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In the tubes: Around the tubes:
Medi um Wt er Medi um Wt er
Mass fl ow mi 20 kg/ s Mass fl ow ma 13.94 kg/ s
Vol unme fl ow Vi 0.02011 n#/s Vol unme fl ow V_a 0.01434 nt/s
Stand.vol . flow V_i nt/s Stand.vol. flow V_a nt/s
Pressure (in) P 500000 Pa Pressure (in) P 500000 Pa
Inlet tenp. Je i 27 °C Inlet tenp. Je_a 90 °C
Qutlet tenp. Ja_i 41 °C Qutl et tenp. Ja_a 70 °C
Average tenp. Jmi 34 °C Average tenp. Jma 80 °C
Density r_i 994.6 kg/ n# Density r_a 971.8 kg/ n#
Spec. heat cap. cp_i 4177 J/ (kg- K) Spec. heat cap. cp_a 4195 J/ (kg- K)
Ther mal Cond. | i 0.6209 W(m K) Thermal Cond. | _a 0.667 W (m K)
Dyn. Viscosity h_i 0.7342 mPa- s Dyn. Viscosity h_a 0.3545 mPa- s
Stand. -Density r_i kg/ n# Stand. -Density r_a kg/ n#
Foul ing resistance 0.00009 n?-K/W Fouling resistance 0.00009 m?-K'W
For phase change
Density vapour rDi kg/ n Density vapour rDa kg/ n
Lat ent heat DHv 0O J/ kg Lat ent heat DHv 0O J/ kg
Vapour fraction x_i 1 Vapour fraction x_a 1
Heat duty Qi 1169596 W Heat duty Q a -1169596 W
Heat | oss Qv_a o w
Geonetry
Bare tubes Segnental baffles
Installation position: horizonta
Qutside shell diam Do 0.3239 m Shel | wall thickness sa 0.0071 m
I nsi de shell diam Di 0.3097 m
Bundl e-shel | distance 0.01571 m M n. bundl e-shell dist. 0.012 m
Qut si de tube di am do 0.016 m I nsi de tube di am di 0.012 m
Tube pitch (crosswi se) 0.021 m Tube pltch(lengthmnse) 0.01819 m
Pitch angle 60 ° Path wi dth 0. 034 m
Di st. between baffles 0. 1464 m Nunber of baffles/pass 11 -
Di st.tubesheet-1. baffle 0.268 m Baffl e di ameter 0. 3067 m
Baffl e borehol e 0.0168 m Baffl e cut 29.3 %
Sealing strips pairs 0 -
Fins (in the tubes):
Number of fins/tube - Fin hei ght m
Fin thickness m Thi ckness at fin root m

Hel i x angl e

Ther ma
Foul i ng resistance

conductivity tube materia

Nunber of passes (tube-side)
Nunber of passes (shell-side)
Nunber of serial exchangers
Eval uati on

required
Exchanger area A 14.52 nt
Bundl e | ength I 1.913 m

| 52 W/ (mK)
Rf 0.00021 n?-K'W
Z 1 -
Z 1 -
1 -
fina
Aa 15.18 113
la 2 m
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Resul ts
Number of tubes N 151 -
Heat transfer coefficient (inside) ai 7141 W (n? - K)
Heat transfer coefficient (outside) a_a 7872 W (n? - K)
FN Fact or FN 0. 9963 -
Logarithm c mean tenperature diff. dJ 45.93 K
Overall heat transfer coefficient k 1761 W (n? - K)
Al | owabl e overheating for condensation Ja K
In the tubes: Around the tubes:
Vel ocity (tube) 1.177 ms Vel ocity (shell) 0. 9633 ms
Vel ocity (w ndow zone) 1.203 ms
Pressure drop Dpi 7649 Pa Pressure drop Dpa 19181 Pa
Mean wal | tenp. Jwi 49.04 °C Mean wal | tenp. Jwa 69. 77 °C
Inlet nozzle (1D) 0. 1317 m Inlet nozzle (1D) 0. 1317 m
Qutlet nozzle (1D) 0. 1317 m Qutl et nozzle (I1D) 0. 1317 m
Vel ocity (Nozzle in) 1.476 ms Vel ocity (Nozzle in) 1.053 ms
Vel ocity (Nozzle out) 1.476 ms Vel ocity (Nozzle out) 1.053 ms
Equat i ons:
I NSI DE
Qi=mi - cp_i - (Ja_i-Je_i) + mi - x_i - DHv_i =
= 20 - 4177 ( 41 - 27 )+ 20 -1 )
= 1169596
OUTSI DE:
Qa=ma - - cp_a- (Ja_a-Je_a) + ma - - x_a - DHv_a
= 13.94 - 4195 (70 - 90 )+ 13.94 1 -0
= -1169596
Bal ance:
Qi = -(Qa - Quv) 1169596 = -( -1169596 - 0 )
TRANSI T1 ON
1 1 do do | n(do/di) 1
— = . + + + Rf
k a_i di 2 - | a a
0. 016 0. 016 I n(0.016 / 0.012 ) 1
+ + + 0.00021
7141 - 0.012 2 - 52 7872
k = 1761

