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 DESIGN DATA SHEET
DEPARTMENT OF THE NAVY, BUREAU OF SHIPS

SECTION DDS4601-1
STEAM CONDENSERS

References:

(a) Interlm Military Specification MIL-C-15430B, Con-
denser, Steam, Burface (Naval 8hipboard Use) of 3¢
February 1983.

() Standards of the Heat Exchange Institute, Condenser
Bection, third edition, 1953. :

DDS4601-1-a. General design

This section has been compiled from reference (a).
Although it specifies certain materials, tube sizes, water
velocities, and temperatures, the formulae and methods
of calculation given in paragraph DDS4601-1-b-are
applicable to any condenser.

Tubes.—Condenser tube size Is % inch O. D. with
0.049 inch wall thickness (No. 18BW@Q) ; the material
should be 70-30 or 90-10 Cu-Ni; the ordering length
of the tubes must be a multiple of 6 inches; not more
than %6 Inch of the tube should project beyond the
face of the tube sheet.

Tube sheets.—The minimum specified tube sheet
thickness is 3 inch for expanded tubes and 1 inch for
packed tubes; the total area of the tube holes in the
tube sheet shall not exceed 22 percent (for condensers
designed for 1.25 p. s. {. absolute or less at the steam
inlet) or 24 percent (for condensers designed for a
higher pressure than 1.25 p. s. 1. absolute at the steam
Inlet) of the total tube sheet area determined prior to
drilling.

Water boz.—The depth of the water box should be
st least half the mean tube sheet diameter but not more
than 45 inches.

Hotwell —The volumetric capacity should equal the
volume of condensate handled during one minute at
full power.

Water velocities in tubes.—

Turbogenerator and auxiliary condensers—~&
feet per second maximum.

Main condensers—8 feet per second maximum
for double pass or 9 feet per second for scoop
injected condensers (single pass).

Heat load.—Assume condensate rejects 950 B. t. u.
per pound to cooling water unless actual flgure is avail-
able from heat balance.

268061—08

Injection temperature.—-75* P,

Basic heat transfer coeficient.—For % inch No. 18
BWG tubes use 270 times the square root of the water
velocity.

Cleanliness factor.—Use 0.85 for tube cleanliness.

Material factor—Use 0.90 when 90-10 Cu-Ni tubes
&re used and 0.83 when 70-30 Cu-Ni tubes are used.

Temperature factor.—Use 1.025 for 75° F. inlet (in-
jection) water temperature.

DDS4601-1-b. Detail design

1. The rate at which heat is transferred from steam
undergoing condensation to cooling water is dependent
on:

(a) Velocity of cooling water through the tubes.

(b) Temperature difference between steam and
cooling (circulating) water.

(¢) Temperature of cooling water.

(d) The material and surface condition of the
tubes.

(e) The presence of air with steam.

(f) Amount of load on condenser.

(g) Size and means of steam distribution within
the condenser.

(h) Tube size.

2. Condenser performance is not usually guaranteed
at pressures under 0.7 inch of mercury absolute and/or
§° F. terminal difference due to uncontrollable minor
variations in condenser plant airtightness and vacuum
pump or air ejector effectiveness.

It is also recognized that condenser tube water
velocities of less t.ha{: approximately 3 feet per second
do not build up enough flod resistance in condenser
tubes to force a substantially uniform quantity
through all the tubes of a surface® condenser, and
hence condenser performance under such conditions
cannot be exactly predicted. The figure of 3 feet per
second is arbitrary and will vary with tube size and
length.
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DDS4601-1-b

8. Assume the following nomenclature:
As= total condensing surface based on the 0. D.
tube aren, square feot.
Cy== specific heat of etrculuting water, B, ¢. u. per
pound per °P.
Py = cleanliness correction factor for U due to foul-
Ing of tubes. Use 0.85 unirss otherwise
spccifled.
Py== materinl correction factor for U. A table of
material factors 18 contained in table 3.
Py=inlct water correction factor for U due to cool-
ing water temperatures other than 70° P. If
water temperature rise is excessive, use aver-
agc temperature of water to obtain correction
factor ‘n lieu of Inlet tempernturc. See fig-
ure 1.

&= g. . m. per tube at onc foot per second water
velocity. See table 2.

Q= gallons of circulating (injectlon or coolinyg)
water per minute,

D= enthalpy of stenm entering condenser, B. ¢t u
per pound.

