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2. 

In t roduc t ion  

The des ign  of a hea t  exchanger f o r  removing MSRE thermal power w a s  based on 
u t i l i z i n g  as much as poss ib l e  the e x i s t i n g  f a c i l i t i e s  and equipment i n  the  
A i r c r a f t  Reac tor 'Tes t  bu i ld ing  7503. 
motors, ducting, and a s t a c k  f o r  discharge of a i r  t o  the  atmosphere, an  a i r -  
cooled c o i l  o r  r a d i a t o r  seemed t o  be most f e a s i b l e .  

-_---------_ -__-_-_----_ 

Since these  f a c i l i t i e s  included blowers, 

Because the  secondary p ip ing  system of the  MSRE, of which the  r a d i a t o r  is a 
pa r t ,  w i l l  con ta in  a LiF-BeF2 sa l t  mixture from which the  r e a c t o r  hea t  is t o  
be ex t rac ted ,  t he  design e n t a i l e d  determining t h e  s i z e  and conf igu ra t ion  of 
t he  r a d i a t o r  c o i l  based on the phys ica l  p r o p e r t i e s  of t h i s  s a l t  and the  amount 
of cool ing  a i r  a v a i l a b l e .  
ing  frame work-insulated enc losure  f o r  t he  c o i l .  
mixture f r e e z e s  a t  about 85OoP, provis ions  were made f o r  supplying heat t o  the  
c o i l  t o  keep t h i s  secondary salt f l u i d  dur ing  r e a c t o r  down per iods .  
of a i r  flow r a t e s  over t he  coil, necessary ba f f l i ng ,  and duct  modi f ica t ions  
were a l s o  determined. 

Also included i n  the  design was a n  i n t e g r a l  support-  
Because the  LiF-BeF2 sa l t  

1 Control  

1. Secondary S a l t  Flow Rate 

The secondary s a l t  which w i l l  remove hea t  from the  f u e l  s o l u t i o n  i n  the  
primary h e a t  exchanger and rejec: hea t  t o  the  atmosphere i n  the  r a d i a t o r  
w i l l  c o n s i s t  of a mixture of 66 mol I LiF and 34 mol 7, BeF2. 
ope ra t ion  a t  10 Mw thermal power, t he  secondary s a l t  temperature drop 
through the  c o i l  w a s  s e l e c t e d  as 75'F. (llOOoP i n l e t  temperature,  1025'F 
o u t l e t  temperature.)  The flow r a t e  necessary f o r  10 Mw heat  t r ans fe rence  
capac i ty  w a s  found t o  be 830 gpm. 

For MSRE 

2. A i r  Flow Rate 

A i r  w i l l  be suppl ied  by two 250 hp a x i a l  blowers l e f t  from the  ART program. 
Each blower i s  r a t e d  a t  82,500 cfm a t  15 in ,  water  s t a t i c  pressure ,  o r  
114,000 c f m  f r e e  a i r  de l ive ry .  For 10 Mw r e a c t o r  power operat ion,  t he  a i r  
temperature r i s e  a c r o s s  the  c o i l  w a s  s e t  a t  200'F. 
temperature of 100°F, the  temperature of t he  a i r  l eav ing  the  c o i l  would be 
3OOOP. For t h i s  a i r  temperature r i s e ,  164,000 cfm of a i r  w i l l  be requi red  
t o  reject 10 Mw of thermal energy t o  the  atmosphere. 