Qi =k - A- dJ - FN 1169596 = 1761 - 14.52 - 45. 93 - 0. 9963
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Tube | ength [ 1.913 m
Total area A 14.52 nt
Design = D; Rating / Sinulation = R <R >-
Nunber of exchangers in series 1
Fi nal tube Iength la 2 m
I nside shell diameter Di 0.3097 m 309.7 mm
Bundl e di amet er Db 0.2783 m 278.3 mm
Bundl e - shell distance D 0.01571 m 15.71 mm
Bundl e - shell m ninum di stance Dm 0. 012 m 12 mm
Baffl e di ameter DI 0.3067 m 306. 7 mm
Hei ght of the window in the baffles H 0.08986 m 89. 86 nm
Hei ght of the wi ndow % of di ameter 29.3 %
Head di ameter Da m nm
Bolt-circle dianeter Dt m nm
Qutsi de tube diameter da 0.016 m 16 mm
I nsi de tube dianmeter di 0.012 m 12 mm
Pitch crosswise to direction of flow sqg 0.021 m 21 nm
Pitch in direction of flow sl 0.01819 m 18. 19 nm
Tube pattern: aligned = a / staggered = s < S > -
Adapt wi ndow hei ght Yes =Y/ No =N < > -
Arrangenent: around central tube =0 <0 > -
staggered by 1/2 pitch =1

Nunber of tube-side passes 1 -
Nunber of shell-side passes 1 -
Type <0 > -
Tube | ane width (horizontal) 0.034 m 34 nm
Tube | ane width (vertical) m nm

Number of bolts on bolt-circle -
Rot ation angle for bolt-hole pattern °
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Al t Nr.

Page:
F3 graphics:

Nunber of tubes n 151 -
Nunber of tubes in the w ndows nF 64 -
Nunber of tubes in the cross flow zone nS 87 -
Nunber of boundary tubes RR 66 -
Nunber of tube rows in a w ndow nRF 4 -
Nunber of tube rows in the cross flow zone nw 7 -
Nunber of tube rows in the end zone nVE 11 -
Sum of the shortest connecting paths (centre) Le 0.1017 m
Shortest connecting path (tube-tube) e 0. 005 m
Shortest connecting path (tube-shell) el 0.02085 m
Nunber of connecting paths nv 12 -
m

Mean di stance boundary tubes-envelope circle centre rh

Tubes per pass:

Pass
1 2 3 4
151 0 0 0

Baf f| es

Nunmber of baffles

Di stance bet ween baffl es

Di st ance between head and baffle
Design criteria:

