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ABSTRACT

In furtherance of the exploitation of the vast pigs of Hibiscus Sabdariffa and to improve thécefncy of its
drink production, the analysis of heat transfer peaies of Hibiscus Sabdariffa (H.S) extract usinghell and tube
heat exchanger was carried out in this study. Tkteaetion of the H.S calyces was done using hoemagtween
the temperatures 88 — 82C. The specific heat capacities for different coricaion of H.S extract were obtained
using Copper calorimeter. For concentration fron23-6.25g/cr} the values of the &Lwere found to vary from
4.485-3.324JRC. It implies that concentration of 6.25gftheses heat about 1.35 times faster than that at a
concentration of 1.25g/cinThe overall heat transfer coefficient of the H:8ract were obtained with values
ranging from 2621.73-10486.883@as H.S extract flowrate increased from 23-10%set. On varying the cooling
water flowrate from 10-50ctfsec, the overall heat transfer coefficient of th& extract also varied from 1607.30-
5340.78J/6C.
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INTRODUCTION

Roselle Hibiscus sabdariffabelongs to the malvacea family, it is an ereadstly branched annual shrub that is
widely grown and cultivated in tropical and subioap regions of the world [1-2]. It is known by manames such
as ‘Florida Roselle’, ‘Florida cranberry’ and ‘lragti sorrel’ in Florida, USA; ‘asam susur’, ‘asamggiand ‘asam
kumbang’ in Malaysia; ‘sorrel’ or ‘Jamaican sorrel' the Caribbean; ‘karkade’ or ‘carcade 'in Suddnisap’ in
Senegal and Zobo in Nigeria [3-6]. Two botanicglety of Roselle are recognizeshabdariffa varaltissimda tall,
vigorous, practically un-branched plant with fibsospicy and inedible calyxes mainly cultivated firer and
Hibiscus sabdariffavar (a bushy, branched sub-shrub with red or getem and red to yellow inflate edible calyx,
the shoots and leaves of the latter Roselle vaaetyusually cooked and eaten as vegetables wigldlashy,
swollen red calyxes and the flowers are used tour@nd season other foods as well as in the pgpas of a fruit
drink [7-8]; it has been reported as being a papsidt drink with daily consumption in many couesiincluding
Egypt, Sudan, Mexico and Nigeria [9]. Different gugts have been developed from sorrel calyces aschines
[10] sorrel sauces [11], stirred-sorrel yoghurt2][1sorrel cheese [13], seed cake [14] and jam.[I&E flower
contains anthocyanins, sugar, flavonoids, vitammgerals, and bioactive compounds, such as orgacids,
phytosterols, and polyphenols [16-18], some of th&ith antioxidant properties and is used in curimghor
stomach ailments, sore throat and strengtheninghéfzet among other uses [19-20]. The juice drinkjctv is
usually obtained by extraction of the calyxHibiscus sabdariffavith hot water, contains about 1% solid [21-22].
Its extract is found to have high medicinal valubjch can be produced at industrial scale usintaatpvith unit
such as a heat exchanger to enhance energy efficieihthe extract during production. After extractj the
temperature of the extract has to be reduced béfieraddition of additive, traditionallfibiscus Sabdariffalrink

is cooled in open air which takes a lot of time @ad be contaminated. It is therefore necessaoptain the best
heat transfer properties for the extract which lsamused for the design of a heat exchanger. Thefthis work is

to determine the best heat transfer propertiedibiscus Sabdariffaextract using a one-tube pass, one-shell pass,
shell and tube heat exchanger to find the oveedt transfer coefficient during cooling.
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METHODSAND MATERIALS

The sample was collected from the market and spittedhs then dried in an oven at’60for 8 hours in order to
retain important nutrient. 200g of ground calycessveoaked in 16 liters of hot water for one hourisTwas
repeated with different mass of ground calyces0fifg4 600g, 800g and 1000g in the same volume ofvateér (16
liters) for the same 1 hour to obtain different cemration of the extract. After the extracts wetsained,
spectrophotometric analysis was carried out. Therthite of theHibiscus Sabdariffeextract was obtained using
centrifugal pump connected to a variable transforfi@e hot extract was passed through a shell-abé-heat
exchanger; the extract was passed through thedlutiee heat exchanger to be cooled by the cooliatemin the
shell. The inlet and outlet temperature of Hibiscus Sabdariff@xtract with the inlet and outlet temperaturehsf t
cooling water from the shell were measured usitigegamometer. At a constant extract flow rate, défe cooling
water flow rates were taken to obtain the bestingakater rate during the cooling process. Alsalitierent extract
flow rate for a constant cooling water flow ratee individual heat transfer coefficient were alstained and a plot
of these individual heat transfer coefficient wetetted againsHibiscus Sabdariffeextract flow rate at constant
cooling water flow rate. The overall heat transfeefficient was obtained from the plots made. Tpec#ic heat
capacity of theHibiscus Sabdariffeextract (Cp) was also determined for different aamration using a Copper
calorimeter. The equation below was used to det@rapecific heat capacity éfibiscus Sabdariffextract after
the analysis:

Heat lost by Copper = Heat gained by Zobo extract

MCpc(TZ - Tl) + mZsz(TZ - Tl) = mcCpc(TS - Tl)

mszz(TZ - Tl) = mcCpc(T3 - TZ) - MCpc(TZ - Tl)