Assuming an  a i r  i n l e t  

3. Coi l  S i z e  and Configurat ion 

The c o i l  s i z e  and conf igu ra t ion  depends on both the  secondary s a l t  and a i r  
flow rates, A f i r s t  estimate of t he  c o i l  area requ i r ed  was obta ined  by 
assuming an o v e r a l l  hea t  t r a n s f e r  c o e f f i c i e n t  of 55 Btu/hr-'F-ft2 and so lv ing  
for  A i n  t he  equat ion  

m q = ut 
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where 

q = r a t e  of hea t  t r ans fe r ,  Btu/hr 

U = o v e r a l l  heat t r a n s f e r  c o e f f i c i e n t ,  Btu/hr-'F-ft2 

A = hea t  t r a n s f e r  area,  f t 2  

Atm = log mean temperature d i f fe rence ,  O F  

- 1025-100) - (1100-300) 
1025 - 100 Atm - 

In 1100 - 300 

(10 Mw)(3.415 x lo6 Btu/Mw-hr) = (55 Btu/hr-ft2-'F)(A ft2)(862'F) 

A = 720 f t 2  of hea t  t r a n s f e r  su r f ace  area needed. 

For '/* i n .  OD x 0.072 i n .  w a l l  tubing, t he  su r face  a r e a  is 0.1963 f t 2 / f t  
length.  Therefore, 

= 3670 f t  720 f t 2  

0.1963 f t2/f  t 

of tubing would be requi red .  
gave a t o t a l  of about 122 tubes.  
ductwork and because of t he  phys ica l  layout  of t he  r e a c t o r  secondary salt  
system piping, an  S k h a p e d  c o i l  of 120 tubes, each 30 f t  long, was proposed 
f o r  c a l c u l a t i n g  the a c t u a l  r a d i a t o r  performance, The 120 "/+ i n .  OD tubes 
were arranged i n  10 rows w i t h  12 tubes p e r  row wi th  a 1% in .  squAre p i t ch .  
Tube rows were staggered.  

An a r b i t r a r i l y  s e l e c t e d  tube l eng th  of 30 f t  
Because of space l i m i t a t i o n s  i n  the  e x i s t i n g  

See Figs. 1 and 2. 

The sal t  film hea t  t r a n s f e r  c o e f f i c i e n t ,  
equation2, w h e r e  t he  s u b s c r i p t  b r e f e r s  o the bulk temperature: 

was c a l c u l a t e d  from the  fol lowing 
i 
i 
i. 

b 
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2, 

4. 

- 

3.5 Btu/hr-f t2-OF/f t )  

3 

Q . 4  

where 

\ = l i q u i d  f i l m  hea t  t r a w f e r  c o e f f i c i e n t ,  Btu/hr-ft2- 'F 

D = tube i n s i d e  d i a .  f t  

% = thermal conduct ivi ty ,  Btu/hr-ft2-'F/f t 

G = mass ve loc i ty ,  l b / h r - f t 2  

p.,, = v i s c o s i t y ,  l b / f t - h r  

c = s p e c i f i c  heat ,  Btu/lb-OF (at  cons tan t  p re s su re )  
P 

I' 0 -606 i n .  ) (830 gpm) (60 min/hr) (8.33 l b / g a l )  (120 l b / f t 3 )  

(12 i n .  / f  t ) (62 .4  l b / f  t3) (22 l b / f  t - h r )  (120 t u b e s ) ( 2 ~ 1 0 - ~  f t 2 / tube )  

( = (7"i'50)Oo8 = 1290 

and 

(0.023) (1290) (1.665) (3 4 B tu /h r - f  t2- 'F/ft)  k =  0.606 i n .  
12 i n . / f t  

5 = 3420 Btu/hr-ft2-"F 
I 

The a i r  f i l m  hea t  t r a n s f e r  c o e f f i c i e n t ,  hm, was found fx'om the  fo l lowing  
equat ion3 where t h e  s u b s c r i p t  
e s t ima ted  t o  be 900°F; 

f r e f e r s  t o  the  a i r  f i l m  temperature,  

~~ pd I 

i 
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hi2 
5 .  

where 

h = air film heat transfer coefficient, Btu/hr-ft2-OF 

Do = tube outside diameter, ft 

kf = thermal conductivity Btu/hr-ft2-’F/f t 

c = specific heat, Btu/lb-PF (at constant pressure) 

p = viscosityj lb/ft-hr 

m 

P 

= air mass velocity through minimum flow area, lb/hr-ft2 
GIMX 

( ?>1’” = [ (0.2598 Bt~/lb-~F)(0.0854 lb/ft-hr) 0.0320 Btu/hr-ft2-Op/ft 

/3 1 
1 

( F) = (0.693) /3 = 0.885 

( = L1°’6 (0.750 in.)(6929000 lb/hr) 