Maxi nrum bundl e | ength

Maxi numratio |/ Db
Mnimumratio | /Db

0
N 11
S1 0. 1464
S2 0.268

0.1189

7 8
0

146. 4 nmm

268 mm
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State 1: State 2:
Cal cul ation for saturation? < N > < N >
(Yes =Y/ No = N)
Tenperature t 34 °C t 49. 04 °C
Pressure pi 500000 Pa p 500000 Pa
Properties of liquid water or superheated steam
State 1 State 2
liquid liquid
Speci fi c ent hal py h 142824 J/ kg h 205682 J/ kg
Specific entropy s 491.1 J/ (kg K) s 690.9 J/ (kg K)
Density r 994.6 kg/ n# r 988.7 kg/ n#
Speci fic heat capacity cp 4177 J/ (kg-K)| cp 4180 J/ (kg K)
Dynami ¢ viscosity h 0.7342 mPa- s h 0.556 mPa- s
Thermal conductivity I 0.6209 W (m K) | 0.6396 W (m K)
Surface tension s 70.57 m\/ m s 68.11 m\/ m
Ki nematic viscosity n 7.382E-7 nt/s n 5.624E-7 nt/s
Prandt| nunber Pr 4.939 - Pr 3.633 -
Properties of vapour fraction of wet steam
State 1 State 2
Speci fi c enthal py h J/ kg h J/ kg
Specific entropy s J/ (kg K) s J/ (kg K)
Density r kg/ n# r kg/ n#
Speci fic heat capacity cp J/(kg-K)| cp J/ (kg K)
Dynam c vi scosity h mPa- s h mPa- s
Thermal conductivity I W (m K) I W (m K)
Ki nematic viscosity n nt/s n nt/s
Prandt| nunber Pr - Pr -
Heat of evaporation Dhv J/ kg Dhv J/ kg
Entropy of evaporation Dsv J/ (kg- K) |Dsv J/ (kg K)
Fraction vapori zed X - X -
Ent hal py of wet steam hx J/ kg hx J/ kg
Entropy of wet steam SX J/ (kg-K) | sx J/ (kg- K)
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State 1: State 2:
Cal cul ation for saturation? < N > < N >
(Yes =Y/ No = N)
Tenperature t 80 °C t 69. 76 °C
Pressure pi 500000 Pa p 500000 Pa
Properties of liquid water or superheated steam
State 1 State 2
liquid liquid
Speci fic enthal py h 335276 J/ kg h 292360 J/ kg
Specific entropy s 1075 J/ (kg K) s 951.6 J/ (kg K)
Density r 971.8 kg/ n# r 978 kg/ n#
Speci fic heat capacity cp 4196 J/(kg-K)| cp 4189 J/ (kg K)
Dynami ¢ viscosity h 0.3545 mPa- s h 0.4054 mPa- s
Thermal conductivity | 0.667 W (m K) | 0.6595 W (m K)
Surface tension S 62.68 m\/ m S 64.53 m\/ m
Ki nematic viscosity n 3.647E-7 nt/s n 4.145E-7 nt/s
Prandt| nunber Pr 2.23 - Pr 2.575 -
Properties of vapour fraction of wet steam
State 1 State 2
Speci fi c enthal py h J/ kg h J/ kg
Specific entropy s J/ (kg K) s J/ (kg K)
Density r kg/ n# r kg/ n#
Speci fic heat capacity cp J/(kg-K)| cp J/ (kg K)
Dynam c vi scosity h mPa- s h mPa- s
Thermal conductivity I W (m K) I W (m K)
Ki nematic viscosity n nt/s n nt/s
Prandt| nunber Pr - Pr -
Heat of evaporation Dhv J/ kg Dhv J/ kg
Entropy of evaporation Dsv J/ (kg- K) |Dsv J/ (kg K)
Fraction vapori zed X - X -
Ent hal py of wet steam hx J/ kg hx J/ kg
Entropy of wet steam SX J/ (kg-K) | sx J/ (kg- K)
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Tenperature (inlet) J e °C

Tenperature (outlet) J a °C

Dynam c vi scosity h 0. 7342 mPa- s

Density r 994. 6 kg/ n#
Thermal conductivity I 0. 6209 W (m K)

Speci fic heat capacity cp 4177 J/ (kg K)

Prandt| nunber Pr 4.939 -

Prandt| number (wall) Prw 3.633 -

Fl ui d: liquid <0> or gas <1> <0 >

Cal cul ation of non-circular pipes: Yes =1 <0 >

Pi pe | ength I 2 m

I nsi de di aneter di 0.01199 m

Cross sectional area f 0.000113 nt

Peri met er u 0.03768 m

P Hydraulic diameter dh = 0.012 m
Total mass flow My kg/s

Nunber of pipes with parallel flow Z -

P Mass flow per pipe M = 0.1323 kg/ s

P Velocity w = 1.177 ms

P Reynol ds nunber Re = 19141 -

Bal ance: Q=M - cp - (J.a- J e) = w

Results: Constant wall tenperature

w - dh - r 1.177 0.012 994. 6
Re = = = 19141
h / 1000 0.7342 / 1000
Nu_mJ = (l'am nar non-di sturbed fl ow Re < 2300) [ 6]
Nu_mJ = (lam nar entrance flow Re < 2300) [12]
Nu mT = 133.4 (turbulent flow Re > 10000) [ 26]
Nu_m = (transition zone 2300 £ Re £ 10000) [ 29]
Factor K
0.11
Li qui ds: K= (Pr/Prw = 1.034
n

