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Introduction. As a first approach to the problem of designing an evaporator

for the HRT, an arrangement similar to that designed for the HRE was
considered, as shown by Figure 1. It was originally proposed to evaporate
at a rate.of 1/2 gpm to atmospheric pressure in the evaporator body, hence,
this analysis is based on this criterion. However! aésuming.all coﬁditions
but_the evéporat;on rate remaining constant, the heat transfer area required
will be directly proportional to the rate of evaporatiqn.

As an alternative‘arréngement‘to the HRE evaporator, a.standard calandria-
type of shell and tube evaporator is suggested as shown by Figure 2. It is
believed that a design of this type may have several advantages over the HRE
design. This design may be modified to(be hung below the inner dump tanks
as in the HRE iﬁstallation, and, the vépor-gas-moisture seéparator may also be

rearranged to suit if desired.

Assume an HRE Type of Evaporator
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Heat transfer surface area:

UA — hghy © hyAy T hrAp
Q = UAAT
AT = Aty + At + Otp
Q
At = Ag
Q.
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Q.
¢ AtL = AL
by,
« {9
AT = A : A
hs + .Aw + hL
s 1.
Metal wall thickness = 0.250
. -k 130 "
e by = T = 5%5—0 = 520 Btu/hr-ft2-°F
hsf = 1500 Btu/hr-fte-oF for condensing steam
Boiling Side Coefficient '
hy = 2.3 AtLg (For vertical surfaces)
Q .
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Since the diameters are large in comparison to the thicknesses, the ratios

may be assumed unity, and

Q 1 1 1
AT = = = + == 4+ =
A hg h, .
or,
3 _ Q
o 2.3 A
_ __3_)1/ 3
&ty = ( 23R
and q . /
2 A 1/3
AT = A + A + (..J%.) c
1500 520 2.3A
"~ 0.333
T R CY/ R Y/
AT = 3560 + "520 *t T1.32
Tabulated Calculations
(Q/8) 1000 5000 10,000 20,000
AT 1 10.18 25.85 42.17 72.30
Steam Temp. ~ 222 238 25k 284
(°r)
" Steam Press. 3.2 9.3 17.3 377
(psig)
Temﬁ. Drop 1.92 9.62 19.2 38.4
thru Metal
Wall, °F
' Heat Trans. 2.76x10° 55.2 27.6 13.8
Area, Ft2 A ‘
Therm. Stress 370' 1860 3700 7400
Metal Wall
psi
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To evaporate 1/2 gpm of water from 212°F:

02900 ) e

Q = (&) <E§7%i3?:) 1150 = 2.76 x 105 Btu/hr

Thermal stress in evaporator surface area due to heat conduction

o E Aty

S =
b 2(1"i) #
@ = 9.3x 106"
' ~ ngn 108
Assume { E = 29k 10
2 = 0.3 .
s - (9.3 x 1070)(29 x 106) Aty
t 2 (L - 0.3)
Sy = 193 At

Stress due to Internal Steam Pressure

Q/A 1000 | 5000 10,000 20, 000

Sp | 48 | 65 ' '121 264

S¢ 370 | 1860 3700 - | 7400

S | 418 | 1925 , 3821 | v766h
(Total)
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Heat Transfer Area on Solution Side

A= nL[l;—éz+g—é2 (Ft2)

AT 2.62L (Ft2)

A = 85Pm>
8. :

L = ﬁ% = 3.2k Ft

Hold-Up Volume

2 E_z‘z
. X . .
SONCIE
Vo= 2.5k l:-—-—j;r—3o’31° 29'2:\ = %6:

vV = 1.78 3 = (1.78)(28.3) = 50.3 Liters

Vapor Disengagement

Maxlmum dlsengagement surface

30. 3
(12 > < “2—557 0.165 Ft2

(2) Minimum disengagemént surface.

wh) -(2)]
cep (] - o (R B2

A = 0.0552 Ft°
Rate of Vapor Disengagement.