(12 in. /f t)( 23.5 f t2)( 0.0854 lb/f t-hr) 

( = (21,600)006 = 398 

and 

0.33)( 0.885) (398) (0.0320 Btu/hr-f t2-OF/f t) h = (  A. m 



6. 

h = 59.5 Btu/hr-ft2-OF . m 

. The o v e r a l l  h e a t  t r a n s f e r  c o e f f i c i e n t ,  U, w a s  then  determined. 

where 

- -  a x - thermal r e s i s t i v i t y  of tube w a l l ,  - hr-DF B t u  

- -  1 - 0.000292 + 0.0168 + 0.00171 = 0.0188 
U 

and 

U = 53.2 Btu/hr-ft'-OF 

which a g r e e s  c l o s e l y  w i t h  the  assumed va lue  of 55 Btu/hr-ft2-OF. Therefore, 
t he  assumed va lues  f o r  tube length,  arrangement and c o n f i g u r a t i o n  were 
accep tab le  

The bulk  secondary s a l t  and a i r  temperatures were taken as t h e  a r i t h m e t i c  
average, g i v i n g  1062.5OF f o r  t h e  s a l t  and 200'F f o r  t he  a i r .  The temperature 
drops a c r o s s  each  f i l m  and the  p ipe  w a l l  were then ca l cu la t ed .  

"F 
S a l t  f i l m  A t  = x 862.5"F = 13.4 

0.000292 
0.0188 

0.001 1 Wall A t  = x 862!.S°F = ~ 8 . 4 ~ ~  

A i r  f i l m  A t  = - o*0168 x 862.5OF = 7 ~ 0 . 7 ~ ~  . 0.0188 

i 



The air film temperature was calculated to be 1062,~ - (13.4 + 78.4) = 970.7"F 
as against the assumed value of 900'F. The corrected air film heat transfer 
coefficient then becomes 58.4 Btu/hr-ft*-o 
coefficient 52.4 Btu/hr-ft*-“F. 

F, and the overall heat transfer 

The secondary salt pressure drop through the coil was determined from the 
following equation:* 

Lst = 
fG; L n 
%@ at Psi J (3) 

where 

npt 
= pressure drop, psi 

f = friction factor, ft?/in.' 

Gt = mass velocity, lb/hr-ft* 

L = n equivalent tube length, ft 

g ZZ acceleration of gravity, ft/hr* 

P = density; lb/ft" 

D = inside tube diameter, ft 

&at = viscosity ratio, dimensionless 

and was found to be 

Apt = (0.00029 ft2/in.2)(3032 x lo6 lb/hr-ft2S2(33.75 ft)(l) 

(2)(32.2 ft/sec*)($OO sec/hr)*(120 lb/ft3)(T 
psi 

ft>(1) 

Apt 
= 21.4 psi=. 

The air pressure drop across the coil was similarly determined, using the 
following two correlationsj5 



U and 4 
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where 

f = friction factor, dimensionless 

D = transverse clearance, ft 
C 

= fluid velocity through minimum flow area, ft/sec 

p = fluid density, lb/ft' 

p = viscosity, lb mas/ft-sec 

Ap = pressure drop, lb force/ft2 

Nr = number of rows of tubes normal to flow 

gc = conversion factor, 32.174 lb mass ft/lb force-sec2 . 

= 0.093 
[( 0.750 ft ) (4.19 x lo5 ft/hr)(0.0692 lb/ft" 

12 

0.0521 lb/ft-hr 1 f = 0.75 

I Ap = (4>(0.093)(12)(0.0692 lb/ft3)(4.19 x lo5 ft/hrI2 
I (2)(32.2 ft/sec2)(3600 ~ec/hr)~(144 inO2/ft2) 
i 

1 

i 
Ap = 0.45 psi or 12.5 in. water. I 

I &  
i I *  
! 

i 
1 

4. MSRK Operation at Power Levels Less than 10 Mw 

Because the MSRE will not always operate at 10 Mw, it was necessary to 

i *  
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determine the  r a d i a t o r  ope ra t ing  c h a r a c t e r i s t i c s  f o r  a l l  r e a c t o r  power 
l e v e l s .  

