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Figure 1. Deployment of an Organic Rankine Cycle application
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¥ Introduction
Two parcels of humid air at known conditi mixed. Thi

DT>+ =< o W a
Ml BIU SE= Lg ¢

Mixing Humid Air

oA TRRITIA B ERE — LRI A:

thermodynamic process on a psychrometric chart.

» Parameters

¥ Calculations
Specific enthalpy of first and second air parcels
>h, := Property(H, HumidAlr, T=T,, = pressure, R=R, )
)
h, = 7192678769 ——
) i
>h, i= Property( H, HumidA, T=T,, P=pressure, R=R,)
)
h, = 29616.01063 —
2 kg

Humidity Ratio of first and second air parcels
>hr, = Property( humidityratio, HumidAir, T=T,, P= pressure, R=R,)
h

0.01633493511

>hr, t= Property( humidityratio, HumidAir, T=T,, P=pr . R=R,)

hr, 1= 0.007765108778
Mixture enthalpy from an adiabatic heat balance
h'm, +h,-m,

>h, =
"mix m, +m,

K
4654032144 —
kg
Mixture relative humidity from a mass balance
m, R, +m, R,

SR e
mix m, +m,

he resulting mixture, and plot the
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Figure 2. Documenting an analysis
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Fluid Properties States Documentation | Math Fluid Property Units Deployment
Features Visualizations
Maple Built-in Arbitrary Full Numeric & Built-in P-h and Yes Free to desktop
symbolic psychrometric charts and web
Locally stored
Pure fldssanid Tools for custom charts
. (e.g. T-s etc.)
mixtures
Mathematica® | Built-in but needs | Temperature | Full Numeric & No built in charts Yes Free to desktop
internet access and pressure symbolic
. only Tools for customized
Pure fluids only charts
EES Built in Arbitrary Partial Numeric only, Built-in T-S, T-v, P-v, Yes Free to desktop
-Engi i limited P-h, h-s, T-h chart
Engereerlng Locally stored s B SR
Equation Solver .
Pure fluids and Limited tools for
mixtures custom charts
MATLAB® Via add-on Determined | Partial Numeric, & No built-in plots No Paid to desktop
by add-on symbolic via an Tools f " hart
add-on ools for custom charts
Mathcad® Via add-on Determined | Full Numeric and No built-in plots Yes Paid to web
by add-on symbolic, both -
e Limited tools for
limited ]
customized charts
Excel® Via add-on Determined | Partial Numeric only, No built-in plots No Paid
by add-on limited Limited tools for
customized charts

Table 1. Survey of calculation tools used for thermal engineering calculations

Maple R{FHPRIBEXEHAE

CoolProp EE2H C++ AANERIERAY TS
B, RHBRREYMME. ZESE:

- ThermophysicalData —8&—&K3itEH Y12
CRAHZE RUEBENRE . F£RH [ CoolProp
Library ] , LA [ NASA Glenn Coefficients ]
HERNEEM
DEtools - KBREMD AR
- PDEtools - KERMD HRENREE
- ScientificConstants - RIZEHRHE
- Optimization - 28R HCRES
- Plots - KEIRHE
Units - BITERHEE
- Tolerances - AZRHE

niFEHEEIERECool Prop

Maple #89 ThermophysicalData #4¥ 14 EiEH
#E, EFFEYMHEE CoolProp, TILUMERAREIR
ENADIF I BUIE . BELERNERERSEERNA
REMRE. EHR. FBZHE
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HEER
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Maple $H9 ThermophysicalData R¥ &, =Hi:

with (ThermophysicalData):
Figure 3, & MH{KERBEENFRTHIERE:

> Properl}'(tunperamrc pressure = 6bar, massspecificenthalpy = 5 105Jkg_l. "carbondioxide" )
296.9109661 K

Figure 3. —SUMEEEENMIE THRIEE

Figure 4, EIEERIREMENT, [MARY
30%-70% ERBEEMHNEE

> Property(density, temperature = 293 K, pressure = 1atm, "helium[0.3]&nitrogen[0.7]")

