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A Performance Equation of Bath Tubs

by

Byung Ho Lee and Jung I1 Suh

ABSTRACT
In this paper, a new performance equation of bath tubs has been derived, which is very
characteristically illuminating and in good agreement with experiments:
. k(Ap+4g) :

T= Ta+(To—Toe
where T is the temperature of the bathroom, 7', that of the bathwater at =0, k the
overall heat conductivity of the tub-wall, Ay the equivalent surface area to the wall,
Ao the submerged area of the tub-wall, M mass of the bath- water, C, the specific
heat of the bathwater and 4z the thickness of the tub-wall. Here the equivalent - free

L
MCpds ,

surface area is written as

A'r=mA;, m=oconst.(1—¢)°%:

where m is a numerical factor which is determined by a simple experiment and

some

calculation, ¢ the relative humidity and A, the real free ~-surface area.

From this study, it has been clarified that cooling of bath- water is mainly due to

mass - transfer through evaporation from the free surface and conductive heat loss through

the tub-wall is minor, which rather gaily mock at common sense.

The effect of keeping bathwater warm by increase of the tub-wall thickness is also
analyzed by a new idea of the thickness gain factor.
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M= 255X 10 gr
Ag= 15720 on
dr=10.7om
1980.10.4 &AH (T.=21C, ¢=80%)

Al & | T(Top shield) | T(Top open)

9:48 PM | 113.0°F(45 °C) |113.2°F(45 °C)

10:48 PM | 111.9 °F(44.4°C)|109.2°F (42.9°C)

AT )snera = 0.6C/ hr  4T) gpen =2.1C,/hr
ZF okl BEEmS B BABEE 0.6 C 7}
wHE Aolch zgx ¥ FA= 0.7cm

Act _ (15720)(3600)

= =0.317x10°
MCydz  (255x100) (D0 -317x10
_ kAgt
e MCpdx —g-0.317x10%
a0y To—=T _45—44.4 _ 0.6 _
R e T TR 7 S

b4 BHRA KA A
0.025=1— 0317 %103k
e—0.317 x108% — 0. 975 =e—0.025378

*of7] BEggald &+ dE AL XH KT &
HE gl (2.1—0.6)/2,1=71% (HHERE80%
da)she glebes Heolsh

** Kohler, M. A, T. J, Nordenson and W, E.Fox

Evaporation from Pans and Lakes, U,S, De-
partment of Commerce, Weather Bureau,
Res, Pap. 38. May, 1956
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L=(T+27316) S+ cal/gro& X}
7| S+ evaporation entropy ojw R
Steam Tabled] 4] 3] R & 5o gle),
P | 102 104 106 108
Stg(cal/ar) ,1.8430 1.8345 1.8261 1.8179
110 112 114
1.8090 1.8012 1.7930
ol X regressiond 4] HEY —KEKs RE
s
S¢g=—0.00747T+2.1333 cal /Cgr
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PEeLdz/k(T—T)=m
¢ T=45C| T=43C | T=41C|P¥Em¥
80 % 5.64 5.66 5.68 5.66
85 % 4.38 4.40 4.41 4.40
90 % 3.06 3.08 3.09 3.08
95 % 1.66 1.67 1.68 1.67
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q=j;LhP(T—T.,)dx

27 I (BARHE) o7 b+ film

coefficient °|t}. 2| & T—T.=0% Fod
#= fye~™*

2 —fger & 4 Ak 497 mE
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oleh bt Fim®l MHEE, Ave WEH=LPt
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o] gt EiNE MIEEEEO Mol A1 WiEol
A el ke MERAELE(EABEE
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A AL goleh w4 29 Hpedds B
sz g3 B AMEEI A HEHMEKE
a:= A EEE

q <,/ hpkA; 6,

o)},
23w H714 Rt RET Film coef-
ficient h2 Zr& EMES] BT + dv o 2
Mz utd F= "del Foh A74
m=,/AP/kR;, hP=m%A,
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(1980. 10. 84}) ¢=80%,

T.=21C
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2 5ok =2k me gutk Fin L9 BES
A K 4+ dowl HpaELES ERE &+
Ak o1F Bt =29 BERS Yt

T T5 Tl3-5
8:35pm113’FU5C)  84.05 75.8}
8:45 112.1 (445C) 84.0 76.2
9:00 1106 (436 C) 83.6|(av. 76.1 {av.
9:15 1096 (43.1C) 83.3 ?82.6°F 76.0 (76°F
9:30 108.3 (4240C) 83.1](28.2 76.0 |(24.40)
9:45 107.2(418C) &.6| C) 15.9