By use of the  var iab le-speed  f u e l - c i r c u l a t i n g  pump, the  flow rate of t h e  
f u e l  through the  primary hea t  exchanger may be va r i ed .  The secondary 
s a l t  flow rate, however, i s  t o  be maintained cons tan t .  The amount of 
h e a t  e x t r a c t e d  from the  secondary sa l t  as i t  passes through the  r a d i a t o r  
is thus c o n t r o l l e d  by the  amount of a i r  forced  over the  r a d i a t o r  c o i l .  
Cont ro l  of the  a i r  flow rate then w i l l  be the  most s e n s i t i v e  r e a c t o r  
power level con t ro l .  

The e f f e c t i v e  A t ' s  between the f u e l  and secondary s a l t  i n  the  primary 
h e a t  exchanger f o r  va r ious  r e a c t o r  power levels have been est imated,  and 
are  given below.6 From these  f igures ,  and assuming t h a t  t he  secondary 

F r a c t i o n  Reactor Design Power 

1.0 

0.8 

0.6 

0.4 ' 

0.2 

0.1 

l Corresponding Secondary 
! S a l t  At  i n  Radiator  

Atef fOF 1 OF 
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89 

73 

62 

75 

60 

45 

30 

15 

7.5 

s a l t  f l o w  rate w i l l  be constant ,  the  corresponding secondary s a l t  tempera- 
t u r e  changes i n  the  r a d i a t o r  were ca l cu la t ed .  The a i r  mass-flow r a t e s  t o  
achieve  these  secondary sa l t  temperature changes i n  the  r a d i a t o r  were then 
c a l c u l a t e d  by assuming a cons tan t  a i r  i n l e t  temperature of 100°F and us ing  
the  c o r r e l a t i o n s  given above. (Equations 1 and 2.)  The  r e s u l t s  are shown 
i n  F ig .  3 a long  w i t h  the  a i r  temperature r ise through the  r a d i a t o r .  

5. Cooling A i r  

A i r  f o r  coo l ing  the  r a d i a t o r  w i l l  be supp l i ed  by two 250 hp vane-axia l  
blowers l e f t  from the  ART program. Each blower i s  r a t e d  a t  82,500 cfm a t  
15 i n .  water s t a t i c  pressure ,  o r  114,000 cfm f r e e  a i r  d e l i v e r y .  
blower6 are provided w i t h  h o r i z o n t a l  mul t ib laded  dampers, gang-operated 
by a i r -ope ra t ed  motors, t o  prevent  "blow-back" when a blower is  not  i n  
ope ra t ion .  

The 

A bypass duct  w i th  a c o n t r o l l e d  damper w i l l  be provided t o  s h o r t - c i r c u i t  
p a r t  of t h e  a i r  f low around the  r a d i a t o r .  The purpose of t h e  duct  i s  
t hreef  o Id: 
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64 
1. A t  low r e a c t o r  p.ower l eve l s ,  t h e  a i r  leav ing  the  r a d i a t o r  w i l l  be a t  

very  h igh  temperatures as shown i n  F ig ,  3. During these  per iods,  t h e  
bypass damper w i l l  be open a l lowing  
temperature a i r  t o  keep the  duct  a t  a temperature below 300'F. 
higher  r e a c t o r  power l e v e l s  when the  a i r  leav ing  the  r a d i a t o r  i s  a t  a 
lower temperature,  t he  bypass damper w i l l  be c losed .  

coo le r  a i r  t o  mix w i t h  the  high 
A t  

2. The bypass duct  w i l l  be used t o  reduce the  wind f o r c e  on the  r a d i a t o r  
and r a d i a t o r  door i n  event  of power f a i l u r e  
of t hese  occurrences,  the  r a d i a t o r  doors w i  
w i l l  be running down, s t i l l  d e l i v e r i n g  a i r .  
around the  r a d i a t o r  through t h e  open bypass 
p re s su re  on the  r a d i a t o r .  