Gases: K= (T/Tw) = for n =0

Nu = Nu_m_J, T) - K= 138 [ 40, 41]

Nu I 138 - 0.6209
b a = = = 7141 W (n? - K)
dh 0.012
Heat transfer: Q = a . A . DJIog
= 7141

P wall tenperature J_W= 49.04 °C
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Cal cul ati ons:
Lam nar fl ow: Re < 2300
Lam nar non-di sturbed fl ow
HW= Re - Pr dh/1 = 567.2
1/3
NumJ 2 =1.615 - HW = [ 5]
3 3 3 1/3
NumJ = [3.66 + 0.7 + [Nu_m_J_Z - 0.7] ]
[ 6]
3 3 3 1/3
= [ 3.66 + 0.7 + [ - 0.7 ] ]
Lam nar entrance fl ow
- 1/6
2
Nu mJ 3 = - . \/ HW =
1 + 22 Pr
- 1/6
2
= : 567. 2 = [11]
1 + 22 - 4.939
3 3 3 3 1/3
Nu mJ = [ 3.66 + 0.7 + [ NumJ2 - 0.7 ] + NumJ 3 ] =
[12]
3 3 3 3 1/3
:[3.66 + 0.7 +[ -0.7] + ] =
Turbulent flow. Re > 10000
-2 -2
Xx =[1.81og Re-1.5] =] 1.8 - log 19141 - 1.5] = 0.02595 [ 27]
- 2/ 3
Xx/8 - Re - Pr dh
Nu_mT = . 1+ — =
2/ 3 |
1+ 12.7 - x/ 8 (Pr -1) - [ 26]
- 2/ 3
0.02595 /8 - 19141 4.939 0.012
= 1 + =
2/ 3 2
-1) L

1+ 12.7 - V/ 0.02595 /8 - ( 4.939

Nu mT = 133. 4
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Transition zone: 2300 £ Re £ 10000
1/3
Nu_mJ 2 2300 = 1.615 - (2300 - Pr - dh/l) = 6.597 [32]
1/6
2
Nu_ mJ 3 2300 = - V/2300 - Pr - dh/l = 4.236 [ 33]
1 + 22 Pr
3 3 1/3
Nu_m L 2300 = [49.371 + [ Nu_mJ 2 2300 - 0.7 ] + Nu_m J_ 32300 ] =
Nu_ mL 2300 = 6.913 [ 31]
2/ 3
(0.0308/8) - 10000 - Pr dh
Nu_m T 10000 = . 1+ — =
2/ 3 |
1+ 12.7 - / 0.0308/8 - (Pr -1)
[37]
Nu_m T 10000 = 78.62
Re - 2300 19141 - 2300
g = = = [30]
10000 - 2300 10000 - 2300