10 : 00 1062 (4120C) 821 759
10:15 105.0 (40.5C) 81.7J 75.8J
10:30 103.8 (39.9(C) 816 758
0_1,3'5 —_ 0Se-m(13.5—5)
6s _ 244—21 _ 3.4 _ ...
0s 282-21 7.2 °©

m=0.08827 cm™!
bl 6=(To—T.) g El okgloh
Tot HlESZ]7L sl & HY A gtEez U,
= B e~0-08827x
ol z=5cmd # 05=7.20°]7] = Tl
60=17.2e%98881% =79 ((6431)=11.2C
(Ty=21+11.2=32.2C=89.9F)
ool 4 kY gholth
Stainless Stecl o] A TR p=
ko=16.3W/mC =16.3(0.5792) Btu/hrft °F
=16.3(0.5792)(4.13%x10%cal /sec cm
=3.9 X 10"%cal /sec cm
o] g2 U4 Stainless #xel 0.6cm <) Polyure-
thane Foam<®] RS MEYT ERMEEK,
2] zt 0.80% 10 *cal/sec cmC &} wja sl 500
&7 & golch
B2 ALY gtolth o]RR 316x0.1=31.6
cm? (EAD
WE WS MELR o= MARME
a<mky A0, =0.08827(cm~1)(3,9%10~2cal /
sec cm £)(31.6cm?)(11.2C)
=1.2184cal /sec=4386cal /hr
o] B 4386/1.50X10°=0.03¢ Kigoleter

19814 3AH

—_T—

ojch wel4 BAKEA %3, BHI E@oE
e WmEaELS 3 B Skl 0.03C K
o |\ke BEHL AL wEoleh olv Wi
st EESHeh

V. BERe Rkel AHHEA

ol A BIMES EfErt BT TOR BiEkE
Rl A BHghigo s EHRMCE MELYA B
g + Adrh

_ ke +ap,
MCpdx

T=Te+(Ty— Toe
Ar=mA¢
=23.33(1— ¢)"® A,
5.1, iBkE 150/ ¢ BF
A¢=5,818cm?
A;=12,254cm?
T.=21C (Ty=45C)
@ ¢=80%q 3%
A =23.33 (1—0.80) %8 5, 818=32, 929.85cm?
A=A/ + A,=45, 183.85cm?
RA 0.80x107* (4.518385x10*)
MC, 4z 1.50x10° (1) 0.7
=(0.344258%10"*sec!
=0.12393 hr~!
T: 21 +24e—0.12393t
@ ¢=85%93 ¢
A{ =25424.66cm?
A¢=12254cm?
A=237678.66cm?
T = 21 +24 ¢~0-103345¢
@ ¢=90%4q 3<%
Af =17919.44cm?
Ay=12254¢cm?
A=3017344cm?
T = 91 +24 -0-082761¢
@ ¢$=95%4 A<
Af =10416.01cm?
Ap=12254cm?

(t A7
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A =22670.01cm?
T= 21 +24e—0.0621'08!

] B

@ ¢=95%
T=21424 g0057142¢

5.3, AEME %LU MR

5.2. k& 180/2 AL
2 olFBd HEL KRS e Fol 4

A;=6727cm?, w D'_"
A¢=13221cm?, -
=451 45
T,=45C &
Tn=21 C 44.
@ ¢=80% 43/ ¢=95%

Af =23.33 (1—¢) AF8=38074.82 cm?
A= A0+Af' =51295.820m2

kA _ (0.8X1074(5.129582X10*) - W Exp TN\ N6=85%
MCpA.’L‘ 180X105(1) 07 4OJ (]9&) 10.8 ‘ﬂ') ¢=w%

=0.117247hr !
T =21 4924 ¢-0117247¢

@ ¢=85%
A =23.33(0.15) %% (6727)=29396,99
’ 13221
A=4261799
T=21424¢7009742¢ (4 : 27})
@ ¢=90%
T: 21 +24e~0.075775t
160 ¢

T INF = T. =21 t=0 30 & 1417k 1 4] 7kt T4 7k
REL, HUM. = 80.0 % 45 0000 43. 5579 42. 2025 40. 9286 39 7312
REL, HUM. = 85 0% 45.0000 43 7814 42 6436 41. 5536 40 5185
REL, HUM. = 90.0% 45 0000 44. 0272 43. 0939 42. 1983 41 3391
REL, HUM. = 95 0 % 45. 0000 44, 2662 43, 5548 42. 8651 42 1965
T INF = T.= 23¢ ‘

REL, HUM. = 80.0 % 45. 0000 43.' 6781 42. 4357 41. 2679 40. 1702
REL, HUM. = 85 0% 45 0000 43. 8921 42. 8399 41. 8408 40. 8920
REL, HUM. = 90.0 % 45 0000 44. 1083 43 2527 42 4318 41. 6442
REL, HUM. = 95 0% 45. 0000 44. 3273 43. 6752 43 0430 42. 4302
T INF = T.= 25¢(C .

