±#a^f;^y^(D%#m#,

^C^K^Tk#
#K^yy##g;®##®m^KmA^A, c#a#frLi:^#:7kmmm0mij 

#&K-oUT0#^^#)6TA/:o ^zk^^y^K"3^T(j:,
^y^mim^#m(Z)Ei@]^f;mu, ^^^W&^y^Kow-ui,
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i.

C# a]

#^g^fpuyz^^A#7y7^, yy^ y-y 3 y6®-m&##a(cUT&5
U^L,

1.1 y ^<Df4f£<h^(D&S$

^K^f;L//:^A#7y7(i, M##70^ , %^6x-/<"-/Tyy^. y-ys y@z:mW&#a 
(Hg%52^####M)((:LT^,a^, %(9djLO0#(i, 100

mm6l&<, T^,
LT&O, $/:. 7y7T@gK^^A#%(0mU/^

y, &[;##, h&mw-f u, h/fy-T^ac
6KU, mi-1ia(C^:f j;9K^U/:o %^A#@m^m(i, 18 4^, ^5.7^/clay6yz

-?/:o $/:, A^K^fpL/:%#:A#^y7°^#AL/c##-C(i, 7y7p^##:A#®^

7y7#^^b®##A^#*:K 
%#:Amm(omLo, ^yy#Ag;^>)®m#A^,A:^®7o^&<^

%-DT, %(omua^^om#A^#^^±f6ck7K, ##a^T^a/c 
y-/J^< U, MK, %(9muoo7yyy^/J\^< U, ^yy#A&^^K-o^-c

$), MK#^^m^ac6KLT^ao %&, ±:aRi#0m6Kj;(o,
^ y 7 a a C66 U/:o

^aa, A^E(c%dj^^a^#*^6^7#^^^m^#y"ac6^T#yz^o %-o-c, -eo^ 
6L%, ^0g^^7'a-^7$-^fK, J:y>7y(C#$AT^a(f, a%#%<%a@T, 

^#%Aac6^{ja#T^ao %®j:'5^c6^#x.i3^Lao

(a) 7y^^^^7'D-^-7U/c^#:A#^, 7 7;i//\< Ky/f KICM3-th J:y^y^gWp(C

fm^Kck-DT, c6^-r#ao
(b) ##:A##^^y7°^#mAa#^, ^y7lc##L/:^#:A#/z)6|7g0E77^^(c^/: 

a6, #%, aWE#^f;#U, %E®%#:A#^/:(d:M<l:A#^7y7MK#AAa^,
7;i/^-##^L, &^Am#m^y7"(i^#:A#®AoE66 

#)(c, %lb#t)^taay%f AKfao &%#, h6,
$ < TAtf &(D6#A^fLao

1.2 > ^«*a5feoainw%#

^g^EL/"c##:A#7y7®##A^%U, #1-2g|KAAj;7K, 7y7±gg#Ogg(Qci),
7 y7T3B0W;AmiR(3#L/^7%Q,2, u/c ) , -fd?- KQc3.IB7/f
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2 2#:;

Qe2

T^m#%vmLa

#eA#%ia



#T66o L^L, 7y70^#@^iB)P^g|3##gK#Af6#a®#l##^^,##A#%l^#S®^

m#yic66#^5o
u$, wm##6UT, 7y7^mm®^mTi^3ooK, m^###®^KT2^2OKT?#)K0K^a 

6KUT, ^#Amm^bO##A, &CfA#A#&#^##WCMKf66, RT®j:7K/Z6o
(a) 7y7±^d@|3^b®#A Qci

##(iSUS 304T, ^#74.1^, m@72.1^, m$ 200rnrn

$/:, SUS304T®20K^&300K®fm@4^#m&##U = 0.109 WA;mK

Qd = Y-^Tl-Tg)

/^ =-^(7-41'-7.21") - 2.30cm"