Num=(1- ¢g) - NuumL 2300 + g - Nu_mT 10000 = [ 29]
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I nsi de di aneter of the shell D 0.3097 m
Di anmeter of the baffle D 0.3067 m
Di ameter of the tube bundle Dé 0.2783 m
Hei ght of the opening of the baffle H 0.08986 m
Di stance between the baffles S 0.1464 m
Number of tubes including the existing n 151 -
dead and support tubes
Nunber of tubes in the top and bottom n 64 -
pl at e openi ng (w ndow)
Qutside dianeter of the tubes d 0.016 m
Di ameter of the bore-holes for the tubes d® 0.0168 m
in the baffle B
Tube pitch crosswise to direction of flow s, 0. 021 m
Tube pitch in direction of flow s 0.01819 m
Nunber of sealing strip pairs n 0 -
Mai n resistances in the cross-flow zone na 7 -
Nunber of connection |ines n, 12 -
Nunber of shell-side passes (1 or 2) ND 1 -
Vol unme fl ow V  0.01434 nt/s
Inlet tenperature JE 90 °C
Qutl et tenperature JA 70 °C
Wal | tenperature JW 69. 77 °C
Fluid: liquid <0> or vaporous <1> <0 >
Prandt| nunber Pr 2.23 -
Prandt| nunmber at wall tenperature PrW 2.575 -
Ki nematic viscosity n 3.647E-7 mt/s
Ther mal conductivity I 0. 667 W (m K)
Resul ts
f © 0.5458 Nu ° 328.1 a ©° 8571 W (n? - K)
w 0, AW
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Cal cul ati on of Nu
0, Bundl e
y © 0.4016 Rey 1 0 54275
N = 0. 664 \/R ' §\/P ' U]
u1,Iam - ' ey,l ' r
3
1 1
202.1 = 0.664 - \/ 54275 : T/ 2.23
0.037 - Re 08 Pr
u = y.1 U
Loturd 1+2.443 - Re "% . (P30
0.037 - 54275 08 . 2 23
320. 2 =
1 + 2.443 . 54275 -0.1 ( 2.23 (2/3) 1)
1
Nu = 0.3 + ¢Nu2 2 U
1,0 1,1 am 1,turb
1
378.9 = 0.3 + \/ 202.1 2 + 320.2 2
Nu = f - Nu U 601.1 = 1.587 378.9
0, Bundl e A 1,0
Cal cul ation of f
R, =n_/ (n/ ND U] 0. 4238 = 64 / (151 1 )
f =1- R+ 0.524 R%3 0]
G G G
0. 9743 =1 - 0.4238 + 0.524 - 0.4238 0.32
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Cal cul ation of f L
e ©° 0.005 e, ° 0.02085 L.(e; e) ©° 0.1017
n = 151 n = 64 d = 0.0168 d = 0.016
F B a
n n p(d=?2 - d?2)
A = [— - F ] B a °© 0.002452
SRU ND 2 4
g = 2 arccos(1- 2-H/D1) ° 131.1 = 2 arccos(1 - 2 - 0.08986 [/ 0.3067 )
P (360 - ) N
- _ . (D} 2 _ D 2) -
SW 4 ! 1 360 - ND
0.000924 = p/4 - ( 0.3097 2-0.3067 2) - (360-131.1 )y / 360/ 1
A=A + A g 0.003376 = 0.002452 + 0.000924
SG SRU SMJ
Al =S L 0] 0.01489 = 0. 1464 . 0.1017
R =A_[| A 0] 0. 2267 = 0.003376 / 0.01489
L SG E
A A A
f :0.4L+[l-o.4L] exp(-1.5 R) 0
L L
A A
SG SG
0. 002452 0. 002452
0. 7955 =04 —— 4 [1 - 0.4 } exp(-1.5 - 0.2267 )
0. 003376 0. 003376

Cal cul ation of f 5

A :S(Di - DB - e) ©° 0.003867 for e<(Di - D) AB = 0 else

RB = AB / AE 0] 0. 2597 = 0.003867 / 0.01489
3
f:exp[-B-R [1- 2n/n]] for n. £ n [ 2
B B s w S w
3 1
0.7043 = exp [ R - 0.2597 [1 -T/Z -0 /7 } }
f =1 for n. >n [ 2
B s w
f =f_ - f . f 0] 0. 5458 = 0.9743 - 0.7955 - 0.7043
w G L B
Nu =f + Nu 0] 328.1 = 0.5458 - 601.1
0, AW w 0, Bundl e
Nu - R 328.1 - 0.667
a = 0. AW K 0 8571 = . 0.9843

p/2 - da1 p/2 - 0.016
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Real logarithm c tenperature difference for different heat

exchanger types

Shel | and tube heat exchanger

In the tubes:

Around the tubes:

Mass fl ow mi 20 kg/s Mass fl ow ma 13.94 kg/s
Spec. heat cap. cp_i 4177 J/ (kg- K) Spec. heat cap. cp_a 4195 J/ (kg- K)
Inlet tenp. Je_i 27 °C Inlet tenp. Je_a 90 °C