0.8652903239 K&
=

Figure 4. TR 30%-70% BERESYNEE

Figure 5, 3kEXR134alIZREE 4

> Property( density, temperature = 260 K, pressure = 6 MPa, R134a)

kg
1354788341 —3
m

Figure 5. 3AEXR134aMZERE M
Figure 6, it EEFERAEESYHEMH

Property(”D", temperature = 300K, pressure = 101325Pa,
"HEOS::Methane[0.042]&Ethane[0.845]&nButane[0.028]&Pentane[0.085]")
k
1.387544941 g3
m

Figure 6. it BEAERARKESYNEM

Figure 7, £BPHTE
PHTChart ("nitrogen")

™3 NN

RN
/]

~__]

400

'\\

600 4
T T T
0 S0 100

o /

7
LV ﬂ
| T

—-150 —100 5 .
o
#(£)
—— quality 0.00 —— qua.lit\’l 00 isotherm 70.0 K isotherm 1500 K

Figure 7. PHTChart ("nitrogen")

Figure 8, &MiEEE
PHTChart ("nitrogen")
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Figure 8. PHTChart ("nitrogen")
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Figure 9, Maple &t &,

p := Property(density, temperature = 310 K, pressure = 14.7 psi, water)
kg
p = 993.3836403 —
m
vi=2.5inch’:
m:=p-v
m := 0.04069660323 kg

Figure 9. Units tracking
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Figure 10, REAHREFHEAR I EFHESH
2, BEEREREBENHFEHE.

ravd

P2 = 1000 kPa
T2=343K

Compressor
(adiabatic)

g

Figure 10. Compressor with known entry and exit states

T1=253K
Saturated vapor

Figure 11, LA R134a AN ERRIELEN, EXRBEAT
o

> h1 := Property(H, temperature = 253 K, Q = 1, R134a)
5 J
hl := 3.864615358 10 e
>h2 := Property(H, temperature = 343 K, pressure = 1000kPa, R134a)

J
h2 := 4.51844244110° E

Work done by the compressor

> workCompressor := hl — h2

J
-65382.7083 —
kg

workCompressor =
Figure 11. Maple calculation of the work done by
a compressor

MO BEXRRE

Wall heat balance

2

_x 2 10 B
> pdel = (oo D, )prpw at T 1) =U IO (T(x, 1) = T, (x. 1)) = U "D (T, (x

Tube-side heat balance

N2 0 9 :
D, T([x, t) --Cp‘ F‘ o T‘(x, t)—n Di U‘ (T([x, t) — Tw(x’ t)) :

[}
> pde2 := pth‘ 2%

Shell-side heat balance

0 0
a2t L) =CpF - =T (xt) + 7D US(T\”(X, t) —T(xt

> pde3 == p_Cp — (D.2—D 2
pe‘_‘spsd(n n)(?ts

Discretize the PDEs into ODEs with a central difference approximation
> res:= disc( {pdel, pde2, pde3), {T(, TS, Tw})

" (- D7+ DOZ) Cp,, P, T:*'.(t)

res :

2 =Ul7'.'DI [T‘I(t) Twl[t)) Usﬂ.'D0 [’Twl(t) Ts‘(()) t

(t)
== J%UsnDO(Tw(t) Ts(t)],

T
s
i

( 2 2\ <
p,Cp, % (O, DOJT&I(() CpSFS(T (t)

i+
2 deltaX

4
~Ta(1)

Figure 13. Discretizing PDEs into ODEs with Maple

B iK%

Figure 12, skfg—HRNS2H, HIAKE
B AKIRAYRED o
> with(ThermophysicalData) :

> fluid == "R717":

Temperature, pressure and velocity at inlet

> T = 310:
n
P_:=1110°:
in
= 10:

in

Pressure at outlet
e 5.
3P, = 2110°:
Enthalpy and density at inlet
> hm = Property( massspecificenthalpy, T= T P=P quid);
Py, ©= Property(density, T=T,_,P=P_ fluid )i

h

= 1.65559094731116970 10°
P = 8.151327574015208391

P = 8.15132757401520851

h

>eql: o

- n . o n_ " "o id -
u1—Property( massspecificenthalpy”, "temperature =T v Pressure"=pP_, ﬂuid).