Ahems subcooling or hotwell depression, B, ¢ u. per
pound.

hw-x enthalpy of condensate leaving condenser hot-
weil, B. € u. per pound. Equals enthalpy of
saturated water at pressuie Py’ in condenser
less Ah, for subcoollng of condensate.

4he= heat removal from steam, B. ¢, y. per pound.

Abw (hex-he).

Kae tube constant:=3- , see table 2.

Lo effective length of each tube in foet per pass
times number of water passes.
D= number of passcs,
Ne= total number of tubes per water pass,
Pie: presiure al turbine exhoust flange, inches
mercury absolute,
Ph'=e average pressure in steam side of condenser,
inches mercury absolute.
Q= B. t. u. per hour given up by exhaust steam to
circulating water, X
8.= square [vet of extcrnal tube surface per foot
of length, See tablc 2.
Qs inlet (injection) cireulnting wnter tempera-
ture, °P.
tem=outlct ‘overboard) cireulnting water tempera-
ture, °P,
tem satusated steam temperature ot Py, *P.
t’msaturated steam temperature at Py’ °P.
Ataes logarithmic moan temperature differcnee bee
tween circulating water and condensing steam,
e A
Usms basic heat tranafer coeMeicnt in B. ¢. u, per
hour per square foot per “F. loy mean lem-
persture differenve. See figure 1.
Uemm corrected heat transfer cooMclent tn B. ¢ u
per hour per square foot por °F. log mean
temperature difference= UF,F;Fy.

V:-: velocity of cireulnting water through tubes,
fect per second.

w deusity of ctrculating wiler, poutuis per gal-
lon.

Wz steam condensed, pounds per nour.

4. ‘The following equations hold for condr  Crs:

Q UcAdte Equitior 1)

Q=Wah Fquation (2)

Q=260 w Cp G (ta—ty) Equ.tion (3)

*::500 G tly—~to)

o te— £yuation (4)
- o - L
i°“°( te- ‘)
A=LNs T ution (8)
G=NgVv Equi.' ¢ (8)

k=5 Equntion (7)
[*4

In condenser desien, 1t 1s poevealle to scleot & tuoe
leniith suitable for the appHention and solve for the
resulting temperuture rise, surface ares, cooling water
flow, and other desired charucteristics. The foliowing
solutton ts based un this proccdure.

By setting (1)=<(3) and substituting ‘- A. Q, and

“atm, the following is obLtained:

log b=t . ULk
Ot "t ™ 500V
Thus:
(See table I for values of es)
ULk
800V

Equation (&)

where a:=

This reduces to:
Lot
tomte~ &
From equations (3) and (2):
Gu.._Q___ . Wih_  Eguation (11)
500 (ta—t) 500 (to—ts)
Proi.. equaions (5), (6) and (T):

Equution (9)

Equation (10)

A “3“ : Equation (12)
PProm equation (6) :
N- ‘f", Equation (13)

Por part load condlUons. the watcer velocity In the
tubes will approximately vary directly as ship'c speed
for condensers provided with scoopa. The ooolt: |
waler rul:. equation (8), varies u:tectly as the water
velocity. The hent given up to the condensar at part
load can be found from a heat balanoe.

SActually 6Dwe,= 00 X 8.88 < 0.04 = 442 for salt wator., How-
ovor, tho value of 80 x 8.33 x 1 = 800 for fresh water is Usod in
this method since this ta the value uscd by industry in com-
puting condensor sizes. The differsnce helc s> surfaces
calculnted for fresh and aalt cooling watsr s of the order of

¥ percent. This is considered within the aecuracy of the
othor dats.



Under port *nd eonditions, the area and number
of tubes aie Yhown, The unknos  ore the cooling
water outley trinperature and the saturation tempera-
ture corresponding to tho absolute pressure in the
condenser,

From cquation (3);

' Q Waih Equation (14)
bt sn0 6 =41 S0 0
From equntion. (8) :
ert--b Equation (15)
b= e

The cond 'nser vacuum can now be found from a
brok v Gteara tables. (Kcenan and Keyes)
8ain)le caleulalions;

Given:

Steam from turbine: 247,000 pounds pes hour.
Tube ordering length: 10°-8**

Tubce slze 83°°-18 Gane

Mate.ial: 70-30 Cu-Ni

Exhaust pressure: 3°* mercury absolute
8ingle pass (n=1)--Scoop injection

Promn Mil Spee. MIL-C-164308:

8h:=950 B, t u. per pound
== 16"P,

Effcctive tube length—10°6""—(1"" per tube sheet
+vs’" per tube sheet for
rolling)

=106 244 = 10°37, ' =10.33*
V=9 feet per second
Fi=0.85
F1=0.83
M= 1.025
Requined:
Condensing surface (A), 112
Civeulating water +G) g p. m.
Circulnting water temperature rise, (to—t))
Terminal tempernture difference, (te—te),
shall not be lesxs than 6°F,
Number of tubes per pass, (N)
Approximate overnll dimenslons of con-
denser
Performance at purt Joad
Baiuwon: :
U=270VV =270V5--810 B. t. u./hr-fti—°"F
Ue=UFFJ =810x0.85 70.83 X 1.025
=:58C B. t. u./hr-fti-- *p
From Toble 2, k--0.2408
L =133.76"F at § inches of mercury abs.
frean steam tabics
Now: Tn prellminary design caiculations, P—pP,’ is
tsswmed (o ve zero.  Therefore, ta is taken at P,’,
From equation (9)
ULk _ 686 10.320.2400
boo v 500% 9
v 1.383 from tablo I

n- =0.324

DDS4601-1-b
From equation (10)
ta—tbi - - 133.716—15
t.:—.t.---—e. =133.16 s

=133.76—42.49=01.27°F
te—tim01.27—18=16.237 °P

te—tem133.76—01.27:43.49 *A—This is greater thaa

8°F and conforms to refersnce (a).
From ecquation (11)

~ Wah, __ 247.000X880 -
9= 500 (-G 600 (9121176, 38840 8. p. m.
From equation (13)

Am LGk 10.32x 28.:‘0 X0.2¢08 =7.960 ft?

-

Prom equation (8)
.. Gn_28840x1 _

Nn.= oV ="068>5" =4,710 tubes
To find approximate overall dimensions;

Py=5 inches of mercury absolute X 0.491=2.4¢ p.al
absolute. ' .

Refercnce (a) states that the area of tube holes in
the tube shcet shall not exceed 24 percent of the total

“"be shect ares before drilling, for P, greater than 1.28
P. 8. i. absolute,

Arca per tubeatg.’-o.nww--um square inches
Areca of holes=4,710%X0.3068=1.450 square inches
Minimum tube sheet uru:-%.‘.z"’:

=6,040 squnre incheso 42 square feet.
Reference (a) nlso states that the water box depth

shull not be less than one-half the mean tube sheet ‘

diameter but Should not exceed 45 inches.
For a circular tube sheet:
3 __42’ =
de= G apse =535
d=7.32 ft. (diameter)
Water box deptha 7 ':’ =3.061t.C43.01n.O 3 ft.-8 in.

The total length of the condcnser including water
boxes is approsimately:

(10°~8°') 42 (3'-8’*) =10'-8" +7'~4" =17'~10"’

Reference () specifies that the hotwell volumetris
capacity at maximum designed working level shall be
&t least cqual to the volume of condensate for one min-
ute’s operation at rated full load.

3‘_';3"92“.120 pounds of steam per minute
From steam tables: For saturated condensate, Vam

0.0163 cubic feet per pound at

] t=1338° P, .

4,120x0.0163==67.2 cubic feet of hotwell capacity
required. ) .
Part load pcrformance:

Glven Wa= 123,500 pounds per hour
V== 1.8 fcet per second '
Ahs= 050 B. t. u. per pound
Required: Absolute condenser pressure, P,




DD84(%01-1-b

Solution: .
o-ﬁe!.“gl‘_".! =33,400 ¢. p. @

Um2WVTE=3T0X2T¢=738 B. t. u./hr-{t’-F

UemT38X0.86 X0.83 ¢ 1.025 =534 B. t v./hr-{tA*F
From equption (14):

o Wah 123,500X950 _ a3
to= h+m =T+ S0 X33 400 = 0+10=09°P.

Prom equation (9);

U _ 33410.33X 0.3408
A OOV~ B0OxT.8 0388

From tabdle 1:
el 427
Prom equation (18):

© to—ti_1.437(85)~T8 _ 13118 .
IS LISl " 0427 —1083° R

. YNem steum tables at 108° P. saturation temperature:
Py'=12.5 inches of mercury, absolute.