Qutl et tenp. Ja_i 41.46 °C Qutl et tenp. Ja_a 69.34 °C
Overall heat transfer coefficient k 1761 W (n? - K)
Heat transfer area A 15. 18 n?
Nunber of tube-side passes NT 1 -

Nunber of shell-side passes NS 1 -

Nunber of exchangers (serial) Z 1 -

Nunber of baffles per exchanger NB 11 -
Logarithm c tenperature difference dJ = 45.37 K
(counterfl ow)

Correction factor FN = 0.9963 -

P Real logarithm c tenperature difference dJ = 45.2 K
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General fornulation
Qutside dianeter of the tubes da 16 mm
Wal |l thickness of the tubes S 2 mm
I nsi de tube dianmeter di = 12 nm
Cross-sectional area of the tubes A = 87.92 nm?
Second nonent of area of the tubes J = 2195 nm 4
Modul us of elasticity E 200000 N/ nm?
Ef fective density r 7850 kg/
Fi nal span L 268 mm
Support: jointed on both sides C=3.14
jointed - fixed C = 3.93
fixed on both sides C=4.73
Fact or for support C 3.93 -
Factor for additional forces Cf 1 -
Nat ural frequency of the tubes fR = 863.2 1/s
Safety factor S 1.5 -
Al'l owabl e exciting frequency fz = 575.5 1/s
Pitch (crosswi se) t 21 nm
Pitch (lengthw se) I 18.19 mm
Transverse pitch ratio t/da = 1.313 -
Longi tudi nal pitch ratio | /da = 1.137 -
1: Strouhal nunber staggered (bare tubes) SSt1 = 0.2338 -
2: Strouhal nunber staggered (fin-tubes) SSt2 = -
3: Strouhal nunber aligned SSt3 = -
Sel ected arrangenent (1-3) 1 -
® Strouhal nunber of the bundle SSt 0.2338 -
Vel ocity in the narrowest cross section we 1.053 m's
Exciting frequency of the flow ferr = 15.38 1/s
Al'l owabl e exciting frequency fz = 575.5 1/s
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Equat i ons
di =da- 2* s 0] 12 = 16 - 2% 2
A= p/l4 * (daz - di?) U]
87.92 = .785 * ( 16 2 . 12 2 )
J = p/64 *(da* - di %) 0
2195 = .049 * ( 16 4. 12 4
10° C -2 E *J A
= [ ca 0
2*p L r* A
108 3.93 2 200000 * 2195
863. 2 = * [ ] * * 1
6.283 268 7850 * 87.02
fz =fR/ S 0] 575.5 = 863.2 / 1.5
SSt * we R 0. 2338 * 1.053
ferr = —— U 15. 38 =
da/ 1000 16 / 1000
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Properties Fluid wal |
Tenperature (Inlet) J 27 °C
Tenperature (Qutlet) J° 4 °C
Tenperature J& 34 °C 49. 04 °C
Pressure (Inlet) P 500000 Pa
Density ré 994.6 kg/ e 993. 6 kg/ e
Speci fic heat capacity cp 4177 J/ (kg- K)
Thermal conductivity I 0. 6209 W (m K)
Dynami c viscosity h 0.7342 mPa- s 0. 556 mPa- s
Fluid: liquid =0, gas =1 0
Accel eration due to gravity g 9.81 m s2
Type (straight tube=1; U-tube=2) 1
I nside dianeter of inlet nozzle DTNI 0. 1317 m
I nsi de dianeter of outlet nozzle DTNO 0. 1317 m
Nunber of passes NTP 1 -
Nunber of tubes per pass N 151 -
Length of one tube L 2 m
I nsi de tube diameter D 0.012 m
Qut si de tube dianeter DO 0.016 m
Tube wal |l thickness t = 0.002 m
Mass fl ow W 20 kg/s
Mean vel ocity (inlet nozzle) Vn = 1.476 ms
Mean velocity (outlet nozzle) vn' = 1.476 ms
Mean vel ocity (tube) wW = 1.177 ms
Reynol ds- Nunmber Re = 19137 -
Prandt | - Nunber Pr = 4.939 -
Gr ashof - Nunber G = 31111 -
Pressure | oss factor Ke = 0.9 -
Friction coefficient xis = 0.0077 -
Correction factor (viscosity) F = 0.961 -
Correction factor (convection) y =1 -
Friction factor (xis F -y x = 0.007399 -
Pressure loss (inlet nozzle) DPn = 974.4 Pa