3. During reactor-down per iods  when hea t  i s  be 

o r  r e a c t o r  scram. I n  e i t h e r  
1 be c losed  and the  f ans  

duct  reducing the a i r  s t a t i c  
This  a i r  w i l l  then be routed 

ng supp l i ed  t o  t h e  r a d i a t o r  
c o i l  i n  the  enclosed r a d i a t o r  frame, the  bypass duct  w i l l  be open t o  
reduce the  s t a c k  e f f e c t  ac ross  the  r a d i a t o r .  

6. Radiator  Frame and Doors 

The r a d i a t o r  frame w i l l  be r.iainly s t r u c t u r a l  s t ee l ;  members exposed t o  h igh  
temperatures  w i l l  be s t a i n l e s s  s tee l .  
enclosed, i n su la t ed ,  and equipped w i t h  r a d i a n t  hea t  s h i e l d s  t o  p r o t e c t  t he  
s t r u c t u r a l  members from high temperatures.  The r a d i a n t  h e a t  s h i e l d s  and 
i n s u l a t i o n  w i l l  a l s o  l i m i t  r a d i a t o r  hea t  loss  during reactor-down per iods  
whi le  maintaining <he secondary sal t  i n  the  f l u i d  s t a t e  by supply ing  h e a t  
from an  e x t e r n a l  source.  Ba f f l e s  w i l l  be made i n t e g r a l  w i t h  the  frame t o  
d i r e c t  t he  a i r  over the r a d i a t o r  c o i l .  

The r a d i a t o r  frame w i l l  be completely 

The secondary sa l t  i n l e t  header of t he  r a d i a t o r  c o i l  assembly w i l l  be 
anchored t o  t h e  frame; the secondary s a l t  o u t l e t  header  w i l l  be allowed 
t o  move i n  the  h o r i z o n t a l  d i r e c t i o n  t o  a l low f o r  thermal expansion of t he  
secondary p ip ing  and the  r a d i a t o r  c o i l .  

The c o i l  w i l l  be suspended from hangers which w i l l  a l low thermal expansion, 
support  t he  weight of the  c o i l ,  and maintain c o i l  tube spacing.  

The r a d i a t o r  frame w i l l  a l s o  conta in  p rov i s ions  f o r  two v e r t i c a l l y -  
ope ra t ing  i n s u l a t e d  doors.  
the  c o i l  t o  reduce h e a t  l o s s  from t h e  c o i l  dur ing  reactor-down per iods .  

The doors w i l l  c l o s e  o f €  t h e  a i r  passage over  

The doors are suspended from r o l l e r  cha ins  which run over sp rocke t s  t o  a 
s i n g l e  counter-weight which weighs less than  the  combined weights  of t he  
two doors.  When t h e  doors are  i n  the  up (open) pos i t i on ,  t he  counter-  
weight i s  he ld  down by t h r e e  magnets, any two of which are capable  of hold ing  
t h i s  weight.  I n  event  of power f a i l u r e  o r  r e a c t o r  scram, t h e  magnets release 
the  counter-weight and the  doors are allowed t o  f a l l  f r e e l y .  
the  doors w i l l  be lowered by an  e l e c t r i c  motor through a magnetic c l u t c h -  
brake arrangement.  This same arrangement w i l l  a l s o  be used t o  raise the  
doors.  The doors w i l l  normally be e i t h e r  f u l l y  open o r  c losed ;  however, i t  
w i l l  be p o s s i b l e  w i t h  the  magnetic c lu tch-brake  t o  p o s i t i o n  them a t  any 
p o i n t  i n  between. The doors w i l l  be guided by means of r o l l e r s  t h a t  t ravel  
i n  a machined t r a c k  so  t h a t  "cocking" of a door i s  prevented.  