eq2:=p_ .= Property("D", "temperature”:Tum, "pressure" = A fluid) :

First law of thermodynamics

2
in
>eq3 = hm+ T:h

out
Conservation of mass

> eq4 = v\l’\ pln:vom polﬂ:
>fsolve( {eql, eq2, eq3, eq4d})

;Tc .= 285.0175004, hc . 1.654113289 106, Vo™ 55.27430598, p, , = 1.474688637 |

Figure 12. Solving implicit equations in Maple

T (xt):

w

t) =T (x 1)+

)):

2 2 <
k, @ ( -0 +0, ) (Tw,+ l(n - ZTWI(() + TWH 1(t)J
4 deltax’ '
24 \
PP RO T ()  CpF, (T‘I+ 1(() T 1(z) ]
3 - 2 deltax (e
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> Cp := t— Property("C", "temperature" = t, "pressure" = 101325, "water") :

HEIE - RESHESENESSREITE om0
Fugure 13, S AR 2 BEMES SRR o p
, B R RE R ESS, XEHND S pricla R (1) g () = CUTC s

>res := dsolve( {de}, numeric) :

ﬁyjj 15& H*Eﬁﬁ:.l:zwu\ @ *ﬁo > plots:-odeplot(res, 0..100)

Figure 14, RIABUTLUMENBENRE, EEEK ~
BRI LA ANPDE,

T 286

> Cpt = Property("C", "pressure" = pNom, "temperature" :Tt(x, t), fluid1) :
Cp, = Property("C", "pressure" = pNom, "temperature" =Ts(x, t); f[uidZ) - e
> p = Property("D", "pressure" = pNom, "temperature" =Tt(x, t); fluidl) 7 0% % 5 5 A ”

p, = Property("D", "pressure" = pNom, "temperature" =Ts(x, t), ﬂuidZ) :
Figure 16. Simulating a differential equation in Maple

Figure 14. Fluid properties as a function of temperature with varying fluid properties
for the countercurrent heat exchanger model

v

res := dsolve( { ODEs, ic}, numeric, known = { Property}, range=0..T, output = listprocedure) :
t final

v

Figure 15, {fit

assign(seq(Ts | | i=subs(res, T[s][i](t)),i=1..N)):
assign(seq(Tt | | i=subs(res, T[t][i](t)),i=1.N)):

pl:= odeplot(res, lt, T([NJ(tI L t=0.T.

p2:= odeplot(res, [t, Ts[lj(n I t=0 ‘.TMEV, legend = [ "Shell-side Exit Temperature"], color= b[ue) )

v

legend = [ "Tube-side Exit Temperature"]) H

> Cp := T—Property(C, temperature =T, pressure = 101325, water) :

> display(p1, p2, legendstyle= [ font = [ Arial]], labels = [ "Time (s)", "Temperature (K)"], labeldirections
> pIot(Cp, 280 350) = [horizontal, vertical], labelfont = [Arial])
4200 260,
350
&
7 3404
5 ©
4195 5
8 330
a
£ 320
4190 =
3104
300 T T T d
4185 0 10 20 30 40
Time (s)
[ Tube-side Exit Temperature Shell-side Exit Temperature |
4180

Figure 17. Simulating a lumped parameter model of a

280 290 300 310 320 330 340 350
heat exchanger in Maple

> Minimize(Cp, 280..390)

[4179.23671956654, 309.399693997860 H # I 'L-I- % Hﬁ _J. ?J}‘-I,{%

Figure 15. Calculating the minimum isobaric specific
heat capacity of water 4000
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Figure 18. [F/&BER
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Psychrometric Chart

- 0.0:

Enthalpy at Saturation (J / g(Dry Air))
Relative Humidity
Wet Bulb Temperature (°C)

Specific Volume (m¥ kg)

Humidity Ratio (kg(Water) / ka(Dry Air))

Dry Bulb Temperature (°C)

Figure 19. /52 E
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