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ABSTRACT: Forty assorted Allihn and Graham condensing models were studied to investigate their performance on 

extraction of natural dye, solvent recovery and simple distillation of borehole water. AutoCAD was used to design the models 

with introduction of bulbs at the outer jacket ranging from one to ten bulbs and fabricated using borosilicate glass tubes. 

Hypothesis was formulated as Ho (null hypothesis) and HA(alternate hypothesis) to test the results obtained from the 

characterization of modified Allihn and Graham condensing models which was subjected under statistical analysis using t-test 

and analysis of variance (ANOVA) to ascertain the efficacy of condensing models. All the statistical analysis revealed that the 

alternate hypothesis results finding is accepted by ANOVA only on extraction. However, the null hypothesis is retained by 

either of analysis of variance or t-test on solvent recovery and simple distillation.  
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Introduction 

Heat exchangers are devices used to transfer heat from 

one fluid on one side of a barrier to another fluid (or fluid) 

flowing on the other side of the barrier. In process unit, it 

is necessary to control the temperature of incoming and 

outgoing streams. The stream can either be gas or liquid. 

Heat exchangers raise or lower the temperature of these 

stream by transferring heat to or from the stream [1] [2]. 

Condenser a device designed to separate one or more 

components of a vapour mixture by reducing a gas, or 

vapour to its liquid form. Condensers remove heat from 

the gas or vapour; once sufficient heat is eliminated, 

liquefaction occurs. In some applications, all that is 

required is to pass the gas through a long tube (usually 

arranged in a coil or other compact shapes) to allow heat 

escape into the surrounding medium. If sufficient heat is 

removed and pressure is increased all gases will become 

liquids i.e change from gas to liquid phase is 

accomplished by: increasing pressure and keeping 

temperature constant, reducing temperature and 

maintaining constant pressure, or increasing pressure and 

reducing temperatures concurrently [3] [4]. Proper design 

or selection of condenser is essential for good system 

performance [5]. Since 19
th
 century, scientists have sought 

creative designs in maximizing the surface area of vapour-

liquid contact and heat exchange. Many types of 

laboratory condensers such as simpler Liebig and Allihn, 

coiled Graham types, simple and Dimroth types of cold 

finger condenser (now common) have evolved to meet the 

practical need of larger cooling surfaces and controlled 

boiling and condensation in various procedures involving 

distillation.  Further, wide array of materials for simpler 

condensers to increase surface area have been studied and 

applied [6]. 
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Laboratory glass condensers  
Laboratory condensers are pieces of glassware use to 

cooled vapours or liquids (condensation). They are surface 

type condensers in design as they usually consist of a 

large glass tube containing a small glass tube running its 

entire length, within which the hot fluids pass and the 

coolant. The ends of the inner glass tube are usually fitted 

with ground glass joints which are easily fitted with other 

glassware. Laboratory scale operation is mostly run as 

batch distillation while industrial scale alien runs on a 

continuous basis [7]. The outer glass tube usually has two 

hose connectors, and a coolant (usually tap water or 

chilled water with anti-freeze mixture) is passed through 

it. Multiple condensers may be connected in series 

Laboratory glass condensers are not always designed to 

have the coolant flow in the outer jacket. They could also 

be designed to allow the coolant flow in the inner tube 

while the vapour condenses on the outer tube. A typical 

example is the Graham condenser were the coolant flows 

in the outer jacket while the vapour condenses in the coil. 

For improved performance, the spiral condenser are 

designed to accommodate the flow of coolant in the coil 

while the vapour condenses in the outer jacket [8]. 