A t  o t h e r  times 

~~ - 



11. . 

The e x i s t i n g  duct  w i l l  be modified t o  provide as smooth a t r a n s i t i o n  as 
p o s s i b l e  from the  fan  o u t l e t  t o  the  r a d i a t o r  c o i l  i n l e t .  
desc r ibed  above, w i l l  a l s o  be i n s t a l l e d .  

A bypass duct,  

8 .  Heat ing  

During per iods  when the  r e a c t o r  i s  not  operat ing,  i t  w i l l  be  necessary  
t o  supply  h e a t  t o  the  r a d i a t o r  c o i l  t o  keep the  secondary s a l t  i n  t h e  
f l u i d  state.  When t h i s  hea t ing  i s  required,  t h e  r a d i a t o r  doors w i l l  be 
c losed,  t h e  bypass duct  w i l l  be open, and t h e  r a d i a t o r  c o i l  e s s e n t i a l l y  
i s o l a t e d  from the  ambient atmosphere. 

Heat w i l l  be  suppl ied  t o  the  r a d i a t o r  c o i l  by means of pane ls  conta in ing  
e lec t r ic  r e s i s t a n c e  hea t ing  elements embedded i n  a ceramic material. These 
pane ls  w i l l  be  loca t ed  on the  h o r i z o n t a l  and ver t ical  s u r f a c e s  of t he  a i r  
b a f f l e s  a d j a c e n t  t o  t h e  tubes of t he  r a d i a t o r  c o i l .  Heat t ransmiss ion  from 
the  pane ls  t o  t h e  c o i l  w i l l  be p r imar i ly  by r ad ia t ion ,  w i t h  some convect ion 
caused by the  a i r  hea ted  w i t h i n  the  enc losure .  

9. Conclusions 

The r a d i a t o r  w i l l  con ta in  a c o i l  which c o n s i s t s  of 120 3/4 i n .  OD x 0.072 
i n .  w a l l  tubes  spaced 1% in.  a p a r t  on c e n t e r s  i n  a square  p i t c h  arrangement. 
(Fig.  1) Each S-shaped tube i s  approximately 30 f t  i n  l eng th  and te rmina tes  
i n  a 2% i n .  p ipe  d n i f o l d  which is  connected t o  an  8 in .  I D  header.  To ta l  
hea t  t r a n s f e r  su r f ace : a rea  i s  about 706 sq .  f t .  The headers  are connected 
t o  the  5 i n .  secondary sal t  c i r c u l a t i n g  piping.  (Fig.  2) Tubes, manifolds,  
headers,  and secondary p ip ing  are a l l  INOR-8.  

The secondary s a l t  mixture  of 66 mol % LiF and 34 mol 74 BeF2 w i l l  be circu- 
l a t e d  through the  r a d i a t o r  a t  830 gpm and w i l l  undergo a 75OP temperature 
drop as i t  l o s e s  10 Mw of hea t .  Cooling a i r  w i l l  be supp l i ed  by two 250 hp 
vane-axia l  blowers each capable  of d e l i v e r i n g  82,500 cfm of a i r  a t  15 in .  
water s t a t i c  pressure,  o r  114,000 cfm f r e e  a i r  de l ive ry .  

For 10 Mw hea t  removal, 164,000 cfm of a i r  w i t h  a temperature  rise of 200°F 
a c r o s s  the  r a d i a t o r  w i l l  be requi red .  The a i r  p res su re  drop ac ross  the  
r a d i a t o r  w a s  c a l c u l a t e d  t o  be 12,5 in .  w a t e r  s t a t i c  pressure ,  and t h e  o v e r a l l  
h e a t  t r a n s f e r  c o e f f i c i e n t  w a s  c a l c u l a t e d  t o  be 52.4 Btu/hr-ft2-OF under these  
condi t ions .  