2

Maximum = ‘ﬁ;?éggg = 4350 Ib/hr-Ft
(&) (60) P
 Minimum = "0.185 = 1450 Lb/hr-Ft

Apparent Qverall U

o 276x105 _ 2 ©
U = 857008 300 Btu/hr-ft=- F

400 G
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METAL WALL STRESS (psi)

UNCLASSIFIED

ORNL-LR-DWG-516
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Fig. 3. Thermal Stressjn Metal Wall
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SURFACE AREA & STEAM PRESSURE REQUIRED
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Calandria Type of High Performance Low Hold-up Evaporator

An.evaporator of this £ypevis shown by Figure 2. The mixture of solution'and
gases let-dowh from the high pressure system enter the séparator drum through
a 2-inch tangential inlet pipe.' The mixture is given a further centrifugal m§tion
by means of the spiral baffle which is intended to separate ihitially the gases
of dissociation from the entrained moisture. These gases floﬁ~upvarq.through
the 3-inch outlet pipe and jpin the vapor from the evaporator body at the split
in the gas-vaﬁor outlet pipe. The separated moisture collects at the bottom of
the separator drum and is introduced into the bottom of the evaporafor through the
external_2;inch‘downcomer pipe. Ihus, the density difference caused by the
température differential existing between the fluid in the evaporator and that inix
the downcomer aids’circulation through the evaporator.

Since the original proﬁosal specified low-holdup, filler blocks are shown
in tﬁe bottom evaporator head. An alternate to this arrangement would be to
nodify a standard-lofinch pipe cap by machining off part of the straight lip.
The solution then flows upward through 24 3/h-inch~O,D. - 16 BWG steinless’
steel tubes 18-inches long and part of the watef is evaporated in the tubes by
steam at not more than 62 psig. pressure surrounding the tubes. A 2-1/2 inch
schedule 40 downcomer is placed iﬁ the center of the tgbe bundle to promote
natural circulation. Such a downcomer shall have a flow area equal to or not
less than 1/2 that of the total flow area of the tubes.
* Ordinerily, a standard evaporator of this type is designed for a wvapor
disengagement rate not to exceed 4O 1b/hr-ft2 froﬁ the free surface and to
have & vapor volume over the surface proportioned on the basis of one cubic
foot of vapor space for every cubic foot per second of vapor evaporated in’

order to minimize excessive splashing and liquid carry over. In this evaporator,

Lo |y
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the disengagement ratelof 1/2 gpm will be equivalent to 438 lb/hr-ff2 and
the vapor volume is fairly low so that an excessive amount of spouting and
carr;-over of liquid could be expected. It is to-provide for this contingency
that the vapor baffle, outlet pipe and spiral baffle arrangement in the
separator drum are shown. |

The general specifications for this type of .evaporator for 1/2 gpm are
as folldws: For 1 gpm the surfaée area required will be prqportional to the

increase in evaporation rate.

General Specifications

1. Fuel solution .
2. Evaporation rate 0.500 gpm
3. Evaporation pressure Atm.
4. Evaporation temperature 212°F
5. Flow in:
Gas 0.527 1b/min
Liquid 1.21 gpm |
6. Heat balance:
Evap. rate 240 1b/hr
Heat transfer 2.76 x 107 Btu/hr
T- Heat transfer surface based on

62 psig sat. steam:

Tubes 3/4" 0.D. - 16 BWG 347 SS

Steam side coefficient
Wall coefficient
Boiling coefficient

Overall coefficient

Lf o0

l/

1500 7F¢2 o7

" o000 —Btu

hr-1t2-OF

2
230 AtB

Btu
658 frFteF
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1. Foulk,
2e Foulk,
3. Foulk,
l" . Foulk,
5. Foulk,
6. TFoulk,
T. Foulk,

Co
C.
C.
c.
Co
C.
C.

Steam pressure

Steam temperature

AT

Area (calc)

Actual aresa

Apparent U

Heat flux

Disengagement rate

W.,
W.,
W.,
W"
WQ,
WO’
e,

Ind. Eng. Chem. 21,
Ind. Eng. Chem. 30,
Ind. Eng. Chem. 25,
Ind. Eng. Chem. 24,
Ind. ./Engo Chem. 23,
Trans. ASME, 54-55,
Ind. Eng. Chem. 26,
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815 (1929)

'159 (1938)

800 (1933)
277 (1932)
1283 (1931)
105 (1932)
263 (193%4)

62 psig
310°F
98°F
.28 Ft2

6.00 Ft2

Bt
470 Fr=FEo0F

Btu
46,000 f7 52

' 1b
438 hr-ft2
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3" sch. 40 gas outlet ______;__-§§~\\

Spiral baffle

Inlet 2" sch: 40

e . 3" sch. 40 pipe.h___~_§\*\

Tangential

Vapor baffle

-

10" sch. 40 pipe —~

e Tube sheet
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) 2-1/2" downcomer
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Figure 2

Calandria Type High Performance Evaporator
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