0 Qf|
A Q,1= ^ X 0.109 x ( 300 - 20) = 3.51W

(b) #%(0AL^/f7°^^®#A(^a) Qcg
##(iSUS 304T, ^#8^, m@7^, m$(i700mmT^6^,^m^Am^A"oT^T^6

b. LT, & = 350mm b~t hD

/4 =-^-(0.8"- 0.7') = 0.12cnf

0 1 9°°° #x 0.109 ^ (300 - 20) = 0.104W

(c) -th^-h^^O#A Qca 
##(iFRP#m, ^#28^, mgl8^, mZlOOrnrn

/4 = 1.8") = 3.61cnf

7 = 2.57 x 10"' %/cmK

Q,3 = ^ x 2.57 x 10-'x (300 - 20 ) x 5 = 1.30W

Q,3 = 130 x -^- = 0.52 W

(d) ##K:j;6#A Q,
X — / x° — y -y zl \y — '>3 y (T)-^.

% =3.14 X 10-'W/cm deg^f 6o J#$U:20mm6f 6o

2 7c 1 ( 7j - T2 ) L
^ In r0/ T{

— 8 —



L - 74cm, tx = 300K, Tz = 20 K, r0 = 17.5 + 2 = 19.5cm, n = 17.5cm

. ^ 2^ x 3.14 x IQ^x ( 300 - 20) x 74
" In 19.5/17.5

4= 0.379 W

mMT# ca ),

A = —- x 352 4= 962cm2

- = y x 3.14 x 10-?x(300 - 20) x 2

= 0.0846 W

4= 0.379 + 0.085 = 0.464 W

(e) L-C®m#A Q,

qg = 0.014 x A X^~-X a0 X —*■■ ~ T<1 X P 
r ~ 1 w

A : ( cm2)

r • c/> / co ( = 1.4 )

®o •
? :E^7(Torr)
T:mg(K)
m : #

ff|j l|l (7)/c i6 , v4 = Ah = Ac — tu D L , a — aH — ac — \ <h. )

#=28.8
A = x DL — 7c x 35 X 74 4= 8136.7cm2

Qg = 0.014 x 8136.7 x 1 x^"^ x ?

4= 35654.43? (W)
1 x 10-=Torr6f ,

Qg 4= 0.036 W

j; cT,

Cl) a%3a#(Z)##A#a

@r = 3.51 + 0.104 + 1.30 + 0.464 + 0.036 = 5.414 W

(2) gtama,
Qr = 3.51 + 0.52 + 0.464 + 0.036 = 4.53 W 

mnmSOA&ami&U, 77.5*6%-3f:o
'Bo
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2.

C£ E)
K^#)/j^<, %-3-c, %#E

(Cck'oT#M]f6C6(j:-C#yzWu ^C-cy;i/-7j%.T)A0MK^I:((:c(;5@%#0^b^^&UT, % 
# 6 C 6 6 L /:o

Jtg0#U (0.07)%#:7K#T^, ^

^,T05o U^U, C0#M^^TemLT06^fP%^#^y^0#A, %M2(i,350irni6/J\ 
$<, ^0ck-9^a#/J^AEK^UT(j:^mf5c6^-C#^U (^/!<6%)500mm(d:^#)o 

^ c y ^ m0#(@Mg(i -253°C-^T&6#, ^ A <
^-3^05 6 0? caK#g UT, 6f

/:36((:@%0^i:mfi (#AT^3^; ^y^m0-^^#0mm(c(i^mT#6 60 3
j#j@L##i3fLf:0-e, C0$f^#2-1|gic^f^<, ^y^*0mE^[6]K, ±gg, 

03amKML,

#2-2a(iy^7ZLT) A@^#f0gg-@%#^y7
%2-3|g(j:aA@m:$f 0^g-@R#^yy 7^-^f mS0A^y;i/7^9A j;(9^^T06o

^-oyafyf ^2-4g|K^:f j:9(C,

^I< wc< 0C
J21±a&/</:j;9K, @iS#Tab^, jtm0#0^zk#0^@^m(i^^:^#L0##-c660-e,

LT, 2 & C 6

a )o 3 %, Mw&0msmm6 <b ^ u
T##^LTW)#/:0o
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3.

