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Introduction
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Fluid 2 in

The objective is to design a double pipe heat exchanger i.e. finding the heat
exchanger heat transfer area (which include the inner tube inside diameter, the heat
exchanger length which fulfils the heat load and not exceeding the maximum
pressure in the tube or annulus flow
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Input data

1-fluids flowing in the tube side and in the annulus.
2-mass flow rate for cold and hot streams
3-inlet and outlet temperatures or at least three temperatures

and mass flow rates
4-maximum pressure drop in the tube side and in the annulus

side 1.e. Ap¢ max ANA AP max
5-thermal conductivity of the tube material, k;

Required

1-Area of the heat exchanger for clean and
fouled heat exchanger (A, A¢,d;, L, ....)



Input data

tube side mass annulus side Tube side Annulus Inside Outside | Tube
flow rate mass flow rate |fluid side fluid | fouling fouling |thermal

factor factor | conductivity

ma Rfi Rf

[kg/s] [Mm2.K/W]  [m2.K/W]

(0]

Inlet cold fluid Outlet hot fluid | Tube side Max. | Annulus Max.
temp. . allowable allowable

pressure drog pressure drog
Thi Tho APt,max APa,max
[°C] [°C] [Pa] [Pa]
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Assumptions

1-Tube wall thickness, t [mm]
2-Fouling factors (inside and outside 1.e. R, Ry, )

3-Initial guess for the tube and annulus velocities (V &V,

t,max ,max)



Procedure
1-Calculate the fourth temperature if not given using the heat balance equation i.e.

q = CCATC = ChATh

Then calculate LMTD¢ (Tho — Tei) = (Thi — Teo)
LMTDgp =
In(Tho — Tei)/(Thi — Tgo)

2-Calculate the fluid properties at the mean temperatures

Property Cold side Hotside
Pc Phn

Density

Specific heat Coc Con
Thermal conductivity k. kp,
Viscosity U Un
Prandtl number Pr. Pr,
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3-Based on an assumed max velocity for tube side V, . for tube
side, get d..

me = ptVt,maxAct

where A IS the cross section area of the tube. V, Is the tube
velocity. The Cross section area of the tube

T
Ay = Zdi

Assume typical wall thickness t and get d,



4-Using the given mass flow rate in the annulus and the assumed annulus
max velocity, calculate the inside diameter of the annulus D;.

. T
Mg = PaVamaxAca Apqg = 7 (Dlz — d(Z))
Also calculate the hydraulic diameter D, i |
-~ |
f
4mD}/4 —md3/4) _DE-di
nd, 0 1k

Also calculate the hydraulic diameter D,, as follows

1T
4 A 4( 7 (D? - d3)
P mD;+mnd, w(D;+d,)

Dh: :Di_do



5-For tube side calculate Re, , Nu, & h,

6-For annulus flow Calculate Re, ,Nu, , & h,
7-You may assume typical values for the fouling resistances i.e. Ry , and Ry,

8-Based on assumed k, , calculate U, and U

1 1 R¢; A,In(d,/d; 1
_ n fi n 0] ( o/ l) L4 Rfo
Uf ht(Al/AO) Ai/AO 2kl ha




9-Use the equation

q = UoAoLMT Dcr F A, =md,L

get the heat exchanger length L
10-Calculate the pressure drop in tube side Ap; and the annulus side Ap,

Use very simple equations to find the friction coefficient as a function of Re
number

For laminar flow f =16/Re

For turbulent flow
inside a smooth pipe f = [1.58In(Re) — 3.28] 77

L V2 oLV
Apt:4ftD—tpt7t Apa—4‘faD_apa2_



11-Calculate the difference between the allowable pressure and the
pressure calculated from the previous step. It is called Residual Sum of
Squares RSS

Rss = \/(APt — APt,max)2 + (APa — APa,ma,x)2

When R Is higher than a prescribed value, one can restart the iteration process by
computing the tube and annulus velocities from the allowable pressure drop for each side

L V2 LV

APt max = 4/t D. Pt7 APy max = 4/a D_h :0612i
t

Vi = [(APumar/4£) (/)2 pe]° Vo = [(8Pamax/4fa) On/ L)@/ pa]
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