4,4, =108.385=23.2° F. which is grester than
8° P. terminal tamnperature difference and is acceptable,

TABLER 1
Tilte of &
e iatemmadiate values use direct interpolation or
alide rule log—log acales.
'Y ] a *

e1 | 1105 1.1
.18 | 1,150 1. 18 3. 16

.3 11222 1.2 332
.25 | 1.284 1. 25 3. 40
.3 | 1.350 1.3 3. 67
.35 | 1418 1. 35 3.86
.4 1,402 1.4 4. 06
.48 | 1. 668 1. 45 4.27
.8 | L6048 1.6 4.48

.68 | 1734 1. 88 4.7
.6 '1.822 1.6
.06 | 1010 L 86 6. 21
LT {2018 1.7 5. 47
.76 ) 2138 175
.8 122325 1.8
86123 1. 85 0.36
.9 1240 L9 8. 69
.96 1258 1.95 7.03
1.0 (272 20

cesmccswjcananane

. Cu-Nl and on the exact dn.:

TUBING CHARACTERISTICS
TARLE 2

Hl:rfﬂ’l i Water l
0.D.of o Thick- | 1, !‘) of M‘Ill-;.“ ‘“"l ;; C ke Weizht
wbine | aWG | oy | e e | Bree  ntaot] RIS
! [{STY) {r) l
N
% 16, 0. 0GHE 0. 40 0 16ty 0. R0, 27200, 4432
17, . 05N .5«»1\‘ Rt I P B ~u' . 4006
mg .04 .r.:'.'l S . oR| . as7] L 3430
QL 066h Lamn el 7o) L2070 L 2n4
Y. 160 o6n] e o SN L 20NT) Rt
17 . 058 . nud .vn 4 IREN VI TTE B PYE: T
18] . 049) L €n L tuni w0l IRGT| LK
20 .035 . ORG l'""‘ PR S 1 X'.'...';, M7
% 16| . 0uh ST qoow LIS TS TR T ]
170 .0a8) LUeaLooul Ldd .u»'.‘xi L5itl
181 L0490 . TIT . 22910 1. 45 . 1550 . 4u28
200 . 055 .su.‘.‘ .22010 1.59| . 1444} . 3579
1 16; . 065 870 . "618‘ 1. 85! . 1413! . 7400
17| .0s8) . 81| 2618 1.91! . 1309) . G654
18] .04y . 9n2 .2(.!5, ol 1314 L 6674
20, .035 ".a:;u’ S26h 2012012300 L 411g
| |

*Weights in this table nr: b, okt
pounds per cubic inch whicii 1w w0y

pht ol 0323
Tuf e g 00-10
[PRNTUIVE B SN §, 14 Joo Allows
once has been made for cithc pilly ue .MDUS vl anCos
occurring in manufacturo.

The heat transfer carves In ., ure 1 are Lnsed on
new, clean, briihkt, an.i vo... i wkes and on wn
inlet circulating w.tor Lermeraaure of 70 P For cir-
culating water inlet teuipen.'.:es other than 70° P,
the basic heat trans{ur cu.iilcienst should be multipiied
by the inlet wetir temperature correction fuctor on
flgure 1. The hcu! transfer cocfliclents are bused -on
No. 18 BWG Admiralty metal tubing and should be
multipiied by the following correction factors for tubes
of other material or gage.

TARLE 3

Tube waull zage
(BWQ) 8

[

No. No. No.
18 17 16

i i

Tube materiuls

Admiralty motal. . oooooooo___.. {10 o Lo
Arsonical ¢opPeTe v eee e eanae. 1.0 . 08 IRIN
Alumioum brass. .o ool i .96] .04 .ol
Munts metal. eooeoeoeoenuenneo..| .06 | .04 .01
Aluminum bronze....o..... —amnae .90 | .87 .81
00~10 sopper nickel.. oo ue e . 90 .87 . 54

70-30 copper nickel .............. 83| .80 .70
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NOTE: HTAT TRANSFETR COTFFICINT U DASIDON C v VELOCITY.
NG WUTUAM TR L,

TEMPLRATURE OF 1NLET WATER, DEGREES F.
FIGURE 1.

VALL U. CURVLL TAKEN FiROM K.FERCNCE (b),

FOU CONDEr LTRS SERVING STEAM ENGIN

CURVES APPLY TO CONDENSERS SEAV.
C35, USE 6% PERCENT OF ABOVE