REL, HUM. = 80.0 % 45 0000 43. 7983 42. 6688 41, 6071 40. 6093
REL, HUM. = 85.0% 45. 0000 439928 43. 0363 42. 1280 41, 2654
REL, HUM. = 90.0% 45 0000 44. 1893 43. 4115 42. 6653 41. 9493
REL, HUM. = 95 0 % 45. 0000 44. 3885 43. 7956 43. 2209 42. 6638
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T INF = To= 28C
REL, HUM. = 80.0 % 45.0000 43.9785 43,0185 42. 1161 41, 2679
REL, HUM. = 85.0 % 45. 0000 44. 1439 43. 3309 42,5588  41. 8256
REL, HUM. = 90.0 % 45 0000 44. 3109 .43 6498 43,0155 42 4069
REL, HUM. = 95 0% 45. 0000 44, 4802  43. 9763 43 4878  43.0142
T INF = T.= 30C
REL, HUM. = 80.0 % 45. 0000 44.0987  43.2516 42. 4554  41. 7070
REL, HUM. = 850 % 45. 0000 44, 2446  43.5272 42,8460 42,1991
REL, HUM. = 90.0 % 45. 0000 44,3920 43,8087 43. 2490 42 7119
REL, HUM. = 95.0 % 45. 0000 44 5413 44,0967 43 6657 43, 2478
180 2
2ND DATA SET
TINF. = T= =21C To 30 & 1A1ZF 147k A7k
REL. HUM. = 80.0% 450000 43 6335 42, 3448 41, 1294 39, 9833
REL. HUM. = 850% 45 0000  43. 8591 42. 7724  41. 7373 40. 7515
REL. HUM. — 00.0 % 45 0000 44 0869 43. 2085  42. 3636 41. 5508
REL. HUM. = 95.0% 45.0000  44. 3361 43. 6905 43, 0628 42, 4525
T INF, = Te= 23(
REL, HUM. = 80.0 % 45 0000 43 7474 42. 5660  41. 4520 40. 4014
REL., HUM, = 85 0% 45 0000  43. 9541 42. 9580  42. 0092 41. 1055
REL. HUM. = 90.0% 45 0000  44. 1630 43.3578 42 5833 41. 8382
REL. HUM. = 95 0% 45.0000  44. 3914 43.7996 43 2242 42. 6648
TINF. = Tu= 25C '
REL. HUM. = 80.0% 450000 43 8612 42. 7873 41, 7745 40. 8194
REL. HUM. = 85 0% 45 0000 44, 0492 43,1436 42 2811 41. 4596
REL. HUM. = 90.0 % 450000  44. 2391 43.5071 42 8030 42. 1256
REL, HUM. = 95 0% 45 0000  44. 4467 43,9088  43. 3857 42. 8771
TINF. = T.=28C
REL. HUM. = 80.0% 45 0000 44 0320 431192 42 2583 41. 4465
REL. HUM. = 85.0% 45 0000 44 1918 43,4221 42 6889 41. 9906
REL, HUM. = 90.0% 450000  44. 3532 43,7310 431325 42. 5568
REL. HUM. = 95.0% 45 0000  44. 5297 44. 0724 43 6278 43. 1955
T INF. = T.= 30C ‘
REL. HUM. = 80.0% 45.0000 44 1459 43. 3405 42 5809 41. 8646
REL. HUM. = 850% 45 0000  44. 2869 43.6077 42 9608 42. 3447
REL., HUM. = 90.0% 45 0000  44. 4293 43.8803 43 3522 42. 8442
REL, HUM. = 95.0% 45.0000 44 5850 44.1816 43, 7893 43. 4078
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o7 FrElvh
ool EBol A% Stainless bath Tub 9
2.2 FEE] FHENRRAY o3 ek
150/ 8 7 %9 Gain Factor G:
Ar/ Ag=5818/12254=0.4748
$=80% : m=5.66

G= (1—%)/[m(Af/Ao)+1]
=( 1—%)/[5.66 (0.4748)+1)

=027z (1-1)

¢=80%, G=0 (n=1)
=0.1356 (n=2)
=0.1809 (n=3)
=0.2034 (n=4)
=0.2170 (n=35)

$=95% G=0 (n=1)
=(0,2788 (n=2)
=0.3720 (n=3)
=04183 (n=4)
=0.4462 (n=5)
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el vige] ogA [ Lbshe 7hE wHAEIR
i 15079 A4S
$=80% T.=21C
*suffix 12 147} Hke 5
dxr—
; 4a G G(T— DT +4T) gain
n=1 0.0000 | 0.0000 | 42.20¢C
n= 0.1356 | 0.38C | 42.58C
n=23 0.1809 | 0.51C | 42.71¢C
n=4 0.2034 | 0.57C | 42.77¢C
n=>5 02170 | 0.61C | 4281C
$=95% T-=21C
Aﬁ;; G |G(Ty= T T+dD gin
n=1 0.0000 0.0000 | 43.55C
n= 0.2788 0.40C | 4396C
n= 0.3720 | 0.54C | 44.09C
n=14 0.4183 0.60C | 4416C
n=>5 0.4462 0.64C | 4420C
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