Pressure |l oss (outlet nozzle) DPn' = 974.4 Pa
Pressure loss (inlet ; outlet and baffle) DP& = 620.3 Pa
Pressure loss (friction) DPt = 3400 Pa
Foul i ng factor Ft = 1.494 -
Total pressure loss (DPn + DPe + Ft-DPt) DP = 7649 Pa
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Equati ons
t =1/2 - ( DO - DI ) 0] 0. 002 =1/2 - ( 0.016 - 0.012 )
1.273 - W R 1.273 - 20
Vn = U 1.476 =
' DINIZ - r 0.1317 2 . 994.6
1.273 - W R 1.273 - 20
Vn = U 1.476 =
°  DINO® - 0.1317 2 . 994.6
1.273 - W R 1.273 - 20
Vt = U 1.177 =
DI2 . N r 0.012 2 . 151 994. 6
Vit DI r . 1.177 0.012 994. 6
Re = U 19137 =
h/ 1000 0. 000734
Pr = h/1000 - Cp / | 0] 4.939 = 0. 000734 4177 / 0.6209
g - D3 [ r - rw| R
G = U
( h/f1000 / r )2 r
9.81 0.012 3 | 994.6 - 993.6 |
31111 =
( 0.000734 / 994.6 )2 994. 6
Strai ght tubes: one pass Ke = 0.9 NTP = 1
nmul tipl e passes Ke = 1.6 - NTP
U-tubes: two passes Ke = 0.9
four or more passes Ke = 0.8 - NTP Ke = 0.9
Xis = Xis( Re) = 0.0077 = xis( 19137 )
F =F ( Re; h/hw) = 0.961 = F ( 19137 . 1.32 )
y =y ( Re; G-Pr-h/hw) =1 =y ( 19137 : 202902 )
DPn_ =171 _-Vn_ 2 | 2.224 = 974.4 = 994.6 1.476 2 [ 2.224
DPni = ri-VniZ | 2.224 = 974.4 = 994.6 1.476 2 | 2.224
DPe = Ke-r-vt2z [/ 2.0 = 620. 3 = 0.9 994. 6 1.177 2./ 2.0
r - vtz . NTP - L .
DPt = 2 - X U
DI
994. 6 1.177 2 1 2
3400 = 2 - 0.007399
0.012
DO - 2-t 5 A
Foo= | | 0
DO - 2.2-t - 0.00182 - DOM0. 3
0. 016 - 2 - 0.002 5
1.494 = [ ]
0. 016 - 2.2 - 0.002 - 0.00182 - 0.016 ~0. 3
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Geonetric vari abl es:
Tube bundl e di ameter D B 0.2783 m
I nside shell dianeter Di 0. 3097 m
Baf fl e di ameter D | 0. 3067 m
Qut si de pi pe di ameter d_a 0.016 m
Bor e di anmeter d B 0.0168 m
I nside nozzle diameter (inlet) d_Si 0.1317 m
I nside nozzle diameter (outlet) d_So 0.1317 m
Openi ng baffle H 0.08986 m
Nunber of tubes in the bundle n 151 -
Nunber of tubes in the upper and | ower w ndows n_F 64 -
Nunber of rows in the wi ndow zone n_RF 4 -
Nunber of sealing strips nS 0 -
Nunmber of baffles n_U 11 -
Nunber of connection |ines n_Vv 12 -
Mai n resistances in the cross-flow zone nw 7 -
Mai n resistances in the end zone n WVE 11 -
Di stance between baffles S 0. 1464 m
Head- baf fl e di stance S E 0.268 m
Di stance between boundary tubes and shell e 1 0.02085 m
Vol unme fl ow \% 0.01434 n#/s
Tube division | engthw se s_1 0.01819 m
Tube division crosswi se s_Q 0. 021 m
Pitch angle 60 °
Nunber of shell-side passes ND 1 -
Properties of the nedia:
Fluid: liquid = 0 or gas =1 0
Inlet pressure P E 500000 Pa
Inlet tenperature J E 90 °C
Qutl et tenperature JA 70 °C
Mean tenperature J 80 °C
Density r 971.8 kg/ n#
Dynam c viscosity h 0. 3545 mPa- s
Wal | tenperature J W 69.77 °C
Dynam c viscosity (at J W h_W 0.4054 mPa- s
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Friction loss on the shellside of the heat exchanger:
Dp = (nU-1) - DpQ- ND = (11 - 1)- 230 1
+ 2 . "QE = 2 - 251
+n_U.- Dp_F - ND = 11 - 1391 1
+ Dp_S = 1077
Dp = 19181 Pa
Resul ts:
a = 1.313 - b = 1.137 - c = 1.312 -
e = 0.005 m
Cross-fl ow zone:
L E = 0.1017 m A E = 0.01489 n? w_e = 0.9633 m s
f al f =194.9 - f at f = 0.6867 - Xi | = 0.004612 -
Re = 42257 - f_a t_v = 5.259 - Xi _t = 0.3668 -