A curve of cool ing  a i r  requi red  and a i r  temperature rise f o r  va r ious  r e a c t o r  
power levels i s  shown i n  Fig.  3. 

The r a d i a t o r  c o i l  w i l l  be enclosed i n  an i n s u l a t e d  frame equipped wi th  
v e r t i c a l l y  ope ra t ing  i n s u l a t e d  doors.  
t o  supply hea t  t o  t h e . r a d i a t o r  t o  maintain the  secondary s a l t  i n  a l i q u i d  
s ta te ,  t he  doors w i l l  be c losed  forming a reasonably a i r - t i g h t  enc losure .  

During per iods  when i t  i s  necessary  

L*' 
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12. 

Heat w i l l  be  supp l i ed  t o  the  r a d i a t o r  c o i l  during reactor-down pe r iods  by 
panels  of electrical  r e s i s t a n c e  h e a t e r s  i n s t a l l e d  i n  b a f f l e s  ad jacen t  t o  
the  tube rows. 
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Calculations ___-------__ 
-_--I------- 

1. Secondary s a l t  flow requi red  f o r  10 Mw heat  removal: 

a. Secondary s a l t ,  66 mol % LiF, 34 mol % BeF2 

b.  S p e c i f i c  heat,  c = 0.51 Btullb-OF 

c. Density? = 120 l b / f t 3  

d. S a l t  i n l e t  temperature = 1100°F 

P 

e .  S a l t  o u t l e t  temperature = 1025'F 

q = Wc A Btu/hr , 
P t  

where 

q = ra te  of heat  t r a n s f e r ,  Btu/hr 

W = mass flow ra t e ,  l b / h r  

c = s p e c i f i c  heat,  Btu/db-OF, a t  cons tan t  p r e s s u r e  

A = ter.iperature d i f fe rence ,  "F 
P 

t 

(10,000 Kw)(3415 Btu/Kw-hr) = ( W  lb /hr ) (0 .57  Btu/1boF)(75"F) 

W = 8000,000 l b / h r .  

(800,000 lb/hr)(7.48 ga l / f t " )  - - 83G-gPrn - _- - -__ 
(60 min/hr) (120 Ib / f  t3) 

2. Amount of a i r  requi red  f o r  10 Mw heat  removal: 

a .  A i r  i n l e t  temperature = 100°F d.b. ,  76"~ w.b. 

b .  Air o u t l e t  temperature = 300°F 

c. Specific heat  of a i r ,  S + 0.24 + 0.45H = 0.24 + 0.45 x 0.014 

S = 0.24 + 0.0063 = 0.2463 Btu/lb-OF 

d. 

e.  

Humidity of air , ,  I-I = 0.014 l b  w a t e r / l b  d r y  a i r  

Volume of a i r ,  Va = 14.45 f t 3 / l b  dry  a i r  

, 



. . " .. 

f. Density of dry air, - 1 - - 0.0692 l b  dry a i r / f t 3  d ry  a i r  

g .  
'a 

Amount of water i n  a i r  = d e n s i t y  of a i r  x humidity 

= 0.0692 l b  dry  a i r / f t 3  x 0.014 Ib  w a t e r l l b  

= 0.001 l b  w a t e r / f t 3  d ry  a i r  

dry a i r  

h. Dens i ty  of a i r  = 0.0692 l b  d ry  a i r / f t 3  d r y  a i r  + 0.0010 l b  water/ft3 
dry  a i r  

= 0.0702 l b / f t 3  

q = WSAt Btu/hr, 

where 

q = rate of hea t  t r a n s f e r ,  Btu/hr 

W = mass flow rate, l b /h r  

S = humid heat, Btu/lb-OF 

A = temperature d i f f e rence ,  OF t 

(10,000 Kw)(3415 Btu/Kw-hr) = ( W  lb/hr)(0.2463 Btu/lb-OF)(200QF) 

W = 692,000 l b  a i r j h r  

- = L~&,~o_O cfm 
692,000 l b  air/hr 

(60 min/hr)(0.0702 l b  a i r / f t " )  __----- 
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