^--7Dy®7/f±6, SP-220b°%hy&c;t:° 
xhy'Jy7''®mA#d#:&###^W:o U^L,

U, ^ yyggj; D ^ y ^ U/:@T

3. 1 ##(%##
^#:A#^#-3T#A^#^fT7#uK, %#:zK#j;i9Zmg, , ck

#%##^7y7'A(c, A^g

^fpU/:^zK#^y7°*#:0i##gg-e^a^%hy, y;y7'7^fK#MLT,
^wuWTwm,

6 j; 7 K,
^3-1|gKAf ck 7 K, )%#:zK#^y7ll^#:zK#7 y 7}4^1$Af 6 C 6K j; r)T,

^y7^mm0&g^##:AmK^^/:o ^EmKim^TUak°%hy^6U/:o b°%hy 
7 7y7##T&5^)6, tfxhyKm'JE^mL, 7^f6##<^®^6c6K^ 

6®T, g|K^f j;7(C7a%^'y #JE(ic®7o%-\.y %AA#^rE#f

5kfx|'yK(j:#JE^fpmL7i^j;7KL/':o m#^-7(C(i3C&100V, 65W, l,500rpm®t-7^# 

mU/:o t-707'7yg|6&%A^T(7)A^^, g

^y^d;0g&a/f/f *3-2gi(c^f A7K, #yy
y'Jy^i^(c#iA^#, ^3-3|gK^fj:7K, E#tf%hyKck^T^]E$#, ^^A#;gE7y7 
(l4##200cc; MK#LA^#6o
j:y^y^(i, c0^#:A#^E7y7iBg|3^^, ^S-llEIKAAck-zK, #r#h7y%77-f-zL

-A -r^^ao #^Am#E^y^(i, ^y^yotmem,
gib LT^m^A##^## L/:#A(C & , 10-11 kg/cm' ®E;%&##"?# 6 j; 7 K, |^ LX ^ 

K-7UTU6^E^pT,A^/I#^zK#^7 y7 0*K^#:(D^^ (Hf TU5o ^3-4|g(C

ZMWIX, ^fc(9#)#W:)6K, #^A6SP-22^#mL^6C6,
66LT(i, SP-22(m#(CE-;#<, g^U^ALV:36,

^yy®k"%|'ycD^#x%hD-7(i, #M#l,000cc®^y^yT, S.SOOrpmAM^'TCO^AA
— 16 —



'h



m

00
&
*
Ml
itro



a

- SP22)

BZ-m ttfctitifrf!

— 19 —



(Xf

mm# (SP22)

mm#m%yv >/
(xf >i/

?&#:7K# ^ ^ (1 kg/cm^)

*3-4® mm#



####%500cc/minT&SOT, &^&ATl,OOOcc/min ^ ft, 15 ^x 4mm i L/;0

f o%n y HC(i, : 330mm, : 6^, M# : S^O^-fyy^^/f 7"^#mU^o

3.2 tf:/7SMW®jl£<fc*0M*
b% hy&c;b°x h y') y/, 7 4"

^035, (3)0/7 y^^a/^y^CD^A-Wr/cy-^,

#y A:#^T&ao @g3-5g|Og|@(C^W-C,

(1) 7^f!CSP-22 (T^y#m#-#'x#mu, k"%hy&c;b'x|'yi;y/ic^^^m

L/^li.'o'-tiro
SP-22A#^K^b^^,,

(2) 7^/K%fyyx(SUS 304 ), kf%hyUy/(Czi.zL7oy, b'%hy(ceSA^-#^UA:
ll^-febo

y (sAb'y. h y 1; y/'r##^L^'r7o y-<-x(c^/^^ 

/, %%<btV7'/y#^^^%#L/':#)0) y/(C#mL^6C5l#^%y^T^'3/':
Ai, zL-7ny0##gM# (60X1Q-V°C)^, xfyyx (1.7lxiQ-y°C)03.5#%)&6 

^:36, E^yiOkg/cm'mm#b^:^,

(0, %ayg^#01/8L##&tl#;6>-o/:o
^of \T&K^:6 j; -5(c, 7^ f o%/y ^7.6 v y/o^--7 o yo

|£ A 5 C <h i)$~T:' ^ t£fy -o tz0
(3) T^--tf^^y^yo##@#^mo/7y>;+,

may+#6m:bfU:#, 5##go#i%T, 7°7y^+6^y;i/^%#v^i:L$^/:o

(4) y^f^bxi'yijy/K^^K^.-yoyMo

7/ffmm^l5^^>)18^K%^U/:C(k^^-o-C, m#yB##01/2@K#b>fU: 