Likewise, the configuration of laboratory apparatus 

varied, to cover low and high boiling solvents, simple and 

complex separations etc. several common process types 

based on the change of physical state provided by 

condensers can easily be described, including simple 

evaporations or “solvent stripping” (the bulk removal of 

all volatiles to leave behind concentrated solutes present 

in the original solution being evaporated), reflux 

operations (where the aim is to contain all volatiles while 

providing a constant process temperature established by 

the boiling point of the solvent system being used), and 

separation/distillation operations, where high theoretical 

plates provides for selective delivery of one or more 

volatile compounds of a complex “mixture” in a 

controlled fashion [9]. The direction of vapour flows in 

the laboratory condenser chosen for each of these may 

vary (e.g being counter current in reflux procedures, and 

concurrent in many simple distillation procedures), as do 

the optimal flow direction for the cooling fluid, etc). In all 

processes, condenser/selection/design requires that the 

heat of entering vapour never overwhelm the condenser 

and cooling mechanism; as well the thermal gradient and 

material flows established during the gas-liquid transition 

are critical aspect, so that as processes increase in scale 

from laboratory to pilot plant and beyond, the design of 

condenser systems becomes a precise engineering science 

[10]. 

 

Method of Condensers Design 

Automated computer-aided design (AutoCAD) was used 

in designing 40 Allihn and Graham condensers with 

quick-fit or ground joint. According to [5], proper design 

or selection of condensers are very important factors for 

satisfactory performance of cooling systems. 

Conventionally, the design and lengths specification for 

glass condensers in practice range from 120mm to 

600mm, according to [11]. Allihn and Graham condensers 

where designed with varying number of bulbs from one to 

ten (1-10) on the outer jacket to increase the surface area; 

while keeping the lengths (720mm) constant. Twenty (20) 

pieces of types “As” and “Bs” of this modified structures 

of Allihn and Graham condensers were fabricated with 

quick-fit and their accessories. For types “As” Allihn and 

Graham condensers, the outlets and inlet tubes were 

joined to their jackets while for the types “Bs” Allihn and, 

Graham models, the outlet and the inlet tubes were joined 

directly to their inner tubes. The difference in design and 

operation of types “As” Allihn and Graham condensers 

and types “Bs.” Allihn, and Graham condensers the 

coolant flow in the outer tube for the types “As” Allihn, 

and Graham condensers while for type “Bs”, the coolant 

flows in the inner tubes. Below are some samples of the 

condensing models. 

 

 
 

Plate I: “As” Allihn Glass Condensers (conventional) 

 

 
 

Plate II: “Bs” Allihn Glass Condensers (unconventional) 

 

 
 

Plate III: “As” Graham Condenser (conventional) 
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Plate IV: “Bs” Graham Condenser (unconventional). 

 

Characterization of the Condensers  
Soxhlet extraction method EPA 2701C [12], was adopted 

for the extraction of natural dye from Lawsonia inermis 

(Lalle bature) plant leaves. Standard method of distillation 

according to [13] [14], was also, adopted in carrying out a 

differential distillation of water at the research Laboratory 

of Glass and Silicate Technology Department of Ahmadu 

Bello University, Samaru, Zaria. 

 

Results Discussion 

Statistical analysis was used to establish the accuracy of 

the data obtained from the evaluation of condensers used 

for extraction of natural dye, solvent recovery and simple 

distillation of borehole water by using hypothesis. The 

student t-test was used to compare types “As” and “Bs” of 

Allihn and Graham based on the effect number of bulbs 

and the performance. The result is as shown in tables 1, 2, 

3, 4, 5, 6 and 7 respectively. We also used Analysis of 

variance (ANOVA) to compare the individual effects of 

the number of bulbs on performance of Allihn and 

Graham types “As” and “Bs” glass condensing models. 

Rejection region atIf  tcal ≥ tcrtic at P-value ≤ 0.01, then  Ho is 

rejected at P-value ≤ 0.01 otherwise Ho is retained. Summary 

of the results of t-test and ANOVA with P-value of 

α=0.01, the null hypothesis (Ho) and the alternative 

hypothesis (HA) are shown in Tables 8 and 9. 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Table 1 shows paired samples t-test of Allihn condensing 

models of types “As” and “Bs”. The t-test value is lower 

than t-critical value and that of p- value is greater than α 

value at 0.01. The Null (Ho) hypothesis is retained 

because there is no significant difference with increase on 

the number of bulbs on outer jacket on the overall 

performance of the condensing models of Allihn. In Table 

2 Graham condensing models of types “As” and “Bs” 

presented the same trend as above where by the sample 

paired t-test value was lower than t-critical and that of the 

p- value, greater than α value at 0.01 level of significance. 