f zt = 1.019 - Xi = 0.3784 - Dp_ Q0 = 1194 Pa

A SRU = 0.002452 n? g = 131.1 ° A SMU = 0.000924 nt

A SG = 0.003376 n? R M= 0.2736 - R L = 0.2267 -

r = 0.609 - f L = 0.5035 - RS=0 -
R =37 - A B = 0.003867 - R B = 0.2597 -
f B = 0.3825 - F z I = 1.005 - f al v =194.9 -
Dp_Q = 230 Pa
End zone:

Re_E = 23084 - A E E = 0.02726 - w e E = 0.5262 ms
Dp_QE_ 0 = 656 Pa Dp_QE = 251 Pa
W ndow zone:

A FG = 0.01836 - A FR = 0.006434 - A F = 0.01192 -
w p = 1.203 m's wz = 1.076 ms n_WF = 3.953 -
d_g = 0.0243 - UF = 1.963 -

Dp_ F | = 1137 Pa Dp_F t = 2461 Pa

Dp_F = 1391 Pa

Shel | nozzl es:
w S i = 1.053 m s Dp S i = 538.6 Pa
w S o = 1.053 m s Dp_S o = 538.6 Pa
Dp_S = 1077 Pa
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TEMA type ael
In the tubes Around the tubes
Medi um Wat er Wat er
Pressure (in) p 500000 Pa p 500000 Pa
Pressure stage 1600000 Pa 1600000 Pa
Inlet tenperature J 27 °C J 90 °C
CQutlet tenperature Je' 41 °C J®& 70 °C
Mean tenperature J&a' 34 °C J&2& 80 °C
Desi gn tenperature m! °C ma °C
Inl et nozzle:
Fl ange connection n.w. * 125 nm 125 nm
Qut si de di aneter 0. 1397 m 0. 1397 m
Nozzl e wal | thickness 0. 004 m 0. 004 m
I nsi de di aneter 0. 1317 m 0. 1317 m
Qutl et nozzle:
Fl ange connection n.w. * 125 nm 125 nm
Qut si de di aneter 0. 1397 m 0. 1397 m
Nozzl e wal |l thickness 0. 004 m 0. 004 m
I nsi de di aneter 0. 1317 m 0. 1317 m
* n.w. = nom nal weidth
Geonet ry:
Qutside shell diameter Do 0.3239 m Shell wall thickness sa 0.0071 m
I nside shell dianeter Di 0.3097 m
Bundl e - shell distance 0.01571 m
Qutside tube diameter do 0.016 m Inside tube dianeter di 0.012 m
Tube pitch (crosswi se) sq 0.021 m Tube pitch(lengthwi se) sl 0.01819 m
Pitch angle F 60 ° Path width b 0.034 m
Di stance between baffles 0.1464 m Number of baffl es/pass 11 -
Di st.tubesheet-1st baffle 0.268 m Baffle dianeter 0. 3067 m
Baffl e borehol e 0.0168 m Baffle cut 29.3 %
Sealing strips pairs 0 -
Nunber of passes (tube-side) zZ 1 -
Nunber of passes (shell-side) zZ 1 -
Fi nal bundl e I ength I 2 m
Fi nal shell length I Z 2 m
Nunber of tubes R 151
Expansi on joint dianmeter m
Pl ate thickness (fixed plate) 0. 03 m
Pl ate thickness (free plate) 0. 03 m
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