7<±, vy/6%)(c^m^A#<, #A#fmyi5H#^mgT,

$/-(:, Vy/#^2#(CL-CUy/^2AKUTA/'c^,

%r)T, ';y/yi$6LT,

(5) b"7hyKSP-22^mo, b"%hyg#:KVy/om#^fc^^o

zLjz7Dy|^±Ty^^AAOOT, COC6^#AKA^l, SP-22Tb'x|'y^fp(0, b" 

7hyg#(CUy7'0%B^$-Wr6j:7, b"xhy±gp 7/f±m'J(C^@0.3mm, m^3.5rnrnOU 

v/^mu, fyy3y;y/-e7^fm'J(c^f66%)ic, %#:A#^E^ti6 6, mc-eo 

EArry/f f Kf#L#y U/:o

SP-220#W#^A#MKTT^0@gA#^Ta5^/:^, E^(il0

kg/cm2, dfim(d:g^fitOl/2^;£-ti:titi U/c0 LjfaL, 2 ') y /WcfiJtlj&s£

DT L$ -o/Co
(6) 7^/Kzi.^7Dy, b'xhy^b%hyi;y/((:SP-22om^o

sp-22 mm^#m37xio-y°c)^mL, mB^mm^mKAaTAoEu^mL/:#

21—
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j2(±0^#^i3, cfi$T®6c6,#^m^#®&5#@®#A-Wr(d:, ^/fiMCzz-z^ny, 
h y&c;b°x h y V y/(CSP-22^^mU/"c^®T&aC(h^^^^/:o

3.3 #%#(&%#

^yyg|3y';yyM(c^#:^(#^#^^aT, EA^±#L^^6^9#^^6A^#^D/:o C0 
#i@6LT(i,

L/:6C6, yVy7'mK%#A##Aaj:

fCT, #A#®#±ggK, #3-5EKc^fj;3K, 7y7M^
Ikg/tm'K^ELT, X7"%^^m^'^y^#y"6c6(Cj;y, y; yym(C^A$^Ay^<^ 

y, #^KE;%#±#5c6bW)-oA:o
-ofZ-o

3.4 mmmw&o&m

<^K, m#^7y^##s;(cMUT, a#mm^y;;y®?7y?#mc^-&Tmm-Lf:f:a6, #%u 
(igg3-60(A)(C^f j:3(C, S55C^ 7 y ^ y i- 7 h . V y/&#Wcfi8&:] y o v K^mL/'Co 

^xhyFg|36D7D^o.yK#K(d:0-'Jy/^#AU, ^^hy0E^m#66^K, ZMKgG&j# 

#3-&, 77 y^^ggK^o/c^KMALyc^i^A^^A^^yygp^mfacD^iBWco 
co#^, @%&=]yo.y K®A)G^, ##^K®A"C^<#@U/:^6,(B)ia(Dj;9K, ^ycy K 
& S-45C tc L, A5$jt$ , □£ <t b , ®#S7" v y j. ( ^jS0.5mm) ^r}^A Lfcftgjp:, fats; {9^.(/',(f#A

$A, aO-U y7'SPJ;(D, y-Mm#^75A%f:<&&, #m"#A#7K0-V y/SB&mm
U, 7o^n.yK(Ozt)(9, fnxo.yK^&oy-a#.^

^yy^f;#$#ac6^T#^<^'3/:o -ecT, 77y7m#^®#Tm#"fb^#x.,(C)0(c
^^^®^^SP-22K^x., 7'V%^SP-22y7y^.@|3, KgpK##Lm^

W:6&5, /WgPA7y^(SP-22)^+^#A%^^r)/:^, A^7''yy^(i,
(fL<,

##K/J\%gP7'7y^(i#m®##^^®$$^mL, 7 7y7T"-^^A#
< LT, ^.- P^T V y/^## LAo =» y o v K&C^^ 7 yf y-t 7 h