Therefore Ho is retained, this showed that there is no 

significant difference on the overall performance of the 

models regardless of the number of bulbs on the outer 

jacket of the condensing models of Graham. In Table 3 

where analysis of variance (ANOVA) is used further to 

ascertain the accuracy of the condensing models. The 

result shows that f –value is greater than f-critical and the 

p-value is less than α value at 0.01 level of significance 

therefore, Ho is rejected since there is significant 

difference. Consequently HA is retained indicating that 

increase in the number of bulbs on the outer jacket has 

significant effect on the overall performance on the 

condensing models, hence proving its efficiency on 

extraction of natural dye. T-test analysis of both types 

“As” and “Bs” Allihn condensing models in Table 4 

shows that Ho is retained and HA is rejected for all the 
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parameters since the samples paired t-test value is less 

than t-critical value and that of the table p- value is greater 

than α value. This explains that increase in the number of 

bulbs on the outer jacket has no significant effect on the 

overall performance of Allihn condensing models on 

solvent recovery. The results presented in Table 5 on 

sample paired t-test reveals Graham condensing models 

types “As” and “Bs.” The Null (Ho) is accepted while HA 

is rejected because the t-test value is lower than the T-

critical and table p-value is greater than α value at 0.01 

indicating a no significant difference between the types 

„As” and “Bs” Graham condensers despite the number of 

bulbs. ANOVA in Table 6 was further used  to confirm 

both types “As” and “Bs” of Allihn and Graham models 

on the solvent recovery results which indicates a no level 

of significant effect with increase on the number of bulbs 

on the overall performance of Allihn and Graham glass 

condensing model outer jackets. This is because the F- 

value is less than the F-critical and the table p-value is 

greater than α value at a level of significant. Therefore, HA 

is rejected while Ho is retained. In conclusion, there is no 

significant difference at the given level of significant. As 

shown in Table7, Allihn types “As” and “Bs” condensing 

models t- test analysis shows that Ho is accepted and HA 

rejected, since the t-test value is lower than the t-critical 

and that of table P-value, greater than α for all the 

parameters tested. This is an indication that increase on 

the number of bulbs on the outer jacket has no significant 

effect on the performance of models on distillation. 

Regarding Table 8 samples paired t-test on types “As” and 

“Bs” Graham condensers, the outcome shows that Ho is 

retained and HA is rejected because the t-value observed to 

be lower than t-critical and that of p-value is greater than 

α -value at 0.01 of significant level. The retained models 

confirmed how efficient they are. Table 9 is a presentation 

of analysis of variance which shows the outcome that F-

value is less than F-critical and the p-value is greater than 

α- value hence, Ho is retained and HA is rejected because 

no significant difference with increase on the number of 

bulbs on the outer jacket on the overall performance of the 

condensing models. However, the rejected HA in both 

types “As” and “Bs” of Allihn and Graham condensing 

models are still efficient since they could be used in other 

carry out separation techniques. 

 

Conclusion 

The findings in Tables 1 and 2 show that Ho which states 

that increase on the number of bulbs at the outer jacket of 

Allihn and Graham glass condensers has no significant 

effect on the overall performance of the condensing 

models was retained. However in the case of extraction as 

indicated in Table 4 using ANOVA the extraction result 

revealed that there is significant difference with increase 

on the number of bulbs on the outer jacket resulted to an 

increased on the overall performance of the models as 

such HA is accepted in this case.         

 

References 

[1]. D.S. Beachler, J.A. Jahnke, G.T. Joseph, and M.M 

Peterson, (1983). Condense. Air Pollution Control 

Systems for Selected Industries – Self-Industrial 

Guidebook. APTI Course SI:431, EPA 450/2.82.006 

)pp. 10.1-10.2). Retrieved April 3, 2015 from 

http://www.epa.state.oh.us/.../27/.../condense.p... 