C.. = McCpc(T3—T2)—MCpc(T2—T1)
pz mz(T2—T1)
Where: M = Mass of calorimeter,.m mass of copper metal,,m mass of extract,
Cp» Cow = Specific Heat Capacity fibiscus Sabdariff&xtract & Copper respectively.(3@)

1)

RESULTSAND DISCUSSION

From the analysis carried out the following reswise obtained. The Fig.1 above shows the plospetific heat
capacity ofHibiscus Sabdariffaxtract for different concentrations of the extras the concentration of the extract
was increasing, its specific heat capacity was e#esing this is because the heat capacity of a odjrectly
proportional to the amount of substance it contawith increase in the degree of freedom, the latige specific
heat capacity of the substance. For concentratadnghe Hibiscus Sabdariffaextract ranging from 0.0125-
0.0625g/cm, the specific heat capacity was 4.485-3.32@)/¢espectively. The decrease in the specific heat
capacity accounts for the rate at which the exties®s heat, thus the highest concentration ofgdc2$ with G,
=3.324J/8C loses heat at about 1.35 times faster than thabweer concentration of 0.0125g/@mvith G,
=4.484J/§C. Comparing the & which ranges from 4.485-3.324%0gfor this experiment, it can also be seen that at
lower concentrationHibiscus Sabdariffeextract loses heat almost at the same rate aotheater and at higher
concentration loses heat faster than water. A amtiend was reported fatibiscus Sabdariffeseeds [14] where
analysis was carried out on the thermal propedfedibiscus Sabdariffeseeds, the specific heat capacity of the
seeds showed a linear decreasing trend in vallreamiincrease in moisture content but constant wiasseds. The
modeling of the curve gave the relationship betwiberspecific heat capacity and concentration efetkiract to be:
C,~ 4.873-26.336C 2
R®=0.946
Where C is the Concentration of the extract
The regression analysis gave a high value indigatimat specific heat capacity is greatly affected the
concentration of the extract.

From Fig. 2, it was observed that as the conceatraif Hibiscus Sabdariff&extract increases from 0.0125 — 0.0625
g/cnT, the density of the extract increases from 1.0361L0262g/crh which is not a significant increment since
density is an intensive property and increase ircentration increases the mass but has no signifeféect on the
density of the substance. The density is the sasrtheadensity of water 1g/éwhich was used in the exraction
process.

As shown in Fig. 3, the rate of the individual hé&@insfer coefficient increased with increase ia lthbiscus
Sabdariffaextract flowrate at different concentrations. dpmalysis of the plots, it was observed that fanious
concentrations of the extracts, as the flowratéegafrom 23 — 102g/cinthe values of the overall heat transfer
varies from 2621.73 — 10486.88%gy Since the overall resistance is the inversevefall heat transfer coefficient,
the higher the overall heat transfer coefficieng bower will be the resistance to heat transféusl the increase in
the overall heat transfer coefficient is as a tesfildecrease in resistances between the exchdmige fs the
flowrate increases. The higher the value of hemtstier coefficient, the faster the rate of heandfer, this is
because higher flow rate increases Reynolds numbé@h increases turbulence leading to higher hesatsfer,
higher efficiency and greater temperature change.
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As shown in Fig.4, the individual overall heat star coefficients were plotted against the flowmateooling water
at constant HibiscuSabdariffaextract flowrate. It was observed that as the ffider of the cooling water increases
ranging from 10 — 50cifsec, the individual heat transfer coefficient lsoaincreasing as it varies from 1607.30 —
5340.78J/sAIC. Upon analysis, for the various concentrations,lower concentration loses heat faster with Highe
magnitude of the overall heat transfer coefficigibout 5340.78J/s1C than those of higher concentrations.
Comparing the result obtained for the variatiorHiifiscus Sabdariffaextract flow rate at constant cooling water
flow rate and variation of cooling water flow ra& constantHibiscus Sabdariffaextract flow rate with the
individual heat transfer coefficient; it was obsmvthat the magnitude of the overall heat transtefficient
obtained at variouslibiscus Sabdariffeextract flow rate are greater than those obtaatedarious cooling water
flow rate. Thus it is preferable to cool thithiscus Sabdariffaextract by varying thélibiscus Sabdariffaextract
flow rate because it yields higher magnitude ofralldheat transfer coefficient and therefore Idsest at faster rate
thereby saving cost.
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CONCLUSION

The specific capacity for the different concentras of the H.B extract decreased as the concemiraicreased
indicating that high concentration increases the @ heat loss. As the flow rate of H.S extractréased at a
constant flow rate of cooling water, the individuadat transfer coefficient also increased due toredese in
resistance in the exchange fluid. The overall braausfer coefficient increased when the coolingavélbw rate was
varied at a constant flow rate of H.B extract whihe overall heat transfer coefficient values gote a constant
H.B extract flow rate were lower than the valuesteyp when the H.B extract flow rate was varied thiuss
economical to vary the flow rate of the H.B extrdating cooling. Heat exchangers can be used folirgpof H.B
extracts for large scale production in industrissitayields high efficiency thereby reducing thmei needed for
cooling compared to using the traditional methosl;aaresult, more production would be done in lessre
compared to using the traditional method of cooling
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