(RHC50j^±) ^rL, -<T V y 7''5G&Cf##ai3((:7' V ^^m^LT^L/'c 

7 yf&U^yT^EAE^IC^f a^AmaUT#, 7 y7l4EA^1.5kg//cm^±(cyi^^#/^,

23 —
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7 ^7/^7 U

S45C n > o y K

S55C^7> f i/^7 ^

SP227

S55C^7>f

S45C 3 > o v K

%T>y x

*3-613(0
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X X X h "<7 V > /

x^7/i^<7 V

zz— K/l^<7 V >/

S45C%Afl3>o v K

SSSCmAfLfxz/fy-v? h

zz— K;i^7 V >/

S55C&%Aflf X^f ^7 h

S45C#Afl3 > n y K
Xf > L/X 

SP227vi%zL.

*3-60(0)

27



3&K, 2.2kg/4:m'-C#^f6j:7, 
^yy^-o^-cd, #yy##c##*#;#E

fyftc, Hkg/cm^TfP#f6#E^6 6^(C, 15kg/cm^fP#f5^A#^^y^^K^y,
0 < ZLgK UT#^ U/:o

m3-7|gK*ef^K^WT^L/:^A#^^fo CfUi, (i^a0^$^x.6c6Kj:^T, #m

^3-8g|U^yy^#EI, #3-9|gM#;B2 y? KM-3#T##4]®#y:/^fo 
^±Kj;(p, #^m^^Ef6diyy6LT(j:, ^^19

#^%O&5^yy^-0^f6C6^T#/:o C^^ig^6LT, $^K^y7°®m#(!:#A, E$g,

^El 50-60kg/cm')0^y7°^/j:^(C[q]r)l:,
& 6 o

28 —
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4.

h 7 7 7 -f-jz -7'0*^(CZL - 5 c 6(d:,

4. 1 y?ES$iJ$];5&<DtEiE
h 7 y% 7 7 -f 7

6f66, /"c)6K, #KgJ#-f&W%K:-g|3
#%ibf66U7#^^c(9,

##Kaf 62:0^6^: (9, #Kj:r)TC#^ei#f6c6W:^;pI#T6r)/'Co j;^-C, %{^*#7 

77i^®ME#(cj;^i:gA^M#L^—y>^y- 
^3 y^#mu/:#ie® h7y%77-f ^-7'T#]^^y^(c#A, ccr^x/fbUZ-c^EM#:*# 

±:atoi#®#^®i'7y^77-fzL-yT####(c#^L, 

f 5 C66 LA:o

4.2 h:7 2yX"7 7 —j~ a—7'(Di^fjE
*^K^#U^:l'7y%7 7-f'^-7li##:zK#^^7°j;(9^^# (3^1#i) %7i7y^o%^zk 

A6 LT^fp Lfc%)®T. W&E;Wi%#:/K#7 y ^ M®^#:*$^y7"Tg|5((:%^'^y^ 

/:^E^ 7 ^®^E#-C10-llkg/cm'(C^E^^5o ^A#(:c®^E7 77^b, %W<m#y 
7"6-^K#^/:T6^T7 y 7p^K#A^fi5 h 7 y^ 7 7 - -7lc j: -oT (#4-1 |g;. ^#: 
A% 7 y 7 71- (c^[ cx A ftiBt\;%> o £- © ^y^yr-f a - 7 (ti m^] (c tjniP j; 7 (c, ^FSti A— ~ h"

C(D--K;i/#(i#4-2^((:^:fj;7(C,%^#f##^6^:"3l:^"C, %hv

7°/<;i/7'0%B^r^f o
7 y 7^G)#m$#/:^A#(i#4-3|g(c^:f &#:A#M<bK7 7 7

5,500rpm, ^##@^7^7#^##^^, ^^A#^^^#$ATA5«j;7K, 

Mg#(i600cc (C%^T(^&o #4-4|g(l&#;A#Mib#^7 7 7^6^1^#^®^# P y7%77- 
f zi -7"^U, # 2mgKvi/#^%b)"7y"b#TW6o #4-5g|(j:^y >;y#M^(C#4
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