[2]. C.M. Gonah, (2014). Optimization of Glass 

Condensers by Solid Modelling. Unpublished Ph.D 

Dissertation. Department of Industrial Design, 

Ahmadu Bello University, Zaria (Pp. 25-27 & 112). 
 

[3]. M. Gert, (2012). Allihn condenser-300mm-

borosilicate-groung glass joints. Oxford chemServe. 

Retrieved February 2, 2015, from 

http://oxfordchemserve.blogspot.com/.../allihn- 
 

[4]. W.B. Jeffrey, (2002). Double-pipe heat exchanger 

(pp. 1-2). Retrieved December 3,2014from 

http://che.utah.edu/.. 
 

[5]. J.Z. Jekada, C.M. Gonah, A.D. Garkida, Ladan, 

(2017). Comparative studies on Graham Glass 

Condensing Model Types “As” and “Bs” For 

Extraction of Natural Dyes from Lawsonia Inermis”, 

International Journal of Advanced Research and 

Publications (IJARP), http://www.ijarp.org/online-

papers-publishing/nov2017.html,volume1-issues, 

November 2017 Edition, 369-373 #Ijarp. 
 

[6]. G. John, and M. Stephen, (2015).Experimental 

Organic Chemistry Miniscale Microscale Approach 

(pp.    89-91).Retrieved October 12, 2015, from 

http://books.goggle. 

com/books?isbn=130568787876.  
 

[7]. M.D. Luque de Castro, and L.E. Garcia, (2000). 

Soxhlet Extraction; Environmental 

Applications/Soxhlet Extraction 2701. University of 

Cordaba,Cordoba, Spain. Academic Press, 2000. Pp 

23-26  
 

[8]. A.G. Mansur, A.C. Micheal, A.J. Micheal, A. Adam, 

B.L. Marily, B. Patricia, Y. Grace, … (2015). Ethyl 

alcohol. Encyclopaedia Britannica, inc. Retrieved 

January 14, 2016, from 

http://www.britannica.com/science/ethyl-alcohol 
 

[9]. H.M. Mohammed, (2008). Investigation of 

Aluminium cooling coil in condenser application 

using computational fluid dynamic (p. 6). Retrieved 

May 12, 2015, from 

http://umpire.ump.edu.my/...MOHD_HAIRUL 
 

[10]. NORMAG (2005). Laboratory Glassware: Heat 

exchanger (p.2). Retrieved December 12, 2014, from 

http://normag-glass.de/es/pdf/06_heatexchanger.pdf 
 

[11]. M. Ramgopal, (20140. Refrigeration and air 

conditioning. Retrieved March 03, 2014, from 

http://extofvideo.nptel.iitm.ac.in/112105128/lec26.p

df 
 

[12]. J.W. Rose, (2011). Condensation. Overview (p. 2). 

Retrieved March 03, 2015, from 

http://www.thermopedia.com.authors/480 
 

[13]. G. Pahlavan, (2012). Experiment 3 – separation by 

solvent extraction (p. 16). Retrieved March,  

02,2015,       from 

http://chemistry3.chemistry.sc.chula.ac.th/personnel/

download/file_20150807155514.pdf 

http://www.epa.state.oh.us/.../27/.../condense.p
http://che.utah.edu/
http://www.ijarp.org/online-papers-publishing/nov2017.html,volume1-issues
http://www.ijarp.org/online-papers-publishing/nov2017.html,volume1-issues
http://books.goggle/
http://www.britannica.com/science/ethyl-alcohol
http://umpire.ump.edu.my/...MOHD_HAIRUL
http://normag-glass.de/es/pdf/06_heatexchanger.pdf
http://extofvideo.nptel.iitm.ac.in/112105128/lec26.pdf
http://extofvideo.nptel.iitm.ac.in/112105128/lec26.pdf
http://www.thermopedia.com.authors/480
http://chemistry3.chemistry.sc.chula.ac.th/personnel/download/file_20150807155514.pdf
http://chemistry3.chemistry.sc.chula.ac.th/personnel/download/file_20150807